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Zürich, Switzerland

ANESTHESIA & ANALGESIA®

The Gold Standard in Anesthesiology

October 2012, Volume 115, Number 4
www.anesthesia-analgesia.org

2014

ANEV118N5_Text.indb   7 4/12/2014   2:26:40 PM

May 2014, Volume 118, Number 5S
www.anesthesia-analgesia.org



ANESTHESIA & ANALGESIA®

The “Gold Standard” in Anesthesiology 
7KH�RI¿FLDO�VFLHQWL¿F�MRXUQDO�RI�WKH�,QWHUQDWLRQDO�$QHVWKHVLD�5HVHDUFK�6RFLHW\�®�WKH�6RFLHW\�RI� 

&DUGLRYDVFXODU�$QHVWKHVLRORJLVWV��WKH�6RFLHW\�IRU�3HGLDWULF�$QHVWKHVLD��WKH�6RFLHW\�IRU�$PEXODWRU\�
$QHVWKHVLD��WKH�,QWHUQDWLRQDO�6RFLHW\�IRU�$QDHVWKHWLF�3KDUPDFRORJ\��WKH�6RFLHW\�IRU�7HFKQRORJ\� 
LQ�$QHVWKHVLD��WKH�$QHVWKHVLD�3DWLHQW�6DIHW\�)RXQGDWLRQ��WKH�$PHULFDQ�6RFLHW\�RI�&ULWLFDO�&DUH� 

$QHVWKHVLRORJLVWV��DQG�WKH�6RFLHW\�IRU�2EVWHWULF�$QHVWKHVLD�DQG�3HULQDWRORJ\

Abstracts of Posters 
Presented at the

International Anesthesia Research Society
IARS 2014 Annual Meeting

Montréal, Canada
May 17-20, 2014

Abstracts (by category):
Airway Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S-1 – S-21
Ambulatory Anesthesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S-22 – S-29
Anesthetic Pharmacology . . . . . . . . . . . . . . . . . . . . . . . . . . . .S-30 – S-50 
Cardiovascular Anesthesiology . . . . . . . . . . . . . . . . . . . . . . . .S-51 – S-79
Critical Care, Trauma and Resuscitation. . . . . . . . . . . . . . . . S-80 – S100
Economics, Education and Policy . . . . . . . . . . . . . . . . . . . .S-101 – S-127
Liver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S-128 – S-132
Neuroscience in Anesthesiology and  
Perioperative Medicine . . . . . . . . . . . . . . . . . . . . . . . . . . . .S-133 – S-181
Obstetric Anesthesiology. . . . . . . . . . . . . . . . . . . . . . . . . . .S-183 – S-194
Pain Mechanisms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S-195 – S-202
Pain Medicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S-203 – S-215
Patient Safety. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S-216 – S-254
Pediatric Anesthesiology . . . . . . . . . . . . . . . . . . . . . . . . . . .S-255 – S-273
Regional Anesthesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S-274 – S-297
Sleep Medicine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .S-298 – S-302
Technology, Computing and Simulation . . . . . . . . . . . . . . .S-303 – S-319

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S-320

$XWKRUV�VXEPLWWLQJ�DEVWUDFWV�KDYH�FHUWL¿HG�WKDW�LI�KXPDQ�UHVHDUFK�LV�UHSRUWHG��DSSURYDO�E\�DQ�LQVWLWXWLRQDO�KXPDQ�UHVHDUFK�FRPPLWWHH�KDV�EHHQ�
obtained, or if animal research is reported, the usual standards and guidelines for animal care have been followed. Material published in this 
supplement has not undergone review by the Editorial Board of Anesthesia and Analgesia. Any of the abstracts in this supplement may have 
been transmitted by the author to IARS in various forms of electronic medium. IARS has used its best efforts to receive and format electronic 
submissions for publication in this supplement but has not reviewed each abstract for the purpose of textual error correction and is not liable 
in any way for any formatting, textual or grammatical error or inaccuracy.

©2014 by the International Anesthesia Research Society



Airway Management



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-1 

S-1.
EMERGENCY INTUBATION WITH 
VIDEOLARYNGOSCOPY: PRELIMINARY DATA OF A 
PROSPECTIVE, RANDOMIZED, MULTICENTER OUT-OF-
HOSPITAL TRIAL

AUTHORS: S. Janssen1, F. Reifferscheid1, V. Doerges1, P. Knacke2, 
A. Callies3, E. Cavus1

AFFILIATION:1Anaesthesiology and Intensive Care Medicine, 
University Hospital Schleswig-Holstein Campus Kiel, Kiel, Germany, 
2Anaesthesiology and Intensive Care Medicine, Sana Clinics Ost-
Holstein, Eutin, Germany, 3Anaesthesiology and Intensive Care 
Medicine, Klinikum Links der Weser, Bremen, Germany

INTRODUCTION: Videolaryngoscopy may be a valuable 
technique for pre-hospital endotracheal intubation1. However, 
the performance of different videolaryngoscopic systems in this 
setting is unclear. The aim of the present study was to compare 
three new portable videolaryngoscopes, the A.P. Advance® (APA; 
VENNER Medical, Kiel, Germany), the C-MAC® PM (CM; Karl 
Storz, Tuttlingen, Germany), and the channeled-blade King Vision® 
(KV; King Systems, Noblesville, USA) for pre-hospital emergency 
endotracheal intubation (ClinicalTrials.gov NCT01635660).

METHODS: Approval of the institutional review board was 
obtained. We report of 45 matched patients (15 for each device; age, 
median [range]: 65 [18-87]; 24 female), that had the need for pre-
hospital emergency intubation, and that were treated by a physician 
introduced in the use of the devices.

RESULTS: Most frequent indications for pre-hospital intubation 
were cardiopulmonary resuscitation in 9 cases, and trauma in 20 
cases (including maxillo-facial trauma in 4 cases), respectively. 
Glottic visualization was comparable with all 3 devices (Best 
achievable Cormack-Lehane classes: I: APA 8, CM 7, KV 8; II: APA 
5, CM 8, KV 4; III: APA 1, KV1; IV: APA 1). Median [range] time 
to successful intubation for the APA was 30 [10-135] seconds, for 
the CM 45 [20-90] seconds, and for the KV 70 [20-140] seconds. 
,QWXEDWLRQ�VXFFHVV�RQ�WKH�¿UVW�DWWHPSW�ZLWK�$3$��&0��DQG�.9�ZDV�
73%, 67%, and 47%, respectively. Overall success for APA, CM, 
and KV was 100%, 100%, and 60%, respectively.

Direct laryngoscopy for successful intubation after failed 
videolaryngoscopic attempts was necessary with the APA in 2 
patients, and with the CM in 1 patient. In the KV group, 6 patients 
were intubated with a conventional Macintosh laryngoscope.

CONCLUSION: A.P. Advance, C-MAC PM, and King Vision® 
showed comparable glottis visualization during pre-hospital 
emergency endotracheal intubation; however, intubation success 
rates in non-standardized, challenging conditions may vary between 
the different videolaryngoscopic devices.

REFERENCE: 

Cavus E, et al. Emerg Med J. 2011;28:650-3.



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 
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S-2.
“THE PATIENT ACTUALLY LIKES IT!!”: A SIMPLE 
AND NO-EXTRA-COST TSE-ALLOTEH NASAL CPAP 
MASK/CIRCUIT FOR A MORBDLY OBESE PATIENT 
WITH OBSTRUCTIVE SLEEP APNEA UNDER MAC FOR 
IRRIGATION AND DEBRIDEMENT OF ANKLE ULCER 

AUTHORS: H. Skiff, C. W. Hunter, E. Pantin, R. Alloteh, S. 
Barsoum, C. Kloepping, J. Tse 

AFFILIATION: Anesthesiology, Rutgers-Robert Wood Johnson 
Medical School, New Brunswick, NJ

INTRODUCTION: Patients under monitored anesthesia care 
(MAC) routinely receive intravenous (IV) sedation and O2. Over-
sedation or airway obstruction may cause severe desaturation, 
especially in obese patients with obstructive sleep apnea (OSA). 
These patients may use nocturnal continuous positive airway 
pressure (CPAP) or bi-level continuous positive airway pressure 
(BiPAP) machine. Under sedation, they may require frequent chin-
lift, jaw-thrust or insertion of a nasal airway. To avoid the risk of 
epistaxis when inserting a nasal airway, the TSE-Alloteh nasal 
CPAP mask/circuit has recently been shown to improve oxygenation 
in sedated OSA patients using existing anesthesia equipment1-4. We 
report a challenging case using this simple technique to improve 
oxygenation and comfort in a morbidly obese OSA patient under 
MAC.

CASE REPORT: A 48 y/o morbidly obese man (5’10”, 141 
kgs, Body Mass Index: 45 kg/m2) presented for irrigation and 
GHEULGHPHQW� RI� OHIW� DQNOH� XOFHU�� +H� KDG� SULRU� H[WUHPHO\� GLI¿FXOW�
endotracheal intubation, status post tracheostomy several year prior, 
VHYHUH� SHULSKHUDO� QHXURSDWK\��&$'�� ,''0�� VSLQD� EL¿GD�� WKDW� GLG�
not restricted his mobility until recently, and OSA. He used a home 
BiPAP mask/machine (16/7 cm H2O). Because of his multiple 
comorbidities and severe peripheral neuropathy that made his 
wound insensible to pain, it was decided to proceed without local 
anesthesia or IV sedation. He was on nasal cannula (NC) O2 (2 L/
min) and his O2 saturation (Sat) was 95% while sitting upright. His 
oropharynx was pretreated with 5% lidocaine cream for possible 
DZDNH�¿EHU�RSWLF�LQWXEDWLRQ�LI�QHHG�DURVH��+H�FRPSODLQHG�RI�G\VSQHD�
while lying down with a foam wedge (30 degree incline). His O2 Sat 
decreased to 92% even with NC O2 (5L/min). He requested a BiPAP 
PDVN�DQG�ZDV�¿W�ZLWK�DQ�DGXOW�IDFLDO�PDVN�WR�SURYLGH�&3$3�XVLQJ�DQ�
adult anesthesia breathing circuit, but felt more comfortable when 
DQ� LQIDQW�PDVN�ZLWK� IXOO\� LQÀDWHG�DLU� FXVKLRQ�� ,W�ZDV�SODFHG�RYHU�
his nose and secured with head straps to obtain a tight seal (Photo 
1-3)1-4. It was connected to an adult breathing circuit attached 
to the anesthesia machine. Pressure-relief valve was adjusted to 
deliver CPAP (5 cm H2O) with a mixture (0.75 FiO2) of fresh O2 
(5 L/min) and fresh air (2 L/min). The patient was happy with this 
nasal CPAP mask and gave consent for photography. He maintained 
spontaneous respiration and 100% O2 saturation throughout the 
procedure. He tolerated the procedure well without complication.

CONCLUSION: This simple nasal CPAP mask/circuit takes 2-3 
min to assemble using existing anesthesia equipment and machine. 
This patient actually liked this nasal CPAP mask much better than 
a facial CPAP mask. It improves oxygenation and proactively 
prevents desaturation in sedated obese patients with OSA1-4. It 
can also be used to deliver assisted nasal mask ventilation without 
interrupting the procedure1-4. This simple technique may improve 
patient safety at no extra cost.

REFERENCES: 

1. www.TSEMask.com; 

2. SASM 3rd AM: P27, 35 & 43, Oct 10-11, 2013

3. ASA AM:MC536 & MC1100, Oct 12-16, 2013

4.  NYSSA 67th PGA:MCC-7094, 7115, 7120, 7189, 7199 & 7203 
Dec13-17, 2013
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S-3 

S-3.
DIVERSITY OF OUT-OF-OPERATING-ROOM 
INTUBATIONS AMONG RESIDENCY PROGRAMS IN  
THE UNITED STATES

AUTHORS: P. Upadya, M. Conopio, J. Spaliaras, A. Padover, A. 
Krottapalli, S. Shodhan

AFFILIATION:Anesthesiology, St. Joseph’s Regional Medical 
Center, Paterson, NJ

INTRODUCTION: Preparation is vital for intubation. After 
anecdotal complaints of lack of adequate equipment and resident 
dissatisfaction with out-of-operating-room intubations, we sought 
to investigate resident concerns for patient safety. The unavailability 
RI�HVVHQWLDO�HTXLSPHQW�DQG�VWDII�FDQ�OHDG�WR�GLI¿FXOW�DQG�KD]DUGRXV�
situations. This study was undertaken to investigate the standard 
of equipment, medications and monitors available during out-of-
operating-room intubations.

To understand how other anesthesia programs handle these 
situations, a survey was created to compare protocols from other 
hospitals.

METHODS: An IRB approved survey was sent out to all ACGME 
DQHVWKHVLD� SURJUDP� FRRUGLQDWRUV� ZLWK� DQ� HPDLO� DGGUHVV� RQ� ¿OH��
Program coordinators were requested to forward the survey link 
to each anesthesia resident. This survey was created using the 
software, Survey Monkey (SurveyMonkey Inc., Portland, OR). 
&RQ¿GHQWLDOLW\� RI� WKH� SDUWLFLSDQWV� ZDV� HQVXUHG� WKURXJK� WKLV�
software. The questionnaire consisted of 19 questions designed to 
evaluate how emergency out-of-operating-room intubations were 
logistically handled in each hospitals’ setting.

RESULTS: Over a span of four months, 414 responses were 
collected. The majority of respondents (79.95%) were from a level 1 
trauma center. The anesthesia department was primarily responsible 
for out-of-operating-room intubations (93.24%). Variations were 
noted among residents in the following categories: 1) Equipment: 
70% bring their own equipment to the bedside versus bedside 
equipment available; 2) Emergency and Intubation Medications: 
43% bring their own medications versus 43% available at 
bedside; 3) Bedside Monitoring Availability: EKG - 65.74%, BP - 
80.15%, SpO2 - 85.28%, ETCO2 - 21.02%; and 4) Maintenance 
of Intubation Equipment Responsibility: Floor RN - 10.53%, 
Anesthesia resident on call - 45.43%, Anesthesia attending - 2.22%, 
Central Supply - 16.34%, Other (anesthesia technician/CRNA/RT/
pharmacy) - 31.86%. Most importantly, respondents noted that lack 
of supplies was the cause of preventable morbidity in 13.47% of 
out-of-operating-room intubations.

DISCUSSION: From this survey, it is evident that there is diversity 
among anesthesia programs in the United States, on how each 
handles out-of-operating-room intubations. This includes but is 
no limited to personnel responding to the intubation and bedside 
availability of equipment, medication and monitoring. Diversity 
is acceptable until patient safety is compromised. Therefore, it is 
feasible to consider establishing a universal airway management 
SURWRFRO� WR� HQKDQFH� SDWLHQW� VDIHW\� DQG� HI¿FLHQF\� GXULQJ� RXW�RI�
operating-room intubations. 



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-4.
A PILOT STUDY TO EVALUATE A NOVEL TECHNIQUE 
FOR BAG MASK VENTILATION IN A PATIENT WITH 
ESTABLISHED CRITERIA FOR DIFFICULT MASK 
VENTILATION

AUTHORS: D. Grech, S. Patel, H. Israel, A. Bekker

AFFILIATION: Anesthesiology, Rutgers New Jersey Medical 
School, Newark, NJ

INTRODUCTION: Masked ventilation is an essential skill that 
is practiced by virtually all medical professionals. It is a skill that 
when used correctly can save many lives. Traditionally, there are 
two main styles of mask ventilation, the one handed (the “C and 
(´�JULS��)LJXUH�D��DQG� WKH� WUDGLWLRQDO� WZR�KDQGHG� �7+7��¿JXUH�F��
grip. With the one handed grip, there is a risk of air leak on the 
side opposite to the stabilizing hand. The two handed grip provides 
better protection against an air leak but requires another provider to 
actually deliver the tidal volumes. We are proposing a novel sub-
PDQGLEXODU��16��¿JXUHV�E�	�F��RQH�KDQGHG�JULS�WKDW�DOORZV�XV�WR�SXW�
adequate pressure on both sides of the mask and deliver adequate 
tidal volume using the other hand. The anesthesia provider (AP) will 
stand perpendicular to the long axis of the patient’s body, aligning 
the AP’s umbilicus to the patient’s mentum. Next, the AP will place 
WKHLU�¿IWK�GLJLW�DORQJ�WKH�ERG\�RI�WKH�OHIW�PDQGLEOH��7KH�IRXUWK�GLJLW�
will be placed along the body of the right mandible. The AP will 
rotate clockwise at the hip while keeping their elbow against their 
body to lift the patient’s chin to 45 degrees. This rotational force 
adds strength to the chin lift maneuver. The AP will avoid pressing 
WKH�VRIW�WLVVXH�LQ�WKH�VXEPHQWDO�WULDQJOH��7KH�¿UVW�GLJLW�ZLOO�EH�XVHG�
to apply pressure to the left border of the facemask while the second 
and third digits will be used to apply pressure to the right border of 
the facemask.

S-4

METHODS: We enrolled 28 patients undergoing elective surgery 
ZKR� ZHUH� FODVVL¿HG� LQWR� YDULRXV� JURXSV�� HGHQWXORXV�� EHDUGHG��
Obstructive sleep apnea (OSA), mallampati 3 or 4, and mallampati 1 
or 2 serving as controls. After the induction of general anesthesia but 
before intubation, the provider would ventilate the patient using an 
adult sized facemask. A preset tidal volume of 8cc/kg was delivered 
for 8 breaths for each technique. TV, peak airway pressures, HR 
and O2 saturation were recorded after each breath. The anesthesia 
providers were demonstrated the NS grip prior to induction.

RESULTS: All the groups, except OSA, showed improvement, 
DOWKRXJK�VWDWLVWLFDOO\�LQVLJQL¿FDQW��LQ�WLGDO�YROXPHV�GHOLYHUHG�ZLWK�
the novel technique when compared to the traditional C&E one-
handed grip. The two handed technique, as expected, provided the 
largest tidal volumes when compared to the other two technqiues.

CONCLUSION: Our results show that the novel submandibular 
technique can prove to be a useful complement or alternative to the 
traditional one and two-handed techniques. Future studies can be 
undertaken to stratify the effectiveness of these techniques based on 
provider’s hand size, grip strength, gender, and training level.

REFERENCES:

Kheterpal S, Han R, Tremper KK, Shanks A, Tait AR, O’Reilly 
0�� ,QFLGHQFH� DQG� SUHGLFWRUV� RI� GLI¿FXOW� DQG� LPSRVVLEOH� PDVN�
ventilation. Anesthesiology 2006; 105: 885-91

Yentis SM: Predicting trouble in airway management. Anesthesiology 
2006; 105:871-2.

Danielle Hart, Robert Reardon, Christopher Ward, James Miner, 
Face Mask Ventilation: A Comparison of Three Techniques, The 
Journal of Emergency Medicine, Volume 44, Issue 5, May 2013, 
Pages 1028-1033
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S-6.
NO-COST TSE “MASK” FOR PRE-OXYGENATION 
PRIOR TO RAPID SEQUENCE INDUCTION OF GENERAL 
ANESTHESIA IN A PATIENT WITH LARGE BOWEL 
OBSTRUCTION, PAINFUL NASOGASTRIC TUBE, 
ANXIETY AND CLAUSTROPHOBIA

AUTHORS: J. Kim, S. Barsoum, N. Kumar, T. Mehta, S. Shah,  
C. W. Hunter, J. Tse

AFFILIATION: Anesthesiology, Rutgers-Robert Wood Johnson 
Medical School, New Brunswick, NJ

INTRODUCTION: Rapid sequence induction (RSI) of general 
anesthesia (GA) is routinely performed after preoxygenation in 
SDWLHQWV�ZLWK�IXOO�VWRPDFK��,W�LV�GLI¿FXOW�WR�DGHTXDWHO\�SUHR[\JHQDWH�
a patient who is claustrophobic and irritated by a nasogastric tube 
(NGT) with a face mask. A simple plastic bag was shown to improve 
oxygenation by transforming a nasal cannula (NC) to a face tent 
(TSE “Mask”) in sedated patients during various procedures1-3 and 
to improve oxygenation prior to perform RSI of GA for endotracheal 
intubation (ETI) in a combative trauma patient4. We report its use in 
improving preoxygenation in a patient with large bowel obstruction 
and claustrophobia.

CASE REPORT: A 65 y/o, 5’2”, 128 lb, woman presented with large 
bowel obstruction for colonoscopy and subsequently for exploratory 
laparotomy 2 days later. She had diverticulosis, HTN, depression, 
anxiety and claustrophobia. GA with ETI was planned for colonoscopy 
due to distended abdomen with large bowel obstruction. She had 
pain and was very uncomfortable even with gentle manipulation of 
NGT during NGT suctioning. She anxiously requested not to use a 
face mask for preoxygenation because of extreme claustrophobia. 
After discussing the risks of inadequate preoxygenation, she agreed 
to preoxygenation with a NC and a clear plastic bag (TSE “Mask”) 
as described1-3. Her O2 saturation (Sat) increased from 98% to 
100% after 4-5 min with TSE “Mask” and NC O2 4 L/min (Photo 
1). RSI (with cricoid pressure) of GA was performed with 100 mg 
lidocaine, 150 mg propofol and 100 mg succinylcholine. ETI was 
quickly and easily accomplished with a video-laryngoscope (Photo 
2-3). Her O2 Sat was 100% throughout. Anesthesia was maintained 
ZLWK�VHYRÀXUDQH�DQG�SURSRIRO��6KH�ZDV�H[WXEDWHG�IXOO\�DZDNH�DQG�
recovered without problem. Two days later, she was brought to OR 
for urgent exploratory laparotomy and Hartmann’s procedure. She 
was pleased to see the same attending anesthesiologist and requested 
to have a TSE “Mask” for preoxygenation and gave consent for 
photography. Her O2 Sat increased from 95% to 100% after 4-5 min 
preoxygenation with NC O2� ÀRZ� RI� �� /�PLQ� DQG� D� 76(� ³0DVN´�
�3KRWR�����0RGL¿HG�56,��ZLWK�FULFRLG�SUHVVXUH��RI�*$�ZDV�LQGXFHG�
with 100 mcg fentanyl, 80 mg lidocaine, 150 mg propofol and 60 mg 
recuronium. ETI was again quickly and easily accomplished with a 
video-laryngoscope (Photo 2-3). Her O2 Sat was 100% throughout. 
*$�ZDV�PDLQWDLQHG�ZLWK�GHVÀXUDQH�DQG�WKH�VXUJLFDO�SURFHGXUH�ZDV�
completed without complication. She was extubated awake in PACU 
without problem. She was discharged home after an uncomplicated 
postoperative course.

CONCLUSIONS: This patient might not gain adequate 
preoxygenation with a face mask prior to RSI of GA due to extreme 
claustrophobia and an irritating NGT. She was very pleased 
and comfortable with a TSE “Mask” for preoxygenation. After 
preoxygenation with this technique for a few minutes, GA with RSI 
and ETI can be accomplished without desaturation. This simple face 
tent can be prepared in a few sec without additional cost and may 
improve patient comfort and safety.

REFERENCES: 

1. Anesth 107:A922, 2007

2. Anesth 102:484, 2005

3. www.TSEMask.com

4. IARS 2013 AM: CC141

http://www.TSEMask.com
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S-7.
RANDOMIZED CONTROLLED TRIAL OF THE RIGID 
AND FLEXING LARYNGOSCOPE VERSUS THE 
FIBEROPTIC BRONCHOSCOPE FOR DIFFICULT AIRWAY 
MANAGEMENT

AUTHORS: A.B. King1, B. D. Alvis2, C. Hughes1, M. Higgins3, 
D. Hester4

AFFILIATION: 1Department of Anesthesiology, Vanderbilt 
Uni ver sity Medical Center, Nashville, TN, 2Vanderbilt Medical 
Center, Nashville, TN, 3Anesthesiology, VUMC, Nashville, TN, 
4Anesthesiology, Vanderbilt University, Nashville, TN

INTRODUCTION:� 7KH� ¿EHURSWLF� EURQFKRVFRSH� LV� YLHZHG�
DV� WKH� JROG� VWDQGDUG� GHYLFH� IRU� GLI¿FXOW� LQWXEDWLRQ�� 7KH� ULJLG�
ÀH[LEOH�ODU\QJRVFRSH�LV�D�QHZHU�GHYLFH�XVHG�IRU�H[SHFWHG�GLI¿FXOW�
endotracheal intubation. A comparative trial of these devices has 
not been performed.Methods: Adult surgical patients requiring 
HQGRWUDFKHDO� LQWXEDWLRQ�ZLWK� SUHGLFWHG� GLI¿FXOW� DLUZD\V� EDVHG� RQ�
DLUZD\�H[DPLQDWLRQ��ERG\�PDVV�LQGH[�DQG�RU�NQRZQ�GLI¿FXOW�DLUZD\�
with previous intubation were randomized to undergo endotracheal 
intubation with either the Rigid and Flexing Laryngoscope (RIFL) 
or the Flexible Fiberoptic Bronchoscope (FOB). Induction was 
performed in usual manner by anesthesiologists, and intubation 
ZDV� SHUIRUPHG� E\� SURYLGHUV� SUR¿FLHQW�ZLWK� ERWK� DLUZD\� GHYLFHV��
The primary outcomes measured were successful intubation, 
time to successful intubation, and number of attempts requiring 
additional airway assist maneuvers. The lowest observed oxygen 
saturation and airway trauma were also recorded. Results: A total 
of 41 patients were enrolled, with 20 randomized to each group and 
1 withdrawal. Intubation was successful in all patients with both 
GHYLFHV��7KH�PHGLDQ�WLPH�IRU�VXFFHVVIXO�LQWXEDWLRQ�ZDV�VLJQL¿FDQWO\�
shorter in the RIFL group compared to the FOB group (49 vs. 64 
seconds; p=0.048). Airway assist maneuvers were required in 2 
(10%) intubations with the RIFL compared to 16 (80%) intubations 
ZLWK� WKH�)2%� �S��������7KHUH�ZHUH� QR� VLJQL¿FDQW� GLIIHUHQFHV� LQ�
lowest oxygen saturation or airway trauma.

CONCLUSION:� 7KH� 5,)/� UHTXLUHG� VLJQL¿FDQWO\� OHVV� WLPH� DQG�
airway assist maneuvers for successful endotracheal intubation 
compared to FOB when utilized by experienced providers in 
SDWLHQWV�ZLWK�DQWLFLSDWHG�GLI¿FXOW�DLUZD\V�
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S-8.
A NOVEL AIRWAY RESCUE TECHNIQUE:  
CAMERA IN TUBE INTUBATION THROUGH  
A SUPRAGLOTTIC AIRWAY

AUTHORS: A. Craenen1, E. Koopman1, N. Eipe2, J. Huitink1 

AFFILIATION: 1Anesthesiology, VU Medical Center, Amsterdam, 
Netherlands, 2Anesthesiology, The Ottawa Hospital, Ottawa, ON, 
Canada

INTRODUCTION: Airway rescue techniques are of vital 
LPSRUWDQFH� LQ� FDVHV� RI� XQDQWLFLSDWHG�GLI¿FXOW� DLUZD\V� DQG� FDQQRW�
intubate- cannot oxygenate scenario1. Tracheal intubation with a 
camera in tube intubation (CITI) technique through a supraglottic 
device may offer easier and faster intubation2,3. Aim of the current 
study was to compare this novel technique with direct laryngoscopy 
LQ�D�VLPXODWHG�SRVLWLRQ�RI�GLI¿FXOW�LQWXEDWLRQ��WKH�ODWHUDO�GHFXELWXV�

METHODS: Review Board approval was obtained for this study 
in the simulation lab. A Laerdal SimMan™ manikin was placed in 
the lateral decubitus on a bean bag mattress - left- and subsequently 
LQ� ULJKW� ODWHUDO� WLOW� WR� VLPXODWH�D�GLI¿FXOW� LQWXEDWLRQ�SRVLWLRQ��)LYH�
participants- two 4th year registrars, two experienced consultants 
and one experienced nurse anesthetist were divided into sequential 
SDLUV��7KH�¿UVW�RSHUDWRU�DWWHPSWHG�FRQYHQWLRQDOO\�WUDFKHDO�LQWXEDWLRQ�
with a laryngoscope Macintosh blade 3 and this was followed by 
the second operator’s attempt with CITI- Igel [a VivaSight™ (ET 
View) 7.0 through an I-gel 5.0]. Times were recorded until visual 
FRQ¿UPDWLRQ�RI�FRUUHFW�WUDFKHDO�WXEH�SODFHPHQW��)RU�ERWK�WHFKQLTXHV�
the same VivaSight™ tube was used. Maximal time for intubation 
was set at 40 seconds. If the intubation took longer the intubation 
was scored as failed attempt. The intubation times were compared 
with a Mann-Whitney test (IBM SPSS 20.0).

RESULTS: A total of 120 intubations (60 with a laryngoscope 
and 60 with the CITI I-gel technique) were performed. With 
laryngoscopy 56 attempts (93%) were successful within 40 s with 
the CITI I-gel technique we observed the same overall success 
rate (93%). The mean (SD) time to intubation with a laryngoscope 
was 10.1 (4.2) s and with the CITI I-gel combination 10.6 (4.1) s 
(p=0.243). In contrast to the consultants and nurse anesthetist, the 
registrars had a higher success rate using the CITI I-gel technique 
(100%) than with the conventional method (83%). Their intubation 
WLPHV�ZHUH�DOVR�VLJQL¿FDQWO\�IDVWHU�XVLQJ�WKLV�WHFKQLTXH�������������V�
vs 12.8 (4.9) s (p=0.041).

DISCUSSION: The use of a supraglottic airway is recommended 
as an adjunct to bag mask ventilation and it may be used to facilitate 
tracheal intubation4. This concept has not been previously formally 
evaluated or compared to laryngoscopy. Our study suggests that 
the I-gel may be a suitable conduit for intubation in the lateral 
position. Further the use of the tracheal tube with the embedded 
camera may increase the success of this technique. The difference 
between the trainees and the experienced with regards to success 
with the intubation through the I-gel both in time and attempts is 
also noteworthy. In conclusion, camera in tube intubation through 
a supraglottic airway is a fast technique for tracheal intubation of a 
PDQLNLQ�SODFHG�LQ�D�GLI¿FXOW�LQWXEDWLRQ�SRVLWLRQ�

REFERENCES:

1. Br J Anaesth. 2011;106:617-31. 

2. Anaesthesia. 2013;68:74-8.

3. Br J Anaesth. 2005;95:715-8.

4. Emerg Med J. 2010; 27:860-3.

5. Anesth Analg. 2004;99:279-83.

S-9.
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S-10.
A NOVEL LARYNGOSCOPE MODIFICATION FOR 
FASCILITATING DIRECT LARNYGOSCOPY IN THE 
SMALL LAB RODENT

AUTHORS: S. K. Puri, J. LI, J. Reyes, V. Le, M. Xiong, J. H. Ye, 
A. Bekker

AFFILIATION: Department of Anesthesiology, Rutgers – New 
Jersey Medical School, Newark, NJ

Introduction: Endotracheal intubation of the laboratory rat is 
D� GLI¿FXOW� WDVN��7KHUH� LV� D� ODFN� RI� VSHFL¿F� HTXLSPHQW� HQJLQHHUHG�
for the small rodents’ airway. The standard Miller blade 0 is wider 
than maximum mouth opening for the rat. We have developed a 
custom made laryngoscope modeled from a Miller 0 blade. This 
instrument is more suitable for direct visualization of the cords in 
small animals. Moreover it causes minimal trauma to the airway. 
All animals intubated using this technique have recovered and were 
extubated uneventfully with no complications of airway trauma.

METHODS: We used a standard pediatric Miller blade 0 with 
attached light source as a basis for this design. We then utilized 
a metal cutting saw to cut out one half of the width of the blade 
extending from the distal tip for approximately 2/3 of the entire 
length of the blade (Figure 1). The light source and the attachment 
site for the handle remained intact. The sides were sanded with 
sandpaper until no sharp fragments were felt and a smooth 
uniformed surface was present.

Prior to intubation a peripheral IV was placed in the lateral tail vein. 
A bolus of IV medication was then given for anesthesia induction. 
The animal was then placed on a custom made adjustable intubating 
stand fashioned from a metal book holder. The rat was secured 
with clear tape wrapped around the extremities and the mouth was 
secured open with rubber bands that maintained gentle pressure 
on the incisors. Once the animal was secured and connected to 
BP and pulse ox the rat was positioned in a 45 angle. The tongue 
was gently retracted using forceps. The operator then performed 
direct laryngoscopy from behind head looking directly into the 
RURSKDU\Q[��7KH�PRGL¿HG�ODU\QJRVFRSH�ZDV�DEOH�WR�VOLGH�VPRRWKO\�
into the oropharynx and lift the epiglottis to allow for direct 
visualization of the vocal cords. Once intubation was complete, the 
blade was easily removed from the mouth.

RESULTS: We successfully intubated 20 of 20 rats on the 
¿UVW� DWWHPSW� XWLOL]LQJ� WKH� PRGL¿HG� ODU\QJRVFRSH�� $OO� UDWV� ZHUH�
successfully extubated and recovered uneventfully with no evidence 
RI�VLJQL¿FDQW�DLUZD\�WUDXPD�

CONCLUSIONS:�:H�KDYH�FUHDWHG�D�PRGL¿HG�ODU\QJRVFRSH�WKDW�LV�
an effective tool for performing direct laryngoscopy and intubation 
in the small laboratory rat. This blade allows direct visualization 
of the vocal cords in small rodents. We were able to achieve 100% 
VXFFHVV�UDWH�XVLQJ�WKLV�EODGH��:H�IHHO� WKDW�RXU�PRGL¿FDWLRQ�RI�WKH�
Miller 0 blade can help improve success of intubation for the lab 
rat and decrease the overall trauma associated with this procedure. 

)LJXUH����0RGL¿HG�0LOOHU���/DU\QJRVFRSH
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S-11.
LARYNGEAL MASK AIRWAY USE IN  
PATIENTS WITH ELEVATED BODY MASS INDEX,  
A RETROSPECTIVE REVIEW 

AUTHORS: C. Effertz, C. Burkle, M. Walsh

AFFILIATION: Anesthesiology, Mayo Clinic, Rochester, MN

Introduction: The laryngeal mask airway (LMA) was introduced in 
the early 1980’s, and has since become a mainstay in ambulatory 
anesthesia care. The LMA Unique™ is sized by weight with a 
maximum suggested limit of 100kg (size 5 LMA Unique™ package 
instructions). However, with additional provider experience and 
rising patient weights, the device has been pressed into use among 
an increasingly heavier group of individuals. Recent studies have 
also documented this trend.1,2,3

*LYHQ�WKDW�ZHLJKW�DORQH�GRHV�QRW�QHFHVVDULO\�GHWHUPLQH�GLI¿FXOW\��
our retrospective study set out to analyze the success of LMA use 
among patients with elevated body mass index (BMI). We compared 
individuals with elevated BMI (>30kg/m2, >40kg/m2) with those of 
lower mass who were cared for in our ambulatory surgery center.

METHODS: Following Institutional Review Board approval, 
electronic medical records of patients having LMAs (LMA 
Unique™) placed in our ASC between 7/07 and 11/12 were 
analyzed. The total number of LMAs placed over the study period, 
the weight (kg) and height (m) of each patient, whether the device 
required intra-operative exchange to EI, and rates of elevated end 
tidal CO2 (ETCO2), inspiratory airway pressure (PIP), decreased 
SpO2, aspiration and bronchospasm were measured. When 
assessing event marker differences between patient populations 
����NJ�P2 vs >30kg/m2�� ���NJ�P2 vs >40kg/m2), p<0.05 was 
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

RESULTS: A total of 12395 patients had LMAs placed over the 
VWXG\�SHULRG� ������ ����NJ�P2); 4440 (>30kg/m2��� ������ ����NJ�
m2); 583 (>40kg/m2)). (Tables 1, 2) Rates of exchange of LMA to EI 
were higher in the >30kg/m2 and >40kg/m2 cohorts (1.4% vs 0.6%; 
2.2% vs 0.8% respectively p<0.001). The incidence of increased 
end tidal CO2, PIP and decreased SpO2 were also greater among 
the >30kg/m2 and >40kg/m2 patient cohorts. (Tables 1, 2) Very few 
episodes of aspiration (n=3) and no episodes of bronchospasm were 
reported in any group.

CONCLUSIONS:� 7KH� UHVXOWV� RI� RXU� VWXG\� FRQ¿UP� WKH� SRSXODU�
and effective use of the LMA in outpatient settings. Nearly 13,000 
LMAs were placed in a 5 year period with less than a 1% requiring 
exchange to EI. Our results suggest that oxygenation and ventilation 
FDQ�EH�PRUH�GLI¿FXOW�ZLWK�/0$�XVH�LQ�SDWLHQWV�ZLWK�%0,¶V�!���NJ�
m2. Our study has the limitation of utilizing surrogate markers to 
GH¿QH�GLI¿FXOWLHV�ZLWK�/0$�XVH��$�PRUH�H[WHQVLYH�FKDUW�DQDO\VLV�
would be required to establish whether these surrogate markers 
DUH�FOLQLFDOO\�VLJQL¿FDQW��7KHVH�UHVXOWV�GR�VKRZ�WKDW�WKH�/0$�LV�DQ�
effective airway tool in the outpatient setting and that it may be used 
safely in larger patients when vigilantly monitored.

REFERENCES:

1.  Doyle DJ, et al. Airway management in a 980-lb patient: use of 
the Aintree intubation catheter. J Clin Anesth. 2007;19:367-369.

2.  Natalini G, et al. Comparison of the standard laryngeal mask 
airway and ProSeal laryngeal mask airway in obese patients. Br 
J Anaesth. 2003;90(3):323-326.

3.  Zoremba M, et al. Comparison between intubation and the laryn-
geal mask airway in moderately obese adults. Acta Anaesthesiol 
Scand. 2009;53:436-442.
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S-12.
3-DIMENSIONAL DIRECT LARYNGOSCOPY – A 
FEASIBILITY STUDY

AUTHORS: J. M. Watkins-Pitchford 

AFFILIATION: Anesthesiology, Richmond VAMC, Richmond, VA

INTRODUCTION: Conventional direct or video laryngoscopy 
DIIRUGV� D� PRQRFFXODU� ¿HOG� RI� YLHZ�� ZLWK� OLWWOH� SHUFHSWLRQ� RI�
depth. The normal inter-occular stereoscopic base is too wide for 
ELQRFFXODU���GLPHQVLRQDO�YLVRQ�LQ�GLUHFW�ODU\QJRVFRS\��$�PRGL¿HG�
commercially available camera allows still and video stereoscopic 
layngoscopy, giving realistic images with true depth perception to 
aid instrumentation and diagnosis in the upper airway.

METHODS:�$� )XML�:�� FDPHUD� ZDV� ¿WWHG� ZLWK� D� PDFUR� SULVP�
(Cyclopital3D Inc), and a +2D close-up meniscus (Neewer). The 
camera zoom was adjusted for minimal vignetting, and the camera 
stereo image offset was centered for subjectively easy viewing. 
7KH�ÀDVK�ZDV� GLVDEOHG��$�0DFLQWRVK� �� EODGH�ZDV� LQVHUWHG� LQWR� D�
rescuscitation training manikin, to view the vocal cords. The 
camera was then moved in place of the laryngoscopist’s eye, the 
��GLPHQVLRQDO�YLHZ¿QGHU�JXLGLQJ�H[DFW�SODFHPHQW�

Stereoscopic still or video images are captured easily.

The camera “.mpo”-format (Multi Picture Object) images are

displayed by the camera or a 3-D capable TV. The .mpo images are 
also split into left and right images of stereo pairs by software such 
as mposplit, or the author’s splitmpo.sh (International Stereoscopic 
Union). These split and generate stereo pairs from a single or 
EDWFKHG� ¿OHV�� 5LJKW�OHIW� SDLUV� DUH� SULQWHG� RU� FRPSXWHU�GLVSOD\HG�
for Holmes-type, cross-eyed, over-under, or red-cyan anaglyph 
YLHZLQJ��7KH�VWHUHR�RSWLFDO�EDVH�RI�WKH�PRGL¿HG�FDPHUD�LV���PP�

RESULTS: Example images are a red-cyan anaglyph to be viewed 
with red-cyan glasses, and the same image presented as a “croos-
eye” stereo pair, best viewed without special equipment using a 
cross-eyed gaze to the opposite images until they perceptually fuse 
LQWR�D�VLQJOH�FHQWUDO��'�LPDJH��7KH�PRGL¿HG�FDPHUD�LV�VKRZQ�

Proprotionate example geometry for a laryngoscope blade-mounted 
camera (see Conclusions):

stereo base 10mm, stereo angle of convergence 8 degrees:

Working distance - 0.5mm tan8 = 35mm or 1.4”

CONCLUSIONS: Direct laryngoscopy and intubation requires 
manipu lation in 3 dimensions, usually with only one eye, or a 
single video-laryngoscope camera. Stereoscopy restores visual 
depth. The Cyclopital prism reduces the stereoscopic optical base 
from a normal interoccular distance of 70mm to 25mm, allowing 
binoccular stereoscopy at short working distances from outside 
the mouth. However, if the stereo camera were to be placed in a 
conventional video laryngoscope blade, proportionate calculations 
of the geometry indicate a suitable optical base of only 10mm or less 
for the decreased wortking distance. We suggest this should make 
the construction of a practical stereo video laryngoscope enterely 
feasible, with commercially available 3D displays as found on 
current cell phones and game devices.

REFERENCES:

1.  International Stereo Union. (http://www.stereoscopy.com/isu/) 
for image processing software and stereoscopic geometry.
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An mpo splitting software. 
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SIMULATION AS A SET-UP FOR TECHNICAL  
MASTERY: CAN A HIGH-FIDELITY VIRTUAL WARM-UP 
IMPROVE RESIDENT PERFORMANCE OF  
FIBEROPTIC INTUBATION? 

AUTHORS: S. T. Samuelson 

AFFILIATION: Anesthesiology, Icahn School of Medicine at 
Mount Sinai, New York, NY

BACKGROUND: Fiberoptic intubation (FOI) is an essential 
procedure for anesthesiology residents to master during training. 
However, FOI is an advanced technical skill with a steep learning 
curve, and traditional training may not enable novice practitioners 
to safely perform this procedure under pressure. Recently in the 
surgical literature, a virtual “warm-up” has been described to prime 
a practitioner’s skillset immediately before performing challenging 
procedures.1,2 This study examines whether a similar warm-up can 
improve resident performance of FOI in the operating room using 
speed and graded technical performance as benchmarks.

METHODS: CA1 and CA2 anesthesiology residents were 
recruited to perform elective asleep oral FOI in the operating 
room. Residents in a warm-up cohort underwent a 5-minute guided 
exercise immediately prior to live FOI using a virtual bronchoscopy 
simulator, while those in the control cohort performed FOI without 
the warm-up. All subjects were timed achieving FOI and were 
graded on a 45-point validated skills scale by blinded observers. 
Previous resident FOI experience was determined by total number 
of FOI completed prior to sampling and time elapsed since the most 
recent attempt. To control for factors intrinsic to individuals (e.g. 
hand-eye coordination), all subjects completed a second FOI after 
a two-week washout period as a member of the opposite cohort. 
Mean scaled scores and times were calculated and multivariate 
analysis was performed to determine the effect of warm-up on time 
to achieve FOI and cumulative global skills score.

RESULTS: 33 anesthesiology residents were recruited, of which 
22 were CA1 residents and 11 were CA2s. On univariate analysis, 
warmup was associated with a 43% decrease in time to achieve 
FOI in CA1 residents (mean 60 vs. 34 sec) and a 17% decrease for 
CA2s (32 vs. 26 sec), and was associated with a 9-point increase in 
global skills score for CA1 residents (mean 31 vs. 40) and a 3-point 
increase for CA2s (mean 39 vs. 42). Controlling for experience and 
intrinsic factors, virtual warm-up conferred a 37% reduction in time 
to achieve FOI for CA1s (mean 35 vs. 57 sec, p<0.0001) while time 
savings for CA2s increased to 26% (mean 23 vs. 31 sec, p=0.01). 
Global skills score increased by 4.8 points for CA1s (mean 32.8 vs. 
37.6, p<0.0001) and 5.1 points for CA2s (37.7 vs. 42.8, p<0.0001). 
&URVVRYHU�VHTXHQFH�ZDV�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW�

CONCLUSIONS: 9LUWXDO�ZDUP�XS�VLJQL¿FDQWO\�LPSURYHG�UHVLGHQW�
performance of FOI as measured both by speed and by scaled 
VNLOOV� HYDOXDWLRQ�� :DUP�XS� FRQYH\HG� D� VLJQL¿FDQW� EHQH¿W� HYHQ�
when controlling for prior experience level and intrinsic hand-
eye coordination. For residents as well as more experienced 
SUDFWLWLRQHUV��JUHDWHU�VSHHG�DQG�HI¿FLHQF\�JDLQHG�E\�YLUWXDO�ZDUP�
XS�SULRU�WR�OLYH�)2,�PD\�FRQIHU�FOLQLFDO�EHQH¿W��DV�WLPH�VDYHG�GXULQJ�
intubation could be an important consideration in sicker patients.
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THE INTRA-CUFF PRESSURE DOES NOT REFLECT THE 
PRESSURE EXERTED ON THE TRACHEAL WALL: AN IN 
VITRO STUDY USING ORIGINAL TRACHEAL MODEL

AUTHORS: M. Nagai1, N. Morioka1, H. Ishii2, Y. Kasuya1,  
M. Kinoshita1, R. Kanamori1, M. Ozaki1 

AFFILIATION: 1Anesthesiology, Tokyo Women’s Medical 
Univer s ity, Tokyo, Japan, 2Research Institute of Engineering and 
Science, Waseda University, Tokyo, Japan

INTRODUCTION: The cuff pressure of the endotracheal tube 
must be high enough to seal the trachea, preventing aspiration of 
the oropharyngeal secretions and avoiding air leaks. It must also 
be low enough to allow adequate perfusion of the tracheal mucosa. 
Clinically, the intra-cuff pressure (CP) is adjusted to within an 
acceptable range. However, it is not the CP but the tracheal wall 
SUHVVXUH��:3��H[HUWHG�RQ�WKH�WUDFKHDO�ZDOO�E\�DQ�LQÀDWHG�FXII�WKDW�
determines the risk of complications associated with mechanical 
ventilation. We assumed that the pressure on the tracheal wall would 
EH�LQÀXHQFHG�E\�WKH�VKDSH�RI�WKH�HQGRWUDFKHDO�WXEH�FXII��7KHUHIRUH��
elucidating the tracheal wall pressure is useful for evaluating these 
FRPSOLFDWLRQV��0HDVXULQJ�WKH�:3�LWVHOI�LV�WHFKQRORJLFDOO\�GLI¿FXOW��
and few reports have measured the WP at a few points.1,2,3 The 
purpose of this study is to set up an original in vitro tracheal model 
to measure the WP and compare the WP exerted by various shapes 
RI�LQÀDWHG�FXIIV�XQGHU�WKH�VDPH�&3�

MATERIALS AND METHODS: The cylindrical rigid tracheal 
model with an inner diameter of 18 mm was made using a 3D 
printer. To measure the WP exerted by an intubated tracheal tube 
cuff, a thin pressure sensor sheet was installed inside the tracheal 
model. The pressure sensor sheet had a 0.1 mm thickness and a 1.91 
mm spatial resolution. The sensor sheet was calibrated by pressing 

S-15 • CONTINUED ON NEXT PAGE

an equally expanded balloon with a known pressure into the 
tracheal model before the tests. Endotracheal tubes with three cuff 
shapes (spindle shape, high volume shape, and tapered shape) were 
intubated into the tracheal model. (Figure 1) The inner diameter of 
each tube was 8 mm, and the outer diameter of the tube was 10.9 
mm for the spindle and high volume shapes and 10.8 mm for the 
tapered shape. The CP was controlled using a digital automated cuff 
pressure manometer. The WP was measured as the tracheal tube 
FXII�ZDV�LQÀDWHG�IURP���WR����FP+2O at increments of 5 cmH2O. 
Experiments were performed six times with the three types of tubes 
in a randomized order.

RESULTS: Figure 2 shows the averaged WP calculated from the 
overall sensing points. The slopes of the regression lines are 0.0341, 
0.0457, and 0.0357 for the spindle, high volume, and tapered shapes, 
respectively. The WP increased almost linearly as the CP increased. 
The extent of the changes in WP showed differences among these 
three cuff shapes. Figure 3 shows the proportion of the sensing 
points, which output more than 3 kPa to all of the sensing points 
at each CP. These proportions at 10, 30, 90 cmH2O of CP are also 
shown in Figure 4 and were different among the three kinds of cuff 
shapes. Near 30 cmH2O of CP, more than 3 kPa points increased 
VWHHSO\�DW�DQ\�VKDSH�RI�FXII��7KHVH�¿QGLQJV�VXJJHVW�WKDW�WKH�VKDSH�RI�
WKH�FXII�LQÀXHQFHV�WKH�SUHVVXUH�RQ�WKH�WUDFKHDO�ZDOO��DQG�WKH�&3�GRHV�
QRW�GLUHFWO\�UHÀHFW�WKH�:3�

CONCLUSIONS: Our in vitro tracheal model revealed that the 
shape of the endotracheal tube cuff affects the tracheal wall pressure 
H[HUWHG�E\�WKH�LQÀDWHG�FXIIV�

REFERENCES:
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S-16.
INCIDENCE AND MORTALITY OF ANESTHESIA-
RELATED PULMONARY ASPIRATION: A SINGLE  
CENTRE EXPERIENCE 

AUTHORS: J. Renner, O. Broch, H. Francksen, A. Carstens

AFFILIATION: Anaesthesiology and Intensive Care Medicine, 
University Hospital Schleswig-Holstein, Campus Kie, Kiel, 
Germany

INTRODUCTION: 6LQFH� WKH� RI¿FLDO� KRXU� RI� ELUWK� RI� JHQHUDO�
DQHVWKHVLD�LQ�������WKH�¿UVW�SXEOLF�GHPRQVWUDWLRQ�RI�HWKHU�DQDHVWKHVLD�
at Massachusetts General Hospital in Boston, pulmonary aspiration 
is a relatively rare event associated with anesthesia. In 1848 J.Y. 
6LPSVRQ� UHSRUWHG� WKH� ¿UVW� DVSLUDWLRQ�UHODWHG� GHDWK� LQ� D� \RXQJ�
girl receiving a chloroform-based general anesthesia. However, 
despite tremendous innovations during the last decades, aspiration 
is an important cause of anesthesia-related relevant morbidity and 
mortality1,2. The aim of the present investigation was to provide 
single-centre based data from a german university hospital 
regarding incidence, morbidity, mortality and associated risk factors 
of anesthesia-related pulmonary aspiration.

MATERIALS AND METHODS: At the University Hospital of 
Schleswig-Holstein, Campus Kiel, Department of Anaesthesiology 
and Intensive Care Medicine, archived data base of bronchoscopic 
reports of the last 20 years were reviewed (n=3000) regarding the 
diagnosis “pulmonary aspiration”. In case of suspected anesthesia-
related pulmonary aspiration a bronchoscopy was performed 
to ensure or to rule out the aspiration (n=150). We considered 
SXOPRQDU\� DVSLUDWLRQV� SHU� GH¿QLWLRQ�� LI� WKH� LQFLGHQFH� WRRN� SODFH�
between induction of general anesthesia and 24 hours after 

completion of anesthesia. Primarily we included all patients in 
whom the bronchoscopic diagnosis of aspiration was considered 
to be certain, likely or feasible. After analysing the individual 
medical notes of each patient, we excluded all the patients in whom 
the diagnosis “pulmonary aspiration” was the reason transferring 
them to our hospital for further therapy (n=6), in whom the medical 
history report was incomplete (n=10). At the end of the analysis 
53 patients out of 150 with suspected aspiration ended up with 
anesthesia-related pulmonary aspiration.

RESULTS: In total 342.317 anaesthesia’s were performed during 
WKH�SHULRG�RI�REVHUYDWLRQ��:H�YHUL¿HG����FDVHV�RI�DQHVWKHVLD�UHODWHG�
pulmonary aspiration, which equals an incidence of 1.6/10.000 
or 1 aspiration per 6452 anaesthesia’s. All incidences took place 
during general anesthesia; 33 were associated with induction of 
DQHVWKHVLD�����RFFXUUHG�ZLWKLQ�WKH�¿UVW���K�DIWHU�JHQHUDO�DQHVWKHVLD�
(Figure 1, 2). 17 patients died (32%; 1/20.118) during hospital 
stay. In consideration of the complexity of the underlying illness 
LQ�SULQFLSOH�� LQ���SDWLHQWV� WKH�SXOPRQDU\�DVSLUDWLRQ�ZDV� LGHQWL¿HG�
to be the primary cause of death (11%; 1/57.000). As co-factors 
associated with a higher incidence and mortality of aspiration we 
LGHQWL¿HG�DGYDQFHG�DJH��$6$�FODVVL¿FDWLRQ��,,,�DQG�DQHVWKHVLD�WRE�
e performed between 8 pm and 6 am.

CONCLUSION: Anesthesia-related pulmonary aspiration is still 
a rare but relevant complication, especially in patients showing a 
VSHFL¿F�FRPELQDWLRQ�RI�DVVRFLDWHG�ULVN�IDFWRUV�VXFK�DV�DJH��KLJKHU�
$6$�FODVVL¿FDWLRQ��HPHUJHQF\�VXUJHU\�EHWZHHQ���SP�DQG���DP�

REFERENCES:
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INFLUENCE OF GLIDESCOPE ASSISTED 
ENDOTRACHEAL INTUBATION ON INTRAOCULAR 
PRESSURE

AUTHORS: N. Ahmadi1, A. Zahoor1, S. Motowa1, W. Riad2

AFFILIATION: 1Anesthesia, King Khaled Eye Specialist Hospital, 
Riyadh, Saudi Arabia, 2Anesthesia, Toronto Western Hospital, 
Toronto, ON, Canada

INTRODUCTION: Direct laryngoscopy to facilitate tracheal 
intubation is traditionally performed by Macintoch laryngoscope. 
This manoeuvre is associated with increased intraocular pressure 
(IOP), tachycardia and hypertension . These changes are not suitable 
in ophthalmic patients like preexisting glaucoma and open globe 
injury. GlideScope video laryngoscope functions independent 
of the line of sight, reduces upward lifting forces to expose the 
glottis and requires less cervical neck movement for intubation 
making the Glidescope potentially less stimulating than Macintosh 
laryngoscope.1,2,3 Aim of study was to assess the variations in IOP 
and hemodynamic changes after glidescope assisted intubation.

METHODS: After approval of the local IRB and informed patient 
consent, 50 adult ASA I & II patients with normal intraocular pressure 
were enrolled in prospective, randomized study for ophthalmic 
surgery requiring tracheal intubation. Anesthesia was achieved with 
fentanyl and propofol and rocuronium. Patients randomly selected 
by computer-generated number to use either Glidescope (group 1) 
or Macintoch laryngoscope (group 2) for intubation. IOP of non-
operated eye, heart rate, blood pressure and duration of intubation 
were measured baseline,1 minute after induction, one minute and 
¿YH�PLQXWHV�DIWHU�WUDFKHDO�LQWXEDWLRQ��3RZHU�DQDO\VLV�LQGLFDWHG�WKDW�

25 patients were required in each arm to detect a difference of 30% 
in the intraocular pressure with 80% power and alpha error set to 
0.050 two-sided. Statistical analysis was done using SPSS version 
19. Differences between Glidescope and Macintosh in intubation 
time, intraocular pressure (IOP), heart rate and mean arterial 
pressure (MAP) were tested by Mann-Whitney U test. A p value 
OHVV�WKDQ������ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

RESULTS: Demographic and clinical data was similar among 
both groups for age, sex, weight, height, Mallampati/ ASA 
FODVVL¿FDWLRQV�RU�GXUDWLRQ�RI�VXUJHU\��,QWUDRFXODU�SUHVVXUH�ZDV�QRW�
VLJQL¿FDQWO\� GLIIHUHQW� EHWZHHQ� JURXSV� EHIRUH� DQG� DIWHU� DQHVWKHWLF�
LQGXFWLRQ� DQG� ¿YH� PLQXWHV� DIWHU� WUDFKHDO� LQWXEDWLRQ� �3�  � �������
�������������UHVSHFWLYHO\���7KH�RQO\�VLJQL¿FDQW�GLIIHUHQFH�ZDV�IRU�
IOP for non operative eye at one minute after intubation (p=0.041) 
)LJ����1R� VLJQL¿FDQW�GLIIHUHQFH�QRWHG�EHWZHHQ� WKH� WZR�JURXSV� LQ�
Mean arterial pressure (P = 0.899, 0.62, 0.47, 0.82 respectively) 
and in the Heart rate (P= 0.21, 0.72, 0.07, 0.29 respectively) at all 
measurement levels. Duration of intubation was slightly longer in 
Glidescope compare to Macintoch group (20.12 ± 8.05 and 16.12 
�������VHFRQGV�UHVSHFWLYHO\��EXW�WKLV�GLIIHUHQFH�ZDV�QRW�VLJQL¿FDQW�
statistically (p= 0.079).

CONCLUSION: Glidescope may be preferable for use in patients 
in whom a rise in IOP is undesirable. However, further clinical 
WULDOV� DUH� QHHGHG� LQ� D� ODUJHU� SRSXODWLRQ� WR� HYDOXDWH� WKH� EHQH¿W� RI�
Glidescope.

REFERENCES: 
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INCIDENCE OF DIFFICULT INTUBATION AND 
ASSOCIATED RISK FACTORS IN A PRIVATE HOSPITAL IN 
SÃO LUIS

AUTHORS: C. M. Oliveira1, E. R. Moura1, I. K. Moraes1,  
L. G. Baaklini2 

AFFILIATION: 1Anesthesia, Hospital São Domingos, São Luis, 
Brazil, 2Anesthesia, Hospital São Domingos, Marilia, Brazil

INTRODUCTION: The principal cause of death in anesthesia 
LV� UHODWLYH� WR� WKH�GLI¿FXOW� DLUZD\�PDQDJHPHQW1. Thus, we decided 
WR� LQYHVWLJDWH� WKH� LQFLGHQFH� RI� GLI¿FXOW� LQWXEDWLRQ� DQG� WR� LGHQWLI\�
LQGHSHQGHQW� FOLQLFDO� SUHGLFWRUV� WR� SUHYLHZ�GLI¿FXOW� DLUZD\� GXULQJ�
the preoperative period.

METHODS: After approval by the local Research Ethics 
Committee and written consent, the sample consisted of outpatients, 
aged over 16 years undergoing general anesthesia for elective 
surgical procedures from March to May 2012. In the preoperative 
period, all patients were evaluated about age, sex, height, weight, 
BMI, and ASA physical status. The anatomical parameters 
assessment was based on the Mallampati index, thyromental and 
sternomental distances, mouth opening, cervical spine extension 
DQG�PDQGLEXODU�PRUSKRORJ\��'LI¿FXOW�LQWXEDWLRQ�ZDV�FRQVLGHUHG�DV�
JUDGH�,9��DFFRUGLQJ�WR�&RUPDFN�/HKDQH�FODVVL¿FDWLRQ�V\VWHP��)RU�
statistical analysis, we used Excel software for descriptive statistics. 
)RU� FRUUHODWLRQ� DQDO\VLV� RI� WKH� SRWHQWLDO� ULVN� IDFWRUV� IRU� GLI¿FXOW�
airway was used the chi-square test. Relative risk of the risk factors 
ZDV� FDOFXODWHG�� $� YDOXH� RI� S������ ZDV� FRQVLGHUHG� VLJQL¿FDQW��
Results

The sample consisted of 324 patients, that the major part was 
between 16 and 39 years old, non-obese (<30kg/m2) and ASA I-II 
(Table 1).

6L[WHHQ� SHU� FHQW� RI� WKH� SDWLHQWV� SUHVHQWHG� GLI¿FXOW� LQWXEDWLRQ�
during the anesthesia (Figure 1). Inside this group of patients, 52% 
SUHVHQWHG�REHVLW\��%0,����NJ�P2) (Figure 2). In relation to relative 
risk, it was demonstrated greater risk with mandibular morphology 
than either clinical signs (about 6.5).

CONCLUSIONS: In our study, it was found 16% of patients with 
GLI¿FXOW� LQWXEDWLRQ�� WKDW� LV� DQ� XQXVXDO� UHVXOW2. This is probably 
because of the anatomical characteristics of the population attended 
in the hospital. Obesity was the most frequent risk factor present 
LQ�WKH�SDWLHQWV�ZLWK�GLI¿FXOW�LQWXEDWLRQ��������+RZHYHU��ZKHQ�ZH�
observed the table of relative risk of each risk factor, patients with 
micrognathia or macrognathia presented greater risk than the others 
(about 6.5).

Several studies have examined a combination of factors, trying 
WR� LPSURYH�RQ� WKH�SUHGLFWLRQ�RI� D� GLI¿FXOW� DLUZD\��2QH� VWXG\3 on 
the combination of neck circumference (>43cm) and Mallampati 
score (>3) found that the combination was better than either factor 
alone with a PPV of 44%. Another article4 on the combination 
of the Mallampati score (>3) and thyromental distance (<6cm) 
GHPRQVWUDWHG�LPSURYHG�SUHGLFWLRQ�RI�GLI¿FXOW�LQWXEDWLRQ��5DR�DQG�
colleagues5 reported that positioning obese patients so that the ear is 
aligned with the sternal notch (the ramp position) seemed to facilitate 
tracheal intubation. Our study was responsible for organizing our 
anesthesia service. Moreover, we draw the attention of the teams of 
VXUJHU\�DQG�QXUVLQJ�IRU�WKH�ULVN�RI�GLI¿FXOW�LQWXEDWLRQ��

REFERENCES: 
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ANESTHESIA AND INCREASED HYPERCARBIC  
DRIVE IMPAIR THE COORDINATION BETWEEN 
BREATHING AND SWALLOWING

AUTHORS: O. M. D’Angelo, J. C. Simons, D. Diaz Gil,  
C. Gianatasio, C. Rosow, E. Pierce, M. Eikermann 

AFFILIATION: Anesthesia, Critical Care and Pain Medicine, 
Massachusetts General Hospital, Boston, MA

INTRODUCTION: During procedural sedation, protective airway 
UHÀH[HV� DQG� WKH� DELOLW\� WR� VZDOORZ� QRUPDOO\� FDQ� EH� LPSDLUHG��
Swallowing can occur normally prior to or during expiration or 
pathologically during inspiration. The aspiration risk is more 
likely to be increased if swallowing occurs just prior to or during 
inspiration1. Currently, it is unclear if the incidence and timing of 
swallowing are modulated by anesthetics or changes in ventilatory 
GULYH�� :H� K\SRWKHVL]H� WKDW� SURSRIRO� DQG� VHYRÀXUDQH� DIIHFW� WKH�
incidence and timing of swallowing, and increasing ventilatory 
drive with CO2 can modulate these effects.

METHODS: Following IRB approval, we studied 11 ASA 
I, volunteers aged 18-45 as part of a protocol that has been 
described previously2�� %ULHÀ\�� K\SRSKDU\QJHDO� SUHVVXUH� ZDV�
measured with a Millar catheter threaded nasally and secured by 
D�QDVDO�PDVN��FRQQHFWHG�WR�D�KLJK�ÀRZ�FLUFXLW��3QHXPRWDFKRPHWU\�
DQG� FDSQRPHWU\� ZHUH� XVHG� WR� PHDVXUH� DLUÀRZ� DQG� 3(7&2���
Intramuscular genioglossus (GG) electrodes were used to measure 
phasic GG EMG. Equianesthetic doses (titrated to pain stimulus) 
RI� SURSRIRO� �7&,�� DQG� VHYRÀXUDQH�ZHUH� DSSOLHG� LQ� D� UDQGRPL]HG�
cross over fashion. During wakefulness and anesthesia, the presence 
of spontaneous swallows was measured during inspiration and 
expiration. Measurements were also made during CO2�LQVXIÀDWLRQ�

S-20 

in order to obtain stable PETCO2 levels of 4 or 8 mmHg (all CO2 
driven swallows are combined for analysis). The presence of a 
VZDOORZ�ZDV�GH¿QHG�DV�D������LQFUHDVH�LQ�**�DFWLYLW\��GHJOXWLWLRQ�
apnea, and an increase in hypopharyngeal pressure by 15 cmH20. 
Swallows were categorized as expiratory (physiological) or 
inspiratory (pathological) (Fig.1)3. We analyzed the data with a 
mixed linear model to identify the effects of anesthesia and/or the 
CO2-induced increase in ventilatory drive on swallows/hour and the 
percentage of expiratory vs. inspiratory swallows.

RESULTS: 202 episodes met the criteria for swallows. There was a 
VLJQL¿FDQWO\�ORZHU�QXPEHU�RI�VZDOORZV�KU�GXULQJ�DQHVWKHVLD���������
������YV��ZDNHIXOQHVV�������������������S��������EXW�QR�VLJQL¿FDQW�
GLIIHUHQFH� EHWZHHQ� SURSRIRO� ������ �� ������ DQG� VHYRÀXUDQH� �����
± 2.31) (p = .421). The incidence of inspiratory swallows was 
higher during anesthesia vs. wakefulness (26.7% vs.3.1%, p <.001) 
(Fig. 2). The incidence of inspiratory swallows was higher when 
ventilatory drive was increased by hypercapnia during anesthesia 
(38.5% vs. 12.1%, p=0.047) (hypercapnia led to an average increase 
in minute ventilation of 0.54 L/min).

CONCLUSIONS:�6HYRÀXUDQH�DQG�SURSRIRO�GHFUHDVH�WKH�IUHTXHQF\�
of swallowing and increase the likelihood that a swallow will occur 
during or just prior to inspiration. This is likely to increase the risk 
for pulmonary aspiration. An increase in ventilatory drive – which 
may occur during procedural sedation in response to increased 
EtCO2 or a strong pain stimulus, further increases the likelihood of 
a inspiratory swallow and increases the risk for aspiration.

REFERENCES:

1. )URQW��3K\VLRO� 2012. vol. 3, p. 489

2. ASA meeting. 2013. [abstract]
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S-21.
CAN ULTRASOUND SCAN OF THE AIRWAY BE USED TO 
PREDICT DIFFICULTY OF AIRWAY MANAGEMENT? A 
COMPUTERIZED TOMOGRAPHY VALIDATION STUDY

AUTHORS: F. W. Abdallah1, S. Abbas2, V. Chan1, E. Yu1 

AFFILIATION: 1Anesthesia, University of Toronto, Toronto, 
ON, Canada, 2Anesthesia, Toronto Western Hospital, Toronto, ON, 
Canada

INTRODUCTION:� 'LI¿FXOW� DLUZD\� PDQDJHPHQW� LV� WKH� PRVW�
common cause of major anesthesia-related morbidity and mortality.1 

$VVHVVPHQW�RI� WKH� DLUZD\� WR�SUHGLFW�GLI¿FXOW� DLUZD\�PDQDJHPHQW�
relies on several measurements including visual assessment of the 
Mallampati score, an estimate of tongue volume relative to oral cavity 
volume;2�EXW�WKH�VHQVLWLYLW\�DQG�VSHFL¿FLW\�RI�WKLV�PHDVXUHPHQW�LV�
limited and do not exceed 65%.3�&RQVHTXHQWO\��GLI¿FXOW�DLUZD\�PD\�
not be discovered until laryngoscopy is attempted, a situation that 
carries potential risks. Additional bedside tests that increase the 
FDSDFLW\� WR� SUHGLFW� GLI¿FXOW� DLUZD\� PDQDJHPHQW� ZRXOG� LPSURYH�
safety. Ultrasound (US) airway scan is a simple non-invasive test 
that permits visualization and measurement of tongue and oral 
FDYLW\� GLPHQVLRQV� WKDW� PD\� EH� UHODWHG� WR� SUHGLFWLRQ� RI� GLI¿FXOW�
airway management. However, the exploration of its utility as 
a diagnostic tool is precluded by the lack of proof of its validity 
and reliability. This observational study examines the validity of 
US measurement of tongue thickness relative to oral cavity height 
as an estimate of tongue volume relative to oral cavity volume by 
comparison to Computerized Tomography (CT). We also assess the 
inter- and intra-observer reliability.

S-21 

METHODS: We recruited 42 adults undergoing high resolution 
CT scan of the head and neck for the management of lymphoma, 
breast, bladder, and cervical cancers. As part of the CT scan, the 
ratio of tongue volume to oral cavity volume was calculated; 
additionally, the ratio of tongue thickness to oral cavity height 
was also calculated. Furthermore, two sonographers separately 
performed US measurements of the ratio of tongue thickness to oral 
cavity height before and after CT scan. All patients had their CT and 
US scans performed in the same supine position with the mouths 
open, after depositing 5 mL of water in the mouth. The open mouth 
simulated airway dimensions in clinical scenarios, while water 
permitted replication of the tongue position and improved palate 
visualization by reducing air attenuation.

RESULTS: We analyzed data from 41 patients. The value of 
Cohen’s kappa statistic for comparison of CT-measured values of 
the ratio of tongue thickness relative to oral cavity height, and the 
ratio of tongue volume to oral cavity volume was 0.94, suggesting 
WKDW� WKH�¿UVW� UDWLR� LV�D�KLJKO\�DFFXUDWH�DSSUR[LPDWH�RI� WKH�VHFRQG��
The kappa value for the comparison of the US-measured values of 
the ratio of tongue thickness relative to oral cavity height, and the 
VDPH�UDWLR�PHDVXUHG�E\�&7�VFDQ�ZDV�������VXJJHVWLQJ�WKDW�WKH�¿UVW�
ratio is an accurate approximation of the second. Furthermore, the 
kappa values for inter- and intra-operator US scans were 0.84 and 
0.81, suggesting strong inter- and intra-operator reliability. 

CONCLUSION: Our results indicate that US is a valid and reliable 
tool for measurement of airway dimensions predictive of airway 
GLI¿FXOW\��)XUWKHU�WULDOV�DUH�QHHGHG�WR�H[SORUH�WKH�XWLOLW\�RI�86�VFDQ�
LQ�WKH�DVVHVVPHQW�RI�GLI¿FXOW\�RI�DLUZD\�PDQDJHPHQW�

REFERENCES:
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S-22.
SUITABILITY OF THE FOREARM FOR AUTOMATED  
NON-INVASIVE BLOOD PRESSURE MEASUREMENT
AUTHORS: N. Rajan, S. L. Rao
AFFILIATION: Department of Anesthesiology, Penn State 
Hershey Medical Center, Hershey, PA
INTRODUCTION: To effectively evaluate treatment of hyper or 
hypotension anesthesiologists must reliably measure blood pressure 
(BP). Accurate BP measurement by an automated instrument is 
dependent on several factors including the use of an appropriate 
sized cuff. The most frequent error in measuring BP was use of an 
LQDSSURSULDWHO\�VL]HG�FXII��ZLWK�XQGHUFXI¿QJ�ODUJH�DUPV�DFFRXQWLQJ�
IRU�����RI�WKH�µPLVFXI¿QJV¶1. Non-invasive blood pressure (NIBP), 
using an oscillometric technique, is traditionally measured by an 
LQÀDWDEOH�FXII�RQ�WKH�DUP��,Q�FHUWDLQ�SDWLHQWV��HLWKHU�EHFDXVH�WKH�DUP�
is too large, or is conical in shape, BP is measured on the forearm. 
However the suitability of the forearm, for reliable BP measurement, 
is not well studied especially in hypertensive or obese patients.
The aim of our study was to determine whether BP measured 
on the forearm displayed a good concordance with the arm BP 
measurement. We compared arm NIBP to forearm NIBP, in 400 
same arm sequential paired BP measurements in 200 adult patients 
awaiting surgery at an ambulatory surgery center (ASC).
METHODS: All patients scheduled for a procedure at our ASC 
have their BP measured in the preoperative holding area. Verbal 
consent was obtained from adult patients (18-85 years) for their 
participation in this study. BP was measured on both the arm & 
forearm of the same limb by using an appropriate sized cuff. The 
DSSURSULDWHQHVV�RI�WKH�FXII�VL]H�ZDV�HQVXUHG�E\�¿UVW�PHDVXULQJ�WKH�
arm & forearm circumference using a measuring tape. A standard, 
small or large adult cuff was used when the circumference was 
25-34 cm,&lt 25cm, or $gt 34 cm respectively. The study was 
conducted as a prospective randomized observational study. When 
WKH�VXEMHFW¶V�VWXG\�,'�ZDV�RGG�%3�ZDV�PHDVXUHG�RQ�WKH�DUP�¿UVW�	�
forearm second & vice versa if the study ID was even. The second 
%3�ZDV�REWDLQHG�ZLWKLQ�WZR�PLQXWHV�RI�WKH�¿UVW�PHDVXUHPHQW��7KH�
level of discomfort reported by patients at each site of measurement 
was documented using the visual analog score (VAS) with zero 
being no discomfort & 10 being unbearable discomfort.
RESULTS: The large adult cuff was used on the arm in about 32% 
of the patients. The forearm NIBP overestimated mean arterial, 
systolic & diastolic pressure. There was close agreement between 
the arm & forearm mean (r=0.71) & diastolic (r=0.78) BP & good 
agreement with respect to systolic BP, (r = 0.79). The mean BP 
measurement obtained on the forearm was on average 5.43 mmHg 
higher than the arm, the systolic BP was 10.66 mmHg higher & the 
diastolic BP was 4.71 mmHg higher in the forearm than the arm.
$129$� GHPRQVWUDWHG� D� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH� LQ�
the discomfort scores between the sites (p < 0.001). The arm 
demonstrated a higher discomfort score than the forearm.
CONCLUSIONS: Reliable NIBP measurements can be obtained 
when an appropriate size cuff is used on the forearm. The forearm 
PD\� EH� D� YLDEOH� FOLQLFDO� DOWHUQDWLYH� LQ� VLWXDWLRQV�ZKHUH� GLI¿FXOW\�
RFFXUV� ZLWK� XSSHU� DUP�1,%3�PHDVXUHPHQW�� 3DWLHQWV� PD\� EHQH¿W�
from an accurate measurement of BP thereby avoiding unnecessary 
WUHDWPHQW�IURP�DQ�HUURQHRXV�PHDVXUHPHQW�FDXVHG�E\�³PLVFXI¿QJ´�
REFERENCE:
1. Circulation 1983; 68:763-766.
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Table 1 Demographics, n=200
Gender 88 men 112 women
Systemic Hypertension 138 no 62 yes
Diabetes Mellitus 179 no 21 yes
BMI > 30 104 no 96 yes
Age in years (mean, SD) 50.55 15.44
BMI 29.77 6.06
Ponderal's Index 17.99 3.79

Table 2. Process Variables
BP Cuff size (no. of patients) Arm (n=200) Forearm (n=200)
Small 9 47
Standard 127 152
Large 64 1

Mean (SD) cm Mean (SD) cm
Upper circumference 32.69 (5.19) 25.60(3.50)
Lower circumference 27.19 (4.14) 18.69(6.58)

Table 3 Outcome Variables
Arm Forearm Pearson 

Correlation 
&RHI¿FLHQW

Mean 
Difference

p-value

SAP mmHg 132 (19) 142 (21) 0.79 10.66 <0.001
MAP mmHg 99 (12) 104 (13) 0.78 5.43 <0.001
DAP mmHg 80 (10) 85 (12) 0.71 4.71 <0.001
Discomfort 
VAS (0-10)

1.13 (2.10) 0.88 (1.95) 0.004
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S-23.
THE CUT-OFF VALUE OF D-DIMER IN  
FRACTURE PATIENTS: SCREENING FOR  
PREOPERATIVE DEEP VEIN THROMBOSIS

AUTHORS: H. Yoshioka, R. Yasumura, M. Kajitani, H. Yamazaki, 
Y. Kobayashi 

AFFILIATION: Anesthesiology, Tokyo Medical Center, Tokyo, 
Japan

INTRODUCTION: Perioperative deep vein thrombosis (DVT) 
is common complications in femoral fracture patients. Several 
studies have evaluated the role of D-dimer assay in detecting DVT. 
However, the diagnostic reliability of D-dimer assay in detecting 
DVT in fracture patients remains unclear. In this study, we aimed 
to determine the preoperative cut-off value of D-dimer for detecting 
DVT in patients with femoral fracture.

METHODS: After IRB approval, we retrospectively collected data 
on all patients who underwent surgery for femoral fractures between 
April 2011 and March 2013. Preoperative D-dimer values and 
diagnostic results from the imaging tests, including color Doppler 
ultrasonography of lower limb deep vein or contrast enhanced 
computed tomography or both were obtained among the patients. 
We compared the D-dimer levels between patients with and without 
DVT. The results were compared using the Mann-Whitney U-test. 
Receiver operating characteristic (ROC) curve analysis was 
performed to determine the preoperative cut-off value of D-dimer.

RESULTS AND MAJOR FINDINGS: During the observation 
period, 200 patients with mean age of 74.5 years (range, 19-98 
years) underwent scheduled femoral fracture surgeries. Of those, 
125 patients were tested for D-dimer before surgery. Eleven patients 
(8.8%) were preoperatively diagnosed as DVT. The median value 
RI�'�GLPHU�ZDV�KLJKHU��S� ���������LQ�SDWLHQWV�ZLWK�'97������ȝJ�
PO��UDQJH������������WKDQ�WKRVH�ZLWKRXW�'97������ȝJ�PO��UDQJH������
��������7KH�RSWLPDO�FXW�RII�SRLQW�RQ�WKH�52&�FXUYH�ZDV�����ȝJ�PO��
The area under the curve (AUC) was 0.79, and the sensitivity and 
VSHFL¿FLW\�ZHUH�������DQG��������UHVSHFWLYHO\��,Q�JHQHUDO��'�GLPHU�
levels are known to represent a wide range of elevation in trauma 
patients regardless of the presence of DVT. In our study, exactly, 
preoperative D-dimer levels of femoral fracture patients were quite 
variable. The large AUC value of 0.79, however, indicates good 
discriminatory ability of the predictive model. Our study suggests 
DQ�RSWLPDO�'�GLPHU�FXW�RII�YDOXH�RI�PRUH�WKDQ�����ȝJ�PO�WR�GHWHFW�
DVT preoperatively.

CONCLUSIONS: The D-dimer assay was useful for screening 
preoperative DVT in femoral fracture patients. In our study, the best 
preoperative cut-off value of D-dimer for predicting preoperative 
'97�SDWLHQWV�ZLOO�EH�DSSUR[LPDWHO\���ȝJ�PO�LQ�VXFK�FDVHV�
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S-24.
EFFECT OF DEXAMETHASONE ON BLOOD  
GLUCOSE IN AMBULATORY SURGERY

AUTHORS: J. A. Polderman, J. H. Eshuis, M. Hollmann, B. Preckel,  
J. Hermanides 

AFFILIATION: Anesthesiology, Academic Medical Centre, 
Amsterdam, Netherlandsm

INTRODUCTION: Dexamethasone (Dxm) is widely used during 
(ambulatory) surgery as a potent antiemetic and potential analgesic 
agent. Currently, the effects of low-dose Dxm on blood glucose are 
unclear. We investigated if blood glucose increases after single low-
dose Dxm and to determine if potential hyperglycemia predisposes 
for complications after ambulatory surgery.

METHODS: In an observational cohort study, patients scheduled 
for ambulatory surgery, aged 18-85 years, were included. Patients 
received Dxm on discretion of the anesthesiologist. Capillary 
blood glucose was measured one hour before- and after surgery. 
Patients were called 3 months later to establish whether there were 
any complications, e.g. death, re-admission, infection, re-bleeding, 
delirium, thrombo-embolic events or other adverse events, after 
discharge. The Wilcoxon signed ranks, the Mann Whitney-U test, 
Pearson Chi Square test and multivariate binary logistic regression 
were used to analyze data.

RESULTS: We included 951 patients in this study, 21 patients were 
excluded due to missing data (Table 1). 

CONCLUSION: %ORRG� JOXFRVH� LQFUHDVHV� VLJQL¿FDQWO\� DIWHU�
a single low dose of Dxm. However, the use of Dxm was not 
associated with postoperative complications.

Table 1: Patient characteristics
No Dexamethasone Dexamethasone p value

Total (%) 514 (55.2) 416 (44.8)
Male (%) 260 (50.7) 218 (52.4) 0.602
Mean age (SD) 47.2 (15.9) 46.8 (15.6) 0.714
Mean BMI (SD) 26.0 (4.9) 25.6 (4.2) 0.169
Diabetes mellitus (%) 42 (8.3) 7 (1.7) <0.001
Complications (%) 58 (16.1) 35 (11.5) 0.086
ASA 1 (%) 291 (56.7) 251 (60.3) 0.171
ASA 2 (%) 207 (40.4) 157 (37.7) 0.171

In total, 416 (44.8%) patients received Dxm (mean 4.2 mg, SD 2.0) during 
VXUJHU\��,Q�SDWLHQWV�UHFHLYLQJ�'[P��PHGLDQ�JOXFRVH�FKDQJHG�VLJQL¿FDQWO\�
IURP�IURP�����PPRO�O�WR�����PPRO�O��S����������¿JXUH�����,Q�SDWLHQWV�QRW�
receiving Dxm, glucose did not change (p=0.1). The median change in 
glucose in patients with diabetes mellitus (DM) who received Dxm was 1.4 
PPRO�O��,45�������7KLV�ZDV�VLJQL¿FDQWO\�GLIIHUHQW�IURP�WKH�SDWLHQWV�ZLWK�'0�
who did not receive Dxm, (p=0.007).

Follow up was completed for 665 (71.6%) patients. A complication occurred in 35 (11.5%) patients receiving Dxm, and 
in 58 (16.1%) patients not receiving Dxm. In the logistic regression analyses Dxm was not associated with development 
RI�UHOHYDQW�K\SHUJO\FHPLD���!�����PPRO�O���ZKHQ�DGMXVWHG�IRU�JHQGHU��DJH��%0,��$6$�FODVVL¿FDWLRQ�DQG�RSHUDWLQJ�WLPH��
Hyperglycemia or Dxm were not associated with postoperative complications.
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S-25.
DEEP SEDATION FOR OMFS USING  
DEXMEDETOMIDINE WITHOUT PROPOFOL

AUTHORS: C. Heard, R. Mireles, J. Eckler 

AFFILIATION: Pediatric Anesthesiology, Women & Children’s 
Hospital of Buffalo, Buffalo, NY

INTRODUCTION: Propofol (PROP) is often used as part of an 
RI¿FH�EDVHG�GHHS�VHGDWLRQ�WHFKQLTXH��$OWKRXJK�LW�LV�FRQVLGHUHG�DQ�
anesthesia induction agent, as an adjunct to fentanyl (FEN) and 
midazolam (MID) in small doses it can provide deep sedation. This 
FRPELQDWLRQ�LV�RIWHQ�XVHG�LQ�WKH�RI¿FH�VHWWLQJ�E\�DQ�2UDO�0D[LOOR�
Facial Surgeon (OMFS). Our department routinely provides the deep 
VHGDWLRQ�IRU�DQ�20)6�LQ�D�GHQWDO�RI¿FH��2YHU�WKH�SDVW�\HDU�ZH�KDYH�
experienced severe shortages of most of the sedation agents we use 
in this clinic. As such we have had to make changes to our sedation 
protocols to accommodate these serious shortages. For a period 
of time we had a severe shortage of PROP and rather than using 
higher doses of fentanyl and midazolam (both also in short supply) 
to provide the deep sedation we decided to use dexmedetomidine 
(DEX) as an adjunct. The lower risk for respiratory depression 
and the synergistic sedative effect that DEX demonstrates would 
allow us to provide deep sedation with a lower risk of respiratory 
depression and avoiding the use of PROP.

METHODS: A QA review of new sedation techniques was used 
WR� HYDOXDWH� WKHLU� HI¿FDF\�� FRPSOLFDWLRQV� DQG� VXUJHRQ� VDWLVIDFWLRQ��
This QA data was collected during the period of drug shortage 
for future consideration of this sedation technique. Data collected 
included patient demographics, depth of sedation, capnography 

cardiovascular parameters and procedure times. IRB approval was 
obtained to review the QA database and medical records.

The sedation method included a single loading dose of DEX (0.7 
mcg/kg) diluted into 4 ml NS. The sedation protocol was: DEX 1ml, 
MID 2mg, DEX 1ml, FENT 100, DEX 1ml, MID 2mg, DEX 1ml at 
1 minute intervals. The DEX load was thus given over 6 minutes as 
the other sedatives were titrated in. If the patient required additional 
sedation for the local anesthetic placement or during the procedure, 
then we used 10mg boluses of propofol as clinically indicated.

Results: During the period of PROP shortage we sedated 53 patients 
using this DEX based sedation technique. The mean age was 17.8 
years,mean weight of 71.9 kg. The mean DEX, MID and FENT 
doses were 50.8 mcg, 4 mg, 99.5 mcg respectively. The DEX load 
was given over a mean time of 6 minutes. PROP was not required 
in 45% of these patients, a further 8 % only required 1 dose (10mg) 
of PROP. The median dose of PROP used was 0.3 mg/kg. The mean 
procedure time including local anesthesia was 20 minutes. The mean 
discharge time was 53 minutes. All patients received dexamethasone 
and 80% received ketorolac. Complications included 5 episodes 
of desaturation (< 90%), 17 episodes of obstruction requiring 
intervention and 3 episodes of bradycardia (HR <45). No treatment 
was required for the bradycardia episodes. Routinely monitored 
parameters are shown in table 1. The heart rate fell during sedation 
but returned to baseline values during the procedure. Patients were 
deeply sedated as per BIS and RASS assessments.

CONCLUSION: Deep sedation without PROP was possible in 
about 50% of the patients, there was some bradycardia noted during 
the DEX load. Respiratory events did occur occurred even with the 
perceived lower risk of using DEX.
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S-26.
A NOVEL SEDATION REGIMEN: ADMINISTRATION OF 
INTRANASAL REMIFENTANIL FOR PEDIATRIC DENTAL 
SEDATION FOR ADJUNCT SEDATION

AUTHORS: C. Heard1, A. Kundra1, T. Gardner2, C. Ciambella1,  
C. Wanamaker2 

AFFILIATION: 1Anesthesiology, Women & Children’s Hospital 
of Buffalo, Buffalo, NY, 2Pediatric Dentistry, Women & Children’s 
Hospital of Buffalo, Buffalo, NY

PURPOSE: Oral midazolam (MID) sedation is often used for 
pediatric dental procedures, however the quality of procedural 
sedation is variable and maybe inadequate for successful procedure 
completion. Intranasal (IN) sedative administration can be a useful 
sedation adjunct, it has a more rapid onset and can be repeated as 
needed. MID can also be given IN, however it burns and often results 
in irritation. Routinely, we have used IN sufentanil, however, due to 
a prolonged drug shortage / unavailability (> 1 year), we decided to 
HYDOXDWH�WKH�HI¿FDF\�DQG�VDIHW\�RI�,1�UHPLIHQWDQLO��5(0,���DQ�XOWUD�
short acting synthetic opiate. There is little published literature on 
this topic. A report of 150 children, given IN REMI as an adjunct to 
LQWXEDWLRQ��GLG�QRW�¿QG�DQ\�SUREOHPV��7KH�NLQHWLFV�GHPRQVWUDWHG�D�
fast onset of IN REMI and a rapid elimination as expected.

METHODS: Children scheduled for elective moderate dental 
sedation procedures were given 0.7 mg/kg oral midazolam. Two 
to four doses (2mcg/kg) of IN REMI (Maximum REMI dose used 
ZDV����PFJ��ZDV�DGPLQLVWHUHG��7KH�¿UVW�GRVH�ZDV�JLYHQ����PLQXWHV�
after the MID dose. The next dose was given when the child was in 
the dental chair. Any subsequent doses were given at a minimum 
of 5 minute intervals at the request of the dentist performing the 

procedure. All patients were monitored with pulse oximetry, HR 
and NIBP. Our QA evaluation process assessed: quality of sedation, 
airway complications and discharge times. The REMI was prepared 
each day at a 100 mcg/ml concentration and administered using a 
MAD atomizer device. The volume for each spray was about 0.3-
����PO��7KH�ULJKW�QDUHV�ZDV�XVHG�¿UVW�DQG�WKHQ�WKH�DOWHUQDWH�QDUHV�
was used for any repeat dosing. After obtaining IRB approval and 
informed consent, we completed a retrospective chart and QA 
database review of this novel sedation technique.

RESULTS: Data was collected on 53 children. The mean age was 
5.5 years (Range 2 - 13), mean weight was 22.6kg (Range 12 - 68). 
The mean MID dose was 12.6. mg, 51% were female. The median 
number of dental procedures performed on each child was 3 (range 
1-9). The mean total dose of REMI given was 111 ± 37 mcg (5.1 
mcg/kg). The median number of REMI doses given was 3 (range 
2-4). The depth of sedation was assessed using the RASS score. The 
median RASS score at: MID dosing, entry into the room, procedure, 
and arrival in PACU were: 0, -1, -1, -1, respectively. The mean 
discharge time was 46 minutes. All procedures were completed 
successfully. There were 2 airway complications noted. Two 
patients had a desaturation to 90, this was treated with supplemental 
oxygen in 1 child (2 REMI doses) and no treatment was required in 
the other (3 REMI doses). There were no episodes of apnea, airway 
obstruction, or bradycardia.

CONCLUSION: The REMI appeared to be an effective adjunct 
to oral MID. Due to its short half-life, repeat dosing of the REMI 
appears necessary to obtain an useful duration of effect. Although 
we had minimal respiratory side effects, as there is a risk of apnea 
and rigidity from this potent opiate we decided to titrate the dosing 
of REMI to the desired effect. The optimal dosage strategy still 
needs to be determined. Please see Figure 1.
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S-27.
ASSESSING A MULTIMODAL CURRICULUM TO  
DEVELOP RESIDENT PROFESSIONALISM AND 
COMMUNICATION SKILLS – A PILOT STUDY

AUTHORS: J. D. Mitchell, C. Ku, V. Wong, L. Fisher, S. Muret-
Wagstaff, S. Cohen, S. B. Jones

AFFILIATION: Anesthesia, Critical Care and Pain Medicine, 
Beth Israel Deaconess Medical Center, Boston, MA

INTRODUCTION: Though critical for patient satisfaction and 
experience of care, professionalism and communication skills are 
often not taught explicitly in residency training.1 The goal in this 
study was to enhance anesthesia residents’ professionalism and 
communication skills. We hypothesized that a targeted simulation 
and web-based curriculum in professionalism and communication 
for anesthesia residents would improve patient satisfaction with 
these aspects of resident performance as measured by a survey tool 
based on the Four Habits Model.2

METHODS: This study was a cohort study of anesthesia residents 
from September 2012 to June 2013 (Figure 1). We adapted a 
previously validated patient survey tool based on the Four Habits 
Model into a 10-question survey for ambulatory surgical patients 
to assess anesthesia residents’ professionalism and communication 
skills.2 After four months of survey data collection, we designed 
and implemented a curricular intervention consisting of three 
simulated scenarios (Table 1). Residents were expected to discuss 
the scenarios during live sessions, view the scenarios and answer 
UHÀHFWLYH�TXHVWLRQV�WKURXJK�DQ�RQOLQH�PRGXOH��RU�ERWK��$IWHU�WKUHH�
months of post-intervention data collection, we compared the pre- 

and post-intervention responses with a chi-squared test for each 
survey question as the primary analysis. To control for resident 
variation, we performed Student’s t-tests on the residents’ average 
UDWLQJV�IRU�TXHVWLRQV�VKRZLQJ�VWDWLVWLFDO�VLJQL¿FDQFH�LQ�WKH�SULPDU\�
analysis. To control for resident variation, we performed Student’s 
t-tests on the residents’ average ratings for questions showing 
VWDWLVWLFDO�VLJQL¿FDQFH�LQ�WKH�SULPDU\�DQDO\VLV���

RESULTS: The response rates for the pre-intervention and post-
intervention surveys were 233/920 (25.3%) and 236/689 (34.3%), 
respectively. 38 residents participated. In the primary analysis, 
pre- and post-intervention responses to the three questions 
FRUUHVSRQGLQJ�WR�WKH�FXUULFXODU�IRFXV�ZHUH�VLJQL¿FDQWO\�GLIIHUHQW��S�
= 0.01, p = 0.048, and p = 0.02; Table 2, Figure 2). When controlling 
for resident variation, differences in the responses to these questions 
ZHUH�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW��7DEOH�������

CONCLUSIONS: We designed a survey to assess residents’ 
professionalism and communication skills from the patients’ 
perspectives. After the curricular intervention, responses to the 
survey questions corresponding to the curricular focus improved, 
EXW�IXUWKHU�UHVHDUFK�LV�QHFHVVDU\�WR�DVVHVV�WKH�FXUULFXOXP¶V�HI¿FDF\�

REFERENCES:

1.  Gaiser RR. The Teaching of Professionalism During Residency: 
Why It Is Failing and a Suggestion to Improve Its Success. 
Anesth Analg 2009;108:948-54.
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Scheme: Validation of an instrument to assess clinicians’ 
communication behavior. Patient Educ Couns 2006;62:38-45.

S-27 • CONTINUED ON NEXT PAGE



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-27 • continued



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-28

S-28.
COMPARISON OF PROPOFOL VS. PROPOFOL/FENTANYL 
ANESTHESIA FOR UPPER GASTROINTENSTINAL 
ENDOSCOPY

AUTHORS: M. Hannallah1, M. Rezai1, J. Carroll2, A. Charabaty2, 
C. Palese2, F. Barton3, N. Haddad2 

AFFILIATION: 1Department of Anesthesia, Georgetown 
University Hospital, Washington, DC, 2Department of Gastroenter-
ology, Georgetown University Hospital, Washington, DC, 3Depart-
ment of Biostatistics, The EMMES Corporation, Rockville, MD

PURPOSE: Propofol is widely used for anesthesia during 
esophagogas tro duodenoscopy (EGD). Its rapid onset and short 
therapeutic effect provides optimal conditions for the endoscopist, 
comfort to the patient, and rapid recovery. Because it has no analgesic 
properties, large doses of propofol are often required to reach the 
adequate anesthesia depth required for the initiation of EGD and 
WKH�DWWHQXDWLRQ�RI�WKH�JDJ�UHÀH[�1,2 This can result in the undesirable 
side effects of airway obstruction and hypotension.3 Opiates have 
anti-gag and anti-cough properties. Fentanyl is therefore frequently 
used in combination with propofol to provide sedation during EGD. 
The synergy that results from combining the 2 drugs, however, 
can increase the potential for apnea and hypotension. This pilot 
study was designed to test the hypothesis that propofol/fentanyl 
combination provides better anesthesia conditions than propofol 
alone during EGD.

METHODS: With IRB approval, 100 consented patients under-
going EGD were enrolled in this double blinded, prospective, 
placebo controlled study. Patients were randomly assigned into 
two groups. In a blinded manner, patients in group A (F/P Group) 
received fentanyl 1 mcg/kg followed by propofol 0.75 mg/kg bolus, 
while patients in group B (P Group) received propofol 1.5 mg/kg 
bolus. In both groups, additional 20 mg propofol boluses were given 

at 1-2 min intervals until adequate depth of anesthesia was reached 
as judged by insertion of a soft rubber nasal airway deep into the 
oro-pharynx. Propofol 150 mcg/kg/min infusion was started. 
The propofol infusion rate was adjusted as needed to maintain 
adequate depth of anesthesia for the procedure. The quality of 
anesthesia was rated by the blinded endoscopist using a 10-point 
scale (10=perfect). Cardiovascular and respiratory variables were 
PRQLWRUHG�QRQLQYDVLYHO\��+\SRWHQVLRQ�ZDV�GH¿QHG�DV�V\VWROLF�EORRG�
pressure <90 mmHg, and hypoxia as arterial O2 saturation <85%. 
The time patients spent in PACU was recorded in an uncontrolled 
way. The patients were contacted the following day to inquire about 
nausea, vomiting or drowsiness. They were asked to rate their 
overall anesthesia experience on a 10-point scale (10=perfect). Data 
from the 2 groups were compared by the Wilcoxon rank test for the 
primary endpoint, by t-test for continuous measures, and by chi-
square for proportions including hypoxia and hypotension.

RESULTS: There was no difference between the 2 groups in 
patient demographics or the duration of the procedures. (Table 
1) Table 2 summarizes the endoscopists evaluation scores. As 
illustrated in Table 3, the endoscopists evaluation scores were 
VWDWLVWLFDOO\� VLJQL¿FDQWO\�KLJKHU� LQ� WKH�)�3�*URXS��)HQWDQ\O� KDG� D�
VWDWLVWLFDOO\� VLJQL¿FDQW� VSDULQJ� HIIHFW� RQ� SURSRIRO� LQGXFWLRQ� GRVH��
1R� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ� WKH� �� JURXSV� ZDV�
found in the other study parameters.

CONCLUSIONS: 

The combination of propofol and fentanyl provides better quality of 
anesthesia than propofol alone during EGD.

REFERENCES:
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S-29.
EFFECT OF SINGLE DOSE IV ACETAMINOPHEN ON 
POSTOPERATIVE/POSTDISCHARGE NAUSEA AND 
VOMITING, PAIN, AND PATIENT SATISFACTION 
IN OUTPATIENTS UNDERGOING LAPAROSCOPIC 
CHOLECYSTECTOMY 

AUTHORS: O. Dowling1, C. Campese2, F. Macchio3, J. Aronsohn3, 
J. Gold4, D. Bosshart5, F. Overdyk3 

AFFILIATION: 1Population Health, North Shore-LIJ Health 
System, Great Neck, NY, 2Anesthesiology, Hofstra North Shore-
LIJ School of Medicine, Manhasset, NY, 3Anesthesiology, Hofstra 
North Shore-LIJ School of Medicine, New Hyde Park, NY, 
4Anesthesiology, North Shore University Hospital, North Shore-
LIJ Health System, Manhasset, NY, 5Anesthesiology, Hofstra North 
Shore-LIJ School of Medicine, Syosset, NY

INTRODUCTION: Outpatient laparoscopic cholecystectomy 
(OLC) is a well established, safe and cost effective option for 
surgical treatment of non-emergent, symptomatic cholelithiasis. 
However, complications such as postoperative pain, postoperative 
and postdischarge nausea and vomiting (PONV/PDNV) can result 
in delayed discharge and unanticipated admissions1,2. Parenteral 
opioids are causative of some of these side effects and thus opioid 
sparing techniques are gaining favor in this population. Intravenous 
acetaminophen (OFIRMEV) has been shown to reduce PONV 
yet not always reduce opioid use3,4. The objective of this study 
is to evaluate the effect of a single intraoperative dose of IV 
acetaminophen (IVA) on pain and PONV in the PACU, and PDNV 
and patient satisfaction, compared to standard practice in OLC 
patients.

METHODS: Following IRB approval and informed consent, 
patients scheduled for non emergent OLC were randomized into 
�� JURXSV�� VWUDWL¿HG� E\� ULVN� IRU� 3219� �����$OO� VXEMHFWV� UHFHLYHG�
opioid and inhalational anesthesia based regimen with preemptive 
antiemetics. One group received 1000mg of IVA after removal of 
the gallbladder but prior to emergence whereas the second group 
received analgesics, including ketorolac, per usual practice. Pain 
was scored with an eleven point NRS before surgery and at 10 

minute intervals in the PACU. The incidence of PONV and rescue 
narcotic doses was documented. PDNV and patient satisfaction was 
assessed within 7 days of surgery.

RESULTS: 

Three sites enrolled 65, ASA I-III adult patients over six months. 
7KHUH�ZHUH�QR�VLJQL¿FDQW�GLIIHUHQFHV�LQ�3$&8�SDLQ�VFRUHV��7DEOH����
at 10min (control group: n=33, mean [SD], 2.3 [3], IVA group (n=32, 
1.4 [3.1]; p=.12) nor at 1hr (control group, 2.1[2.3], vs IVA group, 
2.6 [2.5]; p=0.77). Total opioid dose (intraoperative plus PACU), as 
PHDVXUHG�E\�PRUSKLQH�HTXLYDOHQWV��ZHUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�
between groups (control group, 72 mg [36], vs IVA group, 69 mg 
[36]; p=0.9.)

During PACU stay, 36% of subjects in the control group experienced 
PONV as compared with 21% of the IVA group (p=0.3). Following 
discharge, the overall incidence PDNV was 38% in the control 
group and 14% in IVA group (p =0.08). PDNV was more prolonged 
in the control group, with 24% of control group subjects reporting 
PDNV on day of surgery (DOS) and 7% and 7% on days 2 and 
3 respectively. In the IVA group, patients reported PDNV on DOS 
only, (p <0.05). Patient satisfaction with pain, PONV management 
and overall experience trended in favor of IVA, at 67%, 71% and 
84% respectively in the control group and 84%, 93% and 96% 
respectively in the IVA group (p=0.5; 0.1; 0.4).

Conclusions: Preliminary data indicates a trend of reduced PONV, 
PDNV, and improved patient satisfaction following a single 
pre-emergent dose of IVA, when compared with the standard 
RSLRLG�EDVHG�DQDOJHVLF� UHJLPHQV��)XUWKHU� HQUROOPHQW�ZLOO� FRQ¿UP�
ZKHWKHU� WKHVH� WUHQGV�EHFRPH� VLJQL¿FDQW�EHQH¿WV� WR� WKH�XVH�RI� ,9�
acetaminophen before emergence in OLC.
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S-30.
DEXMEDETOMIDINE INFUSION AS AN ANESTHETIC 
ADJUNCT REDUCES THE UTILIZATION OF 
SEVOFLURANE DURING GENERAL ANESTHESIA 

AUTHORS: I. Russo-Menna

AFFILIATION:Anesthesiology, Division of Pediatric, VCU-HS, 
Richmond, VA

ABSTRACT:The intravenous anesthetic adjunct dexmedetomidine 
(Dex) has been shown to be neuroprotective1,2. Dexmedetomidine 
+&O�LV�DQ�Į��DJRQLVW��,W�PD\�GHFUHDVH�WKH�DPRXQW�RI�LQKDODWLRQ�DJHQW�
required thereby preventing or reducing possible neurotoxic effects 
of volatile agents, smooth emergence, alleviate post-operative pain, 
decrease post-operative nausea and vomiting. In this retrospective 
study, we compared the use of Dex with the concentrations of 
utilized inhaled anesthetics 1,2, 7.

METHODS: One hundred thirty patients were selected from the 
operating room cases at Virginia Commonwealth University in a 
retrospective review. The patients who underwent general anesthesia 
were divided into two matched groups: A) control group (n=80) and 
B) intravenous infusion dexmedetomidine during surgery (n=50). 
7KH�DJH��JHQGHU��ERG\�ZHLJKW�DQG�WKH�HQG�RI�H[SLUDWRU\�VHYRÀXUDQH��
were recorded for each patient during the anesthetic, data collected 
from electronic charting (Innovian electronic record keeping- 
Draeger Inc). Age (years),gender, weight were demographics.. 
$PRXQW� RI� LQKDOHG� VHYRÀXUDQH� �6HYR��� �PLQLPXP� DOYHRODU�
FRQFHQWUDWLRQ�0$&���ZDV�GH¿QHG�DV�SHUFHQWDJH�RI�HQG�H[SLUDWRU\�
inhaled anesthetics mathematically averaged by the record keeper.

RESULTS:�7KH�HQG�RI�H[SLUDWRU\� VHYRÀXUDQH� ���� LQ�'H[�JURXS�
ZDV�VLJQL¿FDQWO\�OHVV�WKDQ�WKDW�LQ�WKH�FRQWURO�JURXS��������������YV��
�������������S����������7KHUH�ZDV�QR�VWDWLVWLF�VLJQL¿FDQW�GLIIHUHQFH�
in ages among groups (47.74±2.2 in Dex group vs. 42.95 ±1.7 
in control group, p=0.09). Further, the reduction of Sevo in Dex 
LQIXVLRQ�JURXS�ZDV�QRW�VLJQL¿FDQWO\� UHODWHG�ZLWK�VH[��JHQGHU��DQG�
weight when compared with control group.

CONCLUSION: An intraoperative infusion of Dex combined with 
inhalation Sevo can reduce the use of Sevo(inhalation anesthetics) 
during general anesthesia.
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S-32.
LIQUID SEVOFLURANE DOES NOT SUPPORT  
BACTERIAL GROWTH

AUTHORS: I. Batai1, I. Z. Batai2, M. Kerenyi2

AFFILIATION:1Anesthesia and Intensive Care, University of 
Pecs, Pecs, Hungary, 2Medical Microbiology, University of Pecs, 
Pecs, Hungary

INTRODUCTION: Bacterial growth in anesthetic vapors has 
been investigated for various reasons. The role of general anesthesia 
using anesthetic vapors in the development of postoperative 
pneumonia has been questioned for a long time. On the other hand 
it was feared that inhalational anaesthesia for bronchoalveolar 
ODYDJH�PD\�LQÀXHQFH�WKH�UHVXOWV� LI� LQKLELWV�EDFWHULDO�JURZWK�LWVHOI��
The previous studies revealed controversial results1,2. In this study 
ZH� H[DPLQHG� EDFWHULDO� JURZWK� LQ� OLTXLG� VHYRÀXUDQH� IRU� DQRWKHU�
reason. Medications used in anesthesia and intensive care may be 
responsible for serious infections if contaminated and supports 
bacterial growth3.

METHODS: The growth of Staphylococcus aureus (American 
Type Culture Collection [ATCC] 25923), Escherichia coli (ATCC 
��������DQG�3VHXGRPRQDV�DHUXJLQRVD��$7&&��������LQ�VHYRÀXUDQH�
ZDV� LQYHVWLJDWHG�� 2QH� P/� VHYRÀXUDQH� ZDV� LQRFXODWHG� ZLWK� WKH�
above strains and kept at room temperature. The initial bacterial 
inoculums were 1,5 x 104 colony forming units (cfu) mL-1. At 0, 1, 
2, 3, 6, 12, and 24 hours 10µL was plated on Mueller - Hinton (MH) 
DJDU��$W����KRXUV�WKH�UHPDLQLQJ�FRQWDPLQDWHG�VHYRÀXUDQH�������/��
was spread on MH agar. Having incubated for 24 hours at 37oC 
the cfu was counted. Three parallels were performed. Saline 0.9%, 
0+�EURWK�FRQWUROV�DQG�VHYRÀXUDQH�VWHULOLW\�FKHFN�ZDV�DOVR�DSSOLHG��
Two-way analysis of variance served as the statistical method.

RESULTS:�7KH�FIX�RI�DOO�H[DPLQHG�VWUDLQV�GHFUHDVHG�VLJQL¿FDQWO\�
following 1 hour exposure. We could detect viable cells of all strains 
after 12 hours exposure. At the end of the experiment (48 h) only a 
few staphylococci survived.

CONCLUSIONS: Our results suggest that bacterial count 
GHFUHDVHV�IDVW�LQ�OLTXLG�VHYRÀXUDQH��+RZHYHU��WKH�IDFWV�WKDW�YLDEOH�
cells can be detected even after 48 hours exposure sterile conditions 
DUH�UHFRPPHQGHG�GXULQJ�VHYRÀXUDQH�KDQGOLQJ�DQG�YDSRUL]HU�¿OOLQJ�

REFERENCES:
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S-33.
REFINED METHODS FOR TAIL VENOUS CATHETER-
IZATION AND INTUBATION FOR TOTAL INTRAVENOUS 
ANESTHESIA IN RATS

AUTHORS: S. K. Puri, J. Li, J. Reyes, V. Le, M. Xiong, J. H. Ye, 
A. Bekker

AFFILIATION: Department of Anesthesiology, Rutgers – New 
Jersey Medical School, Newark, NJ

INTRODUCTION:� 6PDOO� DQLPDO� PRGHOV�� VSHFL¿FDOO\� WKH� UDW��
are commonly used in lab research to study various intravenous 
general anesthetics. However, it is technically challenge to place 
IV cannulation and intubation in small animal for total intravenous 
general anesthesia (TIVA) by a single anesthetic agent because of 
the small subject size and the lack of equipment specially designed 
IRU� WKHVH� WDVNV�� ,Q� WKLV� VWXG\��ZH� GHVFULEH� D�PHWKRGRORJ\� UH¿QHG�
in our lab that encompasses IV placement in the awake rat, rapid 
LQWUDYHQRXV� LQGXFWLRQ�� DQG� LQWXEDWLRQ� ZLWK� UH¿QHG� ODU\QJRVFRSH��
maintenance of general anesthesia with target infusion, and an easy 
recovery with minimal residual effects.

METHODS: Female SD rats were used in this experiment with the 
approval by Rutgers Institutional Animal Care and Use Committee 
�,$&8&��7KH�¿UVW�VWHS�LQ�WKLV�VWXG\�ZDV�WR�SODFH�DQ�,9�FDQQXODWLRQ�
in the tail vein in the awake rat. Rats were gently restrained to a rat 
chamber and a 24 gauge IV catheter was inserted to the lateral tail 
vein after placing the tail in warm water for 10 minutes. The catheter 
ZDV�¿[HG�LQ�SODFH�XVLQJ�WDSH�DQG�ZDV�DWWDFKHG�WR�D�7�FRQQHFWRU�IRU�
drug administration. A depth of anesthesia was achieved by giving 
a bolus of propofol, ketamine or etomidate. The next step was to 
SHUIRUP� LQWXEDWLRQ� ZLWK� WKH� DLG� RI� D� PRGL¿HG� ODU\QJRVFRSH�� ,W�
was important to cut off one half of the width of the Miller blade 
0 extending from the distal tip for approximately 2/3 of the entire 
length to match the airway of rat. To improve airway visualization, 
WKH�DQLPDO�ZDV�¿[HG�WR�D�����LQFOLQHG�PHWDO�ERRN�KROGHU�LQ�D�GRUVDO�
position by means of a ribbon hooked around the upper incisors. 
A18-gauge intravenous catheter as an endotracheal tube was easily 
to put in rats under the direct vision of the vocal cords. After 
intubation, the animal was connected to a ventilator (tidal volume 
10 ml/kg with rate of 80/minutes) with FiO2 60-70% and TIVA 
was maintained by continuous infusion of the same intravenous 
agent for one hour. The arterial oxygen saturation, pulse strength, 
heart rate were continuously monitored using tail pulse oximetry. 
Temperature was monitored and maintained in the range of 37 ± 
���� �&�� ,Q� SURSRIRO� JURXS�� DUWHULDO� EORRG�ZDV� FROOHFWHG� IRU� EORRG�
gas analysis.

RESULTS: 20 rats were tested using this system. 10 out of 20 
received propofol anesthesia, 7 for ketamine and 3 for etomidate. 
IV placement, intubation and ventilation were successfully 
performed in all rats without major technical problems. All rats 
rapidly recovered to baseline activity within 10-15 minutes after 
discontinued infusion. The vital signs of all rats throughout TIVA 
were stable. Blood gas measurement did not detect any metabolic 
acidosis, hypoxia, hypercarbia or glucose abnormalities in the rats 
who received propofol infusion for one hour.

CONCLUSION: These results indicate that TIVA can be performed 
HIIHFWLYHO\�DQG�VDIHO\�LQ�WKH�VPDOO�DQLPDO�XVLQJ�WKH�PHWKRGV�UH¿QHG�
in this study. These techniques are easily reproducible and learned.
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S-35.
DO DELTA SUBUNITS INTRODUCE ASYMMETRY IN 
GABA-A RECEPTOR ETOMIDATE SITES? 

AUTHORS: H. Feng, K. Liu, Y. Jounaidi, S. A. Forman

AFFILIATION:Dept of Anesthesia Critical Care & Pain Medicine, 
Massachusetts General Hospital, Boston, MA

INTRODUCTION: Etomidate (ETO) induces general anesthesia 
by enhancing the activity of inhibitory GABAA receptors in the 
&16��3ULRU�VWXGLHV�LQ�Į�ȕ�Ȗ��V\QDSWLF�UHFHSWRUV�GHPRQVWUDWHG�WZR�
(72�VLWHV�SHU�UHFHSWRU��IRUPHG�EHWZHHQ�Į�0��DQG�ȕ�0��GRPDLQV1. 
Using concatenated subunit assemblies, we showed that the two 
ETO sites contribute equally to receptor modulation2. GABAA 
UHFHSWRUV�ZLWK�H[WUDV\QDSWLF�Į�ȕ�į�VXEXQLWV�VKRZ�(72�VHQVLWLYLW\�
VLPLODU�WR�Į�ȕ�Ȗ�3, but it is not known if ETO sites remain equivalent 
LQ�Į�ȕ�į�UHFHSWRUV�

METHODS: Xenopus frogs were used with IACUC approval. 
:H�PXWDWHG�'1$�HQFRGLQJ�FRQFDWHQDWHG�ȕ��Į��GLPHU��'��DQG�ȕ��
Į��į�WULPHU��7��FRQVWUXFWV�WR�LQFRUSRUDWH�ȕ�1���0�PXWDWLRQV��'�
DQG�7���ZKLFK�HOLPLQDWH�(72�VHQVLWLYLW\�LQ�Į�ȕ�Ȗ�4. Mixtures of 
mRNA transcripts were injected into Xenopus oocytes. ETO (3.2 
ȝ0�� HIIHFWV� RQ� *$%$� FRQFHQWUDWLRQ�UHVSRQVHV� ZHUH� TXDQWL¿HG�
using two microelectrode voltage-clamp electrophysiology. 
&RQFHQWUDWLRQ�UHVSRQVH� FXUYHV�ZHUH� DQDO\]HG� E\�¿WWLQJ�ZLWK�+LOO�
equations in Graphpad Prism.

RESULTS: :LOG�W\SH� Į�ȕ�į� �'7�� UHFHSWRU� FXUUHQWV� ZHUH�
modulated by ETO, which increased maximal currents about 15-
IROG� DQG� UHGXFHG� *$%$� (&��� ��IROG�� 'RXEOH� PXWDQW� �'7��
UHFHSWRU�FXUUHQWV�ZHUH�XQDIIHFWHG�E\�(72��'LPHU�PXWDQW��'7��DQG�
WULPHU�PXWDQW��'7��UHFHSWRU�FXUUHQWV�VKRZHG�GLVWLQFW�PRGXODWLRQ�
E\� (72�� 0D[LPDO� '7� UHVSRQVHV� LQFUHDVHG� ��IROG� DQG� *$%$�
(&���VKLIW�ZDV�LQVLJQL¿FDQW��0D[LPDO�'7�UHVSRQVHV�LQFUHDVHG����
IROG�DQG�*$%$�(&���VKLIW�ZDV�LQVLJQL¿FDQW�

CONCLUSIONS:� 8QOLNH� SULRU� UHVXOWV� LQ� FRQFDWHPHULF� Į�ȕ�Ȗ��
*$%$$�UHFHSWRUV�ZLWK�Į0���:�PXWDWLRQV������Į�ȕ�į�FRQFDWHPHU�
VWXGLHV�ZLWK� ȕ�1���0�PXWDWLRQV� VXJJHVW� DV\PPHWULFDO�(72� VLWH�
HIIHFWV�� 3UHOLPLQDU\� VWXGLHV� ZLWK� ȕ�1���0�PXWDWLRQV� LQ� Į�ȕ�Ȗ��
FRQFDWHPHULF�UHFHSWRUV��ȕ��Į��Ȗ��ȕ��Į���VKRZ�VLPLODU�DV\PPHWULFDO�
effects. Thus, these apparently unequal ETO site effects may be due 
to another variable in our experimental system, such as the location 
of the mutation itself.
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A PROSPECTIVE RANDOMIZED DOUBLE BLIND TRIAL 
COMPARING THE EFFICACITY OF A BOLUS OF IV 
LIDOCAINE AND REMIFENTANYL ON THE INCIDENCE 
OF COUGHING AT EMERGENCE

AUTHORS: L. Poulin1, F. Gaulin2, G. Arcand3, A. Lallo3, F. Girard3

AFFILIATION:1Anesthesiology, Universite de Montreal, 
Montreal, QC, Canada, 2Anesthesiology, Hopital de Saint-Jerome, 
Saint-Jerome, QC, Canada, 3Anesthesiology, Universite de 
Montreal, Centre hospitalier Universitaire de Montreal, Division 
Hopital Notre-Dame, Montreal, QC, Canada

INTRODUCTION: Several strategies have been evaluated to 
reduce the incidence of cough at emergence of general anesthesia. 
There are studies supporting the administration of intravenous 
opioids before emergence to reduce cough, agitation and 
hemodynamic stimulation. The goal of this randomized prospective 
trial was to compare a bolus of remifentanil with lidocaine before 
extubation regarding the incidence of cough.

METHOD: 62 patients aged 18-80 years undergoing surgery 
excluding the area of the head and neck and requiring tracheal 
intubation were randomized to receive a bolus of lidocaine 1 
mg.kg-1 ( LIDO ) or a bolus of remifentanil 0.25 mcg.kg-1 ( REMI 
) prior to emergence. The incidence of cough, sedation, variation in 
mean arterial pressure (MAP), time to extubation and the presence 
and severity of sore throat were then evaluated.

RESULTS: LIDO and REMI demographics were comparable. 
7KHUH� ZDV� QR� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH� LQ� WKH� LQFLGHQFH�
of cough (58% without cough for both devices, P = 1), time to 
extubation , post- extubation sedation and sore throat between the 
two groups. Post extubation MAP variation was less important in 
WKH�JURXS�5(0,���ǻ0$3� ���������PP+J���WKDQ�WKH�/,'2�JURXS���
ǻ0$3� ���������PP+J���3� �������

CONCLUSION: This study shows that the use of a remifentanil 
bolus at emergence of general anesthesia is equivalent to a bolus of 
lidocaine in terms of prevention of episodes of coughing. However, 
the hemodynamic response to extubation has been less important in 
the remifentanil group. Consequently, the use of remifentanil 0.25 
mcg.kg-1 has the advantage of further reducing the hemodynamic 
response to extubation compare with the use of lidocaine 1 mg.kg-1

REGISTERED CLINICAL TRIAL: Clinicaltrials.gov reference 
number NCT01026129
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ESTIMATING THE POTENCY OF MUSCLE RELAXANTS. 
COMPARING NON-LINEAR REGRESSION WITH 
INDIVIDUAL ESTIMATES OF POTENCY USING THE  
HILL EQUATION.

AUTHORS: S. B. Bhatt, M. Sarhan, J. M. Sisk

AFFILIATION:Anesthesiology, University of Toledo Medical 
Center, Toledo, OH

INTRODUCTION: Estimates of potency of nondepolarizing 
muscle relaxants (MR) can be made using a nonlinear regression 
(NLR) analysis after obtaining numerous dose-response data points 
from multiple patients. Alternatively, Kopman1 has suggested that 
because the slopes of the dose-response relationship of all muscle 
UHOD[DQWV� DUH� LGHQWLFDO�� WKH� DVVXPHG� YDOXH� RI� WKH� VORSH� �ஔ�� FDQ� EH�
placed in the Hill equation. If a dose of a MR is administered to a 
patient and the twitch depression caused by this dose is measured, 
WKHQ� WKH�+LOO�HTXDWLRQ�FDQ�EH�VROYHG�ZLWK� WKH�DVVXPHG�YDOXH�RI� ஔ��
Solving the Hill equation will yield estimates of potency -ED50 
or ED95 for that patient. We have conducted the following 
investigation to compare the two methods (NLR and Hill equation) 
for estimating ED50 for vecuronium, rocuronium, pancuronium and 
cis-atracurium

METHOD: Following IRB approval, and obtaining informed 
consent, ASA I or II adults free from neuromuscular disease were 
included. Following premedication with midazolam, anesthesia 
was induced with fentanyl and propofol, and tracheal intubation 
was accomplished without the aid of muscle relaxants. Mechanical 
ventilation was commenced and adjusted to obtain normocapnia. 
Anesthesia was maintained with fentanyl, propofol and N2O. The 
patient’s ulnar nerve was stimulated at the wrist (single twitch 0.1 
Hz) and force of contraction of the adductor pollicis brevis was 
measured using a force transducer (Gould FT-10). After a period of 
stabilization, we injected a single dose of a MR intravenously. The 
doses were chosen to produce varying degrees of neuromuscular 
blockade, from 5%-95%. The doses for the four muscle relaxants 
were Vecuronium 0.013-0.04 mg/Kg (18 patients), rocuronium 
0.1-0.25 mg/kg (20 patients), pancuronium 0.015 - 0.025 mg/kg 
(12 patients) and cis-atracurium 0.02 to 0.045 mg/Kg (13 patients). 
Potency was estimated as ED50 using the Hill equation for each 
LQGLYLGXDO�VXEMHFW�DFFRUGLQJ�WR�WKH�PHWKRG�RI�.RSPDQ�����ஔ�LQ�WKH�
Hill equation was assigned a value of 4.5. NLR regression was 
performed on the pooled data from all subjects for each individual 
MR. NLR was performed using GraphPad Prism V6 for Windows 
(GraphPad Software Inc., La Jolla, CA). We used the log-dose vs 
response -variable slope (four parameters) function of the GraphPad 
Prism computer program for the NLR.

RESULTS: Potency (ED50) for all four MR’s obtained by NLR 
and the Hill equation are presented in Table 1. The NLR analysis for 
all four MR’s is presented in Figure 1. The percentage differences 
in the estimates of ED50 obtained by the two methods (NLR or the 
Hill equation) were 4% for pancuronium and cis-atracurium, 6% for 
vecuronium and 10% for rocuronium. Estimates of ED50 by either 
method are within the range reported by other investigators2.

CONCLUSION: Individual estimates of ED50 obtained using the 
Hill equation can reasonably substitute for non-linear regression 
analysis of pooled data from many subject     s.

REFERENCE: 

1.  Kopman AF, Klewicka MM, Neuman GG. Anesth Analg 2000; 
90:1191-1197.

2.  Kopman AF, Lien CA, Naguib M. Br J Anaesth 2010; 104:705-10.
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GAS MAN DERIVED COMPARTMENTAL AND LEROU 
PHYSIOLOGICAL MODEL VS LU ET AL CLINICAL DATA 
FOR DESFLURANE.

AUTHORS: M. R. Sadean

AFFILIATION:Anesthesiology, University Hosp. Med. Ctr. 
SUNY at Stony Brook, Stony Brook, NY

INTRODUCTION :7KH� HQG� WLGDO� GHVÀXUDQH� FRQFHQWUDWLRQV� DUH�
available clinically but it is a delay of equilibration with the brain, 
which is the effect site.

The usefulness of the pharmacokinetic models depends on their 
accuracy.

We evaluated the prediction of both the end tidal and effect site 
EUDLQ� FRQFHQWUDWLRQV� RI� GHVÀXUDQH� RI� WKH� *DV� 0DQ� GHULYHG�
compartmental model and the Lerou physiological model vs the Lu 
et al clinical data.

METHOD : Lu et al measured the end tidal (Ce) and the jugular-
bulb (Cj), surrogate for effect site, brain (Fb), concentrations of 
GHVÀXUDQH�LQ����SDWLHQWV�XQGHUJRLQJ�HOHFWLYH�FRURQDU\�DUWHU\�E\SDVV�
grafting. The patients were volume controlled ventilated for 1 hour, 
IUHVK�JDV�ÀRZ��)*)���O�PLQ��YDSRUL]HU�VHWWLQJV��)'�����1

We simulated the end tidal (Fet) and brain (Fb) concentrations 
for a patient weight Wt=68kg, tidal volume Vt=600cc, respiratory 
rate RR=10breath/min for both the Gas Man derived compartmental2 
with an added effect site compartment with a ke0=0.61min-1 

(Rehberg et al) and Lerou physiological model used by AnestAssist 
program (Palma Healthcare Systems LLC). The cardiac output 
(CO), a covariate of the compartmental model, that is not routinely 
available clinically, was 5l/min, with the caveat that in this patient 
population it is low and under anesthesia it would decrease 
even further.

RESULTS : We calculated the median prediction error (MPE) and 
median absolute prediction error (MAPE), as a measure for bias and 
accuracy, respectively, for the end tidal and brain concentrations, of 
the compartmental model and the Lerou physiological model vs the 
GDWD�RI�/X�HW�DO�IRU�GHVÀXUDQH�3 (Table 1).Conclusion:There was no 
VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�FRPSDUWPHQWDO�DQG�SK\VLRORJLFDO�
PRGHOV��ERWK�HVWLPDWHG�WKH�HQG�WLGDO�GHVÀXUDQH�FRQFHQWUDWLRQV��)HW��
with good accuracy <16% with a negative bias, but the accuracy 
for brain concentrations (Fb) was <38% with a positive bias. The 
high predicted effect site brain concentrations predicted by both 
the compartmental and physiologic models compared with the 
clinical data could be due to the use of a normal cardiac output for 
the simulation. Under anesthesia the cardiac output and the cerebral 
perfusion are low in the cardiac patients for CABG surgery.

The Gas Man derived compartmental model has to be used with 
FDXWLRQ�ZKHQ�SUHGLFWLQJ�HIIHFW�VLWH�FRQFHQWUDWLRQV�RI�GHVÀXUDQH�

REFERENCES :

1. Lu et al. Anaesthesia 2004;59:216-21

2. Hendrickx et al. BMC Anesthesiology 2006, 6:7

3. Varvel et al. J Pharmacokinet Biopharm 1992;20:63
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GAS MAN DERIVED COMPARTMENTAL VS LEROU 
PHYSIOLOGICAL MODEL FOR DESFLURANE

AUTHORS: M. R. Sadean

AFFILIATION:Anesthesiology, University Hosp. Med. Ctr. 
SUNY at Stony Brook, Stony Brook, NY

INTRODUCTION :The parsimonious compartmental models of 
YRODWLOH�DJHQWV�DUH�LPSRUWDQW�EHFDXVH�WKH\�FDQ�EH�¿WWHG�WR�FOLQLFDOO\�
data available in the operating room and can be used to describe the 
course of their partial pressure over time.

Hendrickx et al derived a classical three compartmental model 
with two covariate, cardiac output and body weight, from the 
physiological uptake model used by Gas Man program (Med Man 
Simulations, Inc.,Chestnut Hill, MA)1.

We tested the predictive performance of the derived compartmental 
model vs the Lerou physiological model used by AnestAssist 
SURJUDP��3DOPD�+HDOWKFDUH�6\VWHPV�//&��IRU�GHVÀXUDQH�

METHOD: For the simulations we used model covariates weight 
�:W��� ¿[HG� FDUGLDF� RXWSXW� �&2�� DW� �� O�PLQ� �QRW� XVXDOO\� FOLQLFDOO\�
available), ventilation in volume controlled mod with tidal volume 
�9W��� UHVSLUDWRU\� UDWH� �55��� IUHVK� JDV� ÀRZ� �)*)��� DV� YHQWLODWRU�
VHWWLQJV�� DQG� YDSRUL]HU� GHVÀXUDQH� FRQFHQWUDWLRQ� �)'�� DV� PRGHO�
LQSXWV��2XWSXWV�RI�WKH�PRGHO�VLPXODWLRQV�DUH�GHVÀXUDQH�LQVSLUDWRU\�
(Fi), end-tidal (Fet) and effect site, brain, concentration (Fb). For the 
compartmental model we calculated the inspiratory concentration 
)L� �� )L )HW��)'�)HW�)*)��9W55�� DQG� WKH� XSWDNH� 8W� �� 8W �)L�
)HW��9W55���)RU�FDOFXODWLRQ�RI�WKH�EUDLQ�GHVÀXUDQH�FRQFHQWUDWLRQV�
we added an effect site compartment with a ke0=0.61min-1 to the 
compartmental model (Rehberg et al). We run 1 hour simulations 
for a virtual 70kg patient, Vt=600cc, RR=10breath/min. Washin, 
maintenance and washout Fet and Fb concentrations resulted for 
3 different scenarios (S). S1 : FGF=6l/min, FD=6% time=0 to 
45min than FD=0% ;S2 : FGF=2l/min, FD=6% time=0 to 45min 
than FD=0%; S3 : FGF=6l/min FD=6% time=0 to 15 and FD=0% 
time=45 to 60 and FGF=2l/min FD=6% time=16 to 44min.Results 
: We calculated the median prediction error (MPE) and median 
absolute prediction error (MAPE), as a measure for bias and 
accuracy, respectively, for the end tidal and brain concentrations, 
of the compartmental model vs the Lerou physiological model as 
reference.[2] (Table 1). 

CONCLUSION : It appeared that it was a good estimation of the 
HQG�WLGDO�DQG�EUDLQ�GHVÀXUDQH�FRQFHQWUDWLRQV�RI�WKH�FRPSDUWPHQWDO�
vs the physiological model overall with an accuracy of <16%, 
negative bias for Fet and positive for Fb. However during washin 
it reached 13% for Fet and 31% for Fb with a positive bias and 
during washout 88% for Fet and Fb with a negative bias. The 
accuracy decreased with decreased FGF and more FD changes. 
The acceptable approximation of the end tidal concentrations by 
the Gas Man derived compartmental model compared to the Lerou 
physiological model, that was previously clinically validated, is 
promising to its use in the study of volatile anesthetic agents.

REFERENCES :

1.  Hendrickx et al. BMC Anesthesiology 2006, 6:72 Varvel et al. J 
Pharmacokinet Biopharm 1992;20:63-94
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CANNABINOID 2 RECEPTOR MODULATION IN MURINE 
SEPSIS

AUTHORS: J. Sardinha1, M. Kelly1, J. Zhou2, C. Lehmann3

AFFILIATION:1Pharmacology, Dalhousie University, Halifax, 
NS, Canada, 2Microbiology & Immunology; Anesthesia, Dalhousie 
University, Halifax, NS, Canada, 3Pharmacology; Microbiology 
& Immunology; Anesthesia, Dalhousie University, Halifax, NS, 
Canada

INTRODUCTION: Sepsis results from a dysregulated immune 
response to an infection. Current medical treatments are of 
OLPLWHG� HI¿FDF\� ZLWK� UHJDUG� WR� LPSURYHPHQW� RI� VXUYLYDO�� 7KH�
endocannabinoid system (ECS) opens a novel avenue in sepsis 
therapy due to its unique characteristics. Cannabinoid 2 (CB2) 
receptors are expressed on the surface of all immune cells, providing 
a direct approach to the modulation of the immune system. The 
present study explored the effects of CB2 receptor modulation in a 
mouse model of acute sepsis (endotoxemia).

METHODS: Endotoxemia was induced by intravenous 
administration of lipopolysaccharide (LPS, 5 mg/kg; from E. 
coli, serotype: O26:B6). Six groups of mice were used to assess 
leukocyte activation within the intestinal microcirculation as well 
as functional capillary density (FCD) by intravital microscopy. The 
WUHDWPHQW�FRPSRXQGV�WHVWHG�ZHUH��D�VSHFL¿F�&%��UHFHSWRU�DJRQLVW��
HU308, a CB2 receptor antagonist/inverse agonist, AM630, and 
the cannabinoid degradation enzyme inhibitors URB597 (fatty 
acid amide hydrolase inhibitor), and JZL184 (monoacylglycerol 
lipase inhibitor).

RESULTS: Administration of the CB2 receptor agonist, HU308, 
UHGXFHG� VLJQL¿FDQWO\� WKH� QXPEHU� RI� DGKHULQJ� OHXNRF\WHV� LQ�
submucosal venules, but did not restore muscular and mucosal villi 
FCD in endotoxemic mice. The CB2 receptor antagonist, AM630, 
did not exacerbate leukocyte activation within the intestinal 
microcirculation, but further reduced muscular and mucosal FCD oft 
he intestinal wall. The cannabinoid degradation enzyme inhibitors 
85%���� DQG� -=/���� ERWK� VLJQL¿FDQWO\� UHGXFHG� WKH� QXPEHU� RI�
adhering leukocytes in submucosal venules. Furthermore, JZL184 
administration completely restored muscular FCD.

CONCLUSIONS:�&%��UHFHSWRU�DFWLYDWLRQ�E\�D�VSHFL¿F�DJRQLVW�RU�
cannabinoid degradation enzyme inhibition was effective in reduction 
of leukocyte activation within the intestinal microcirculation. The 
&%�� UHFHSWRU� SDWKZD\� VHHPV� WR� EH� LQYROYHG� LQ� WKH� LQÀDPPDWRU\�
cascade elicited early during sepsis. Therefore, modulation of the 
CB2 receptor pathway might offer new therapeutic options for the 
manipulation of the immune system in sepsis.
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RAPID AND IMMEDIATE ANTAGONISM BY L-CYSTEINE 
OF THE NEW ULTRA-SHORT ACTING NONDEPOLARIZER 
CW 1759-50: PAIRED STUDIES IN RHESUS MONKEYS 
GIVEN CONTINUOUS INFUSIONS AT 2 X ED99 DOSAGE TO 
MAINTAIN 100% BLOCK OF TWITCH 

AUTHORS: J. J. Savarese1, H. Sunaga1, M. R. Belmont1, P. M. 
Heerdt1, D. L. Cohn2

AFFILIATION:1Anesthesiology, Weill Cornell Medical College, 
New York, NY, 2Animal Resources Facility, Albany Medical 
College, Albany, NY

BACKGROUND: CW 1759-50 shows ultra-short duration (6-8 
mins from injection at ED99 bolus dosage to return of twitch and 
TOF to 95% of control values) in the Rhesus Monkey. The block 
is rapidly antagonized by L-cysteine. The following study was 
performed to document rapid antagonism of CW 1759-50 blockade 
by L-cysteine at the end of continuous infusions of varying length 
where CW 1759-50 block was maintained at very deep levels 
(100% twitch block) by administering 2x ED99 dosage throughout 
the infusion. These experiments were meant to simulate clinical 
scenarios where a continuous overdose of CW 1759-50 may have 
been administered over a lengthy period of time, yet rapid recovery 
may nevertheless be desired.

METHODS: Adult male Rhesus monkeys weighing 10-20 kg were 
VWXGLHG�XQGHU�LVRÀXUDQH��������������DQG�1�2�2���������PL[WXUH��
anesthesia. The study was approved by the IACUC of Albany 
Medical Center, where the experiments were performed. Arterial 

pressure, twitch at 0.15 Hz, and TOF were measured continuously. 
Temperature and SpO2 were monitored continuously. Ventilation 
was controlled at 20 BPM, 15 mL/kg.

EXPERIMENTAL PROCEDURE: Infusions varied in length 
from as short as 20 mins to as long as 75 min. Infusions were done 
in pairs. First dosage for maintenance of continuous block at 99% 
block of twitch (mcg/kg/min) was established. Then this rate was 
doubled (2x ED99) and maintained for the rest of the infusion. 
Spontaneous recovery after this infusion was observed (Infusion 
C). Then a new baseline was established, and the same dose (2x 
ED99) was administered for the same length of time (Infusion D). 
Infusion D was then terminated, and one minute later, L-cysteine 
(30 mg/kg) was administered. Recovery times following Infusion 
C (spontaneous recovery) and Infusion D (L-cysteine antagonism) 
were compared by paired t-test.

RESULTS: Data are shown in Table 1. All comparisons are highly 
VLJQL¿FDQW��S����������7KHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�
the durations of infusions C and D.

DISCUSSION: The data show that a standard dose of L-cysteine 
(30 mg/kg) given 1 min after discontinuation of infusion rapidly 
antagonizes deep CW 1759-50 block where infusions have been 
given at high dosage (2x ED99) to maintain 100% twitch block. 
Reversal is nearly as rapid (3.7 ± 0.6 min vs. 2.1 ± 0.5 min) as 
following infusions where 99% block (ED99) has been maintained.1 
Rapid antagonism of CW 1759-50 immediately following deep 
block may be clinically advantageous.

REFERENCES:

1. H. Sunaga ASA Meeting 2013, Abstract #A4034
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LIDOCAINE PROTECTED PC12 CELLS AND CULTURED 
CORTICAL NEURONS FROM BETA AMYLOID TOXICITY

AUTHORS: J. Lin1, S. Liao2, W. Zheng2

AFFILIATION:1Department of Anesthesiology, Stony Brook 
University Health Sciences Center, Stony Brook, NY, 2State Key 
Laboratory of Ophthalmology, Sun Yat-Sen University, Guangzhou, 
China

INTRODUCTION: Amyloid-beta is neurotoxic and plays an 
important role in the etiology of Alzheimer’s disease. It has been 
VKRZQ�WKDW�WKH�LQKDODWLRQ�DQHVWKHWLF�LVRÀXUDQH�HQKDQFHG�WKH�HIIHFW�
of amyloid-beta1. Lidocaine is a common local anesthetic, which 
has been shown to be neuroproctective at antiarrhythmic dose in 
animal and in patients undergoing cardiopulmonary bypass2. The 
effect of lidocaine in amyloid-beta toxicity is unknown. At the 
present study, we investigated the effect of lidocaine against beta-
amyloid neurotoxicity on neuron cell line PC12 cells and mouse 
cultured neurons.

METHODS:�3&���FHOOV�ZHUH�PDLQWDLQHG�LQ�'XOEHFFR¶V�0RGL¿HG�
Eagle’s Medium (DMEM, Gibco, USA) supplemented with 10% 
fetal bovine serum (FBS, Gibco, USA), 1% penicillin/ streptomycin 
VROXWLRQ� �*LEFR�� 86$�� LQ� D� KXPLGL¿HG� LQFXEDWRU� DW� ���&� DQG�
5% CO2. Cortical primary culture neurons were prepared and 
maintained as described as before3, from embryonic day 14 pregnant 
Kunming mice.

The viability of PC12 cells and cortical cultured primary neurons 
were determined by the MTT assay (Sigma, USA). Cells grew in 
96-well plates at a density of 2×105 cells/well and were serum 
starvated for 24 h, then incubated with 0.5 mg/ml of MTT for an 
additional 4 h. The medium was removed and the formazan crystals 
ZHUH�GLVVROYHG�E\����ȝO�'062�DGGHG�WR�WKH�ZHOO��7KH�DEVRUEDQFH�
of each well was obtained with a Multiskan ascent Revelation plate 
reader (Thermo, USA) at wavelength of 570 nm.

To study the protective effect of lidocaine on neuronal cells from 
amyloid-beta toxicity, PC12 cells were treated with different 
FRQFHQWUDWLRQ�RI� OLGRFDLQH� ������Q0��DQG�����0�$ȕ������ IRU����
hours and the viability of these cells was determined.

The results were expressed as mean ± the standard error of the mean 
(SEM). Results are expressed as the percentage of the corresponding 
FRQWURO� YDOXH��'DWD� DUH� VKRZQ� DV� WKH�PHDQ� �� 6(0�� S������� �
p<0.01 (n = 4). The data was evaluated by unpaired two-tailed 
Student t-test. A p-value < 0.05 was considered statistically 
VLJQL¿FDQW�

RESULTS:� ����0�$ȕ������ FDXVHG�������SHUFHQW� RI� FHOO� GHDWK��
/LGRFDLQH�UHYHUVHG�WKH�HIIHFW�RI�����0�$ȕ������GRVH�GHSHQGHQWO\��
7KH�HIIHFW�RI�OLGRFDLQH�ZDV�VLJQL¿FDQW�DW�����Q0�DQG�SODWHDXHG�DW�
3-10 nM. The protection was decreased when concentration was 
30 nM (Figure 1). Consistent with above results, lidocaine also 
increased the survival of primary cultured mouse cortical neurons 
IURP� ��� �0� $ȕ������ LQGXFHG� WR[LFLW\�� 7KH� PD[LPDO� HIIHFW� RQ�
primary cortical neuron was observed at about 1 nM (Figure 2).

CONCLUSION: Our results have shown that lidocane protected 
neurons cells from amyloid-beta induced neurotoxicity in a 
concentration-dependent manner.

REFERENCES:

1.  Alzheimer’s disease and anesthesia. Frontiers in Neuroscience 
2011; 14: 1-7

2.  A brief review of innovative uses for local anesthetics. Current 
Opinion in Anesthesiology 2008; 21:651-656

3.  FoxO3a negatively regulates nerve growth factor-induced 
neuronal differentiation through inhibiting the expression of 
neurochondrin in PC12 cells. Mol Neurobiol. 2013;47:24-36

�

�



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-45

S-45.
MIDAZOLAM INHIBITS PROLIFERATION OF HUMAN 
GLIOBLASTOMA MGR2 CELLS

AUTHORS: J. Lin1, W. Zhu2, S. Lin3, G. Yan2

AFFILIATION:1Department of Anesthesiology, Stony Brook 
University Health Sciences Center, Stony Brook, NY, 2Department 
of Pharmacology, Sun Yat-Sen University, Guangzhou, China, 
3Research Center, Guangzhou Cellprotek Inc, Guangzhou, China

INTRODUCTION: Glioblastoma (GBM) is the most common 
primary brain tumor. It is the most aggressive malignancy in humans 
with rapid proliferation. Surgical resection is often the treatment of 
choice but the prognosis is poor1. Midiazolam is routinely used as an 
anxiolytic and sedative perioperatively.

It has been evidenced that anesthesia techniques affect the outcome 
of surgical patients2. The direct effect of anesthetics may have more 
impact when the approach of regional anesthesia is not practical. 
We have shown that midazolam inhibited the proliferation of 
hypopharyngeal squamous cancer cells3. In this study we tested the 
effect of midazolam on the proliferation of GBM cell line MGR2.

METHODS: MGR2 glioma cells were maintained in DMEM 
supplemented with 10% fetal bovine serum, 100 U/mL penicillin, 
DQG�����PJ�P/�VWUHSWRP\FLQ�LQ�D�KXPLGL¿HG�DWPRVSKHUH�RI����&2��
at 37 C. Cell Viability Assay was tested by 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl-tetrazolium bromide (MTT; Sigma) assay. MGR2 
cells were planted in 96-well plates and treated with midazolam at 
various concentrations for various times. Cell proliferation assays 
were performed using a 5-bromo-2’-deoxyuridine (BrdU) cell 
proliferation ELISA kit. Cytotoxicity was evaluated by lactate 
GHK\GURJHQDVH� �/'+�� UHOHDVH� DVVD\�ZKLFK�ZDV� TXDQWL¿HG�ZLWK� D�
CytoTox 96 nonradioactive cytotoxicity assay kit.

RESULTS: Midazolam decreased MGR2 viability (Figure 2) by 
inhibiting proliferation (Figure 2) but does not cause cell death (Figure 
3) in MGR2 cells. MGR2 cells were exposed with 0, 6.25, 12.5, 25, 
50, and 100 mM midazolam for 24 or 48 hours. Cell viability was 
determined by 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium 
bromide absorbance . Effect on the cell proliferation was measured 
by BrdU incorporation assay. Cytotoxicity was determined by 
lactate dehydrogenase (LDH) absorbance after 48 hours treatment 
with midazolam at the concentrations above. C

CONCLUSIONS:� 0LGD]RODP� VLJQL¿FDQWO\� UHGXFHG� WKH� FHOO�
viability of MGR2 cells by inhibiting their proliferation. The 
effect was both dose-dependent and time-dependent. This may be 
EHQH¿FLDO�LQ�WKH�UHJLPHQW�IRU�VXUJLFDO�SDWLHQWV�ZLWK�*%0�

REFERENCE:

1. Brain tumors. N Engl J Med. 2001;344:114-123

2.  The effects of anesthetics on tumor progression. Int J Physiolol 
Pathophysiol and Pharmacol, 2013; 5:1-10

3.  Inhibition of cancer cell proliferation by midazolam via targeting 
transient receptor potential melastatin 7. Oncol Lett 2013; 5: 
1010-1016.
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S-46.
THE EFFECT OF VOLATILE ANESTHETICS ON ADHESION 
02/(&8/(�Į0ȕ�

AUTHORS: K. Yuki

AFFILIATION: Department of Anesthesiology, Perioperative and 
Pain Medicine, Boston Children’s Hospital, Boston, MA

INTRODUCTION AND GENERAL PURPOSE OF THE 
STUDY: Previously we demonstrated that volatile anesthetics 
LVRÀXUDQH�DQG�VHYRÀXUDQH�ERXQG�DQG�LQKLELWHG�DGKHVLRQ�PROHFXOH�
Į/ȕ���%RWK�LQKLELWHG�Į/ȕ��DOORVWHULFDOO\�E\�ELQGLQJ�WR�³ORYDVWDWLQ�
VLWH�´� WKH� FDYLW\�ZLWKLQ� WKH� OLJDQG� ELQGLQJ� GRPDLQ� RI� Į/� VXEXQLW�
DZD\�IURP�WKH�DFWXDO�OLJDQG�ELQGLQJ�VLWH��Į0ȕ��LV�DQRWKHU�DGKHVLRQ�
PROHFXOH�� ZKLFK� LV� KRPRORJRXV� WR� Į/ȕ��� KDV� D� VLPLODU� SRFNHW�
ZLWKLQ�Į0� VXEXQLW� DQG� VKDUH� WKH� VDPH� OLJDQG�ZLWK�Į/ȕ���'XH� WR�
their structural and functional similarities, we postulated that both 
LVRÀXUDQH�DQG�VHYRÀXUDQH�ZRXOG�LQKLELW�Į0ȕ��

METHODS:� /LJDQG� ELQGLQJ� DVVD\� Į0ȕ�� OLJDQG� ,&$0��� ZDV�
FRDWHG� RQ� 9�ERWWRP� ��� ZHOOV�� EORFNHG� ZLWK� ��� %6$�� Į0ȕ��
transfectants were stained with BCECF-AM and incubated in 96 
ZHOOV� ZLWK� RU� ZLWKRXW� LVRÀXUDQH� RU� VHYRÀXUDQH� IRU� ��� PLQXWHV�
at 370C. Then plates were centrifuged at 200 x g for 5 minutes 
DQG� UHDG� XVLQJ� WKH� ÀXRUHVFHQFH� UHDGHU� ZLWK� H[FLWDWLRQ� ���� QP��
HPLVVLRQ� ���� QP�� %LQGLQJ� �� ZDV� GH¿QHG� DV� >�ÀXRUHVFHQFH� RI�
FRQWURO�����ÀXRUHVFHQFH�DW�YDULRXV�FRQFHQWUDWLRQV�RI�VHYRÀXUDQH��RU�
LVRÀXUDQH��@�>ÀXRUHVFHQFH�RI�FRQWURO@�[������

RIGID DOCKING USING GLIDE: Computer docking sim-
XODWLRQ�RI� LVRÀXUDQH�RU� VHYRÀXUDQH�ZDV�SHUIRUPHG�RQ�Į0� OLJDQG�
binding domain.

RESULTS AND MAJOR FINDINGS:�'LIIHUHQW�IURP�RXU�¿QGLQJ�
RI� Į/ȕ�� H[SHULPHQWV�� LVRÀXUDQH� LQKLELWHG� Į0ȕ��� EXW� VHYRÀXUDQH�
GLG�QRW��'RFNLQJ�VLPXODWLRQ�GHPRQVWUDWHG�RQO\�LVRÀXUDQH�ERXQG�WR�
the cavity, supporting the result of ligand binding.

CONCLUSIONS:� :H� GHPRQVWUDWHG� WKDW� Į0ȕ�� ZDV� LQKLELWHG�
E\� LVRÀXUDQH�� QRW� VHYRÀXUDQH�� 7KLV� PD\� LQGLFDWH� WKDW� WKHUH� PD\ 
EH� GLIIHUHQFH� LQ� LPPXQRPRGXODWRU\� HIIHFW� EHWZHHQ� LVRÀXUDQH 
DQG�VHYRÀXUDQH�

REFERENCES:

1.  Yuki K, Astrof N, Bracken C, Yoo R, Silkworth W, Soriano 
6*�� 6KLPDRND� 0�� 7KH� YRODWLOH� DQHVWKHWLF� LVRÀXUDQH� SHUWXUEV�
conformational activation of integrin LFA-1 by binding to the 
allosteric regulatory cavity. FASEB J 2008; 22: 4109-4116

2.  Yuki K, Astrof N, Bracken C, Soriano SG, Shimaoka M. 
6HYRÀXUDQH� ELQGV� DQG� DOORVWHULFDOO\� EORFNV� LQWHJULQ� OHXNRF\WH�
function-associated antigen-1 Anesthesiology 2010; 113: 600-
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S-47.
COMPARISON BETWEEN PROPOFOL-REMIFENTANIL 
ANESTHESIA AND DESFLURANE-REMIFENTANIL 
WITH REGARD TO POST-ANESTHETIC FUNCTIONAL 
RECOVERY MEASURED WITH QOR-40 

AUTHORS: W. Lee1, J. Lee2

AFFILIATION:1Anesthesiology and Pain Medicine, Severance 
Hospital, Yonsei Univesity College of Medicine, Seoul, Korea, 
Republic of, 2Anesthesiology and Pain Medicine, Yonsei University 
College of Medicie, Seoul, Korea, Republic of

BACKGROUND: Total intravenous anesthesia (TIVA) and 
anesthesia with volatile agents are both widely and safely used. 
There have been many previous studies that compared TIVA and 
anesthesia with volatile anesthetics on various aspects. However, 
studies comparing the quality of recovery from the different methods 
of general anesthesia have not been conducted. Functional recovery 
is an important perspective when choosing an anesthetic method 
because it is related with early discharge and fast return to daily 
life. Our main objective in this study was to compare the functional 
recovery after general anesthesia with TIVA and volatile anesthetic.

METHODS: This study was a prospective, randomized, 
controlled and double blind study. With informed consent, eighty 
healthy females undergoing thyroid surgery were recruited 
and randomized to TIVA with propofol-remifentanil (TIVA 
JURXS�� RU� GHVÀXUDQH�UHPLIHQWDQLO� DQHVWKHVLD� �GHVÀXUDQH� JURXS���
The quality of recovery-40 questionnaire (QoR-40) score, which 
ZDV� TXDOL¿HG� LQ� YDOLGLW\� DQG� UHOLDELOLW\��ZDV� XVHG� IRU� DVVHVVPHQW�
of functional recovery, and the score was evaluated three times - 
before surgery, and at 24hours and 48 hours after the surgery. The 
primary outcome was the comparison of QoR-40 score at 24 hours 
after surgery. Other data collected included the duration of hospital 
stay, duration and type of surgery, blood pressure, pulse rate, nausea 
or vomiting, consumption of antiemetic and analgesic agents in 
ward and PACU. Data were analyzed using the T-test, Fisher’s exact 
test, and Pearson chi-square test. A P value < 0.05 was considered 
VWDWLVWLFDOO\�VLJQL¿FDQW�

RESULTS: TIVA group had higher quality of recovery scores in 
physical comfort at 24 hours and 48 hours after the surgery while 
physical independence, psychological support and total QoR-40 
were higher only at 24 hour. The demographic characteristics, blood 
pressure, duration of hospital stay, duration and type of surgery did 
not differ between two groups. 

CONCLUSION: This study demonstrates that TIVA provides 
EHWWHU�TXDOLW\�RI�UHFRYHU\�WKDQ�GRHV�GHVÀXUDQH�DQHVWKHVLD�DW����KRXUV�
after the surgery. TIVA seems to be a good choice of anesthetic plan 
for earlier functional recovery especially for ambulatory surgeries 
requiring faster functional recovery. 

REFERENCE:

British Journal of Anaesthesia 84(1):11-15 (2000)
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S-48.
A NEW METHOD FOR MEASURING DEPTH OF SEDATION 
IN BEAGLE DOGS; COMPARISON OF A NOVEL SEDATIVE 
TO PROPOFOL

AUTHORS: G. M. Belfort1, R. Hammond1, w. W. muir2, A. J. 
Robichaud1, Y. Ueyama2, S. J. Kanes3, J. Doherty1

AFFILIATION: 1Drug Discovery, Sage Therapeutics, Cambridge, 
MA, 2Veterinary Medicine, QTest Laboratories, Columbus, OH, 
3Clinical Development, Sage Therapeutics, Cambridge, MA

INTRODUCTION: A current challenge in developing novel drugs 
WDUJHWLQJ�VSHFL¿F�OHYHOV�RI�VHGDWLRQ��H�J���PRGHUDWH�VHGDWLRQ��LV�WKH�
ODFN�RI�VHQVLWLYH�SUHFOLQLFDO�DVVD\V��/RVV�RI�ULJKWLQJ�UHÀH[�LQ�URGHQWV�
and the induction of lateral recumbency in dogs are useful as gross 
measures of sedation, but not for measuring the depth of sedation.

METHODS: Here we report a novel behavioral method for 
measuring multiple levels of sedation in beagle dogs. This method 
uses auditory and somatosensory stimuli of increasing intensity 
WR�GH¿QH�IRXU� OHYHOV�RI�DOHUWQHVV�VHGDWLRQ�����$ZDNH�����0RGHUDWH�
Sedation, 3) Deep Sedation and 4) General Anesthesia.

RESULTS: Validation studies were performed with propofol and 
involved the rapid induction of general anesthesia (6 mg/kg IV 
over 1 minute) followed by sequential decrementing constant rate 
infusion steps (400 – 105 µg/kg/min), each lasting 50 minutes. 
Behavioral testing occurred after the bolus administration and at 
the 45 minute time point of each constant rate infusion step. Test 
article plasma concentration was measured 3 minutes after the 
bolus and at 15 minute intervals throughout the study. When plasma 
concentrations of propofol were normalized to the highest value 
observed during normal alertness (awake), small increases were 
required to achieve moderate sedation (MS, 1.6-fold), deep sedation 
(DS, 1.8-fold), and general anesthesia (GA, 2.5-fold). In contrast, 
the novel synthetic neuroactive steroid (NAS) sedative, SGE-746, 
exhibited a wider exposure-response relationship than propofol. 
When normalized to the test article plasma concentration upon 
recovery from sedation (while awake), much larger increases were 
required to achieve moderate sedation, deep sedation, and general 
anesthesia with SGE-746 (MS: 4.2-fold, DS: 5.3-fold, GA: 7.3-
fold) relative to propofol (Figure 1).

CONCLUSIONS: Results of these studies recapitulate in dogs the 
clinical observation that small increases in propofol exposure result 
in a rapid transition through multiple depths of sedation. In addition, 
the method presented here is useful for developing sedatives that 
WDUJHW�VSHFL¿F�GHSWKV�RI�VHGDWLRQ�

Figure 1. Plasma concentrations at each level of sedation were normalized 
to the plasma exposure measured at recovery from sedation (awake). Note 
that the fold increase in exposure required to move from moderate sedation 
to general anesthesia is larger (with shallower exposure-response) for the 
synthetic neuroactive steroid SGE-746 relative to propofol. Diamonds 
represent individual measurements. Crosshairs and whiskers are mean±stdev.
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PROPOFOL CONFERS CARDIOPROTECTION VIA HO-1 
DEPENDENT STAT3 ACTIVATION IN NORMAL RATS BUT 
VIA ADIPONECTIN DEPENDENT STAT3 ACTIVATION IN 
TYPE 1 DIABETIC RATS

AUTHORS: H. Li1, X. Mao1, M. G. Irwin1,2, G. T. Wong1,2, A. S. 
Clanachan3, P. M. Vanhoutte2,4, Z. Xia1,2,5

AFFILIATION:1Department of Anaesthesiology, Li Ka Shing 
Faculty of Medicine, The University of Hong Kong, Hong Kong, 
Hong Kong, 2Research Centre, Heart, Brain, Hormone & Healthy 
Aging, Hong Kong, Hong Kong, 3Department of Pharmacology, 
Faculty of Medicine and Dentistry, University of Alberta, 
Edmonton, Alberta, Canada, Edmonton, AB, Canada, 4Department 
of Pharmacology & Pharmacy, Research Centre of Heart, Brain, 
Hormone & Healthy Aging, Hong Kong, Hong Kong, 5State Key 
Laboratory of Pharmaceutical Biotechnology, The University of 
Hong Kong, Hong Kong, Hong Kong

INTRODUCTION: Ischemic heart disease leads to an exceedingly 
high mortality, especially in patients with diabetes. Propofol, an 
anesthetic with antioxidant and peroxynitrite scavenging properties, 
when given during early reperfusion (propofol postconditioning, 
PPC) attenuates myocardial ischemia/reperfusion injury (IRI)1. 
However, the underlying mechanism of PPC cardioprotection is 
unclear. Moreover, diabetic heart is more vulnerable to IRI and not 
sensitive to postconditioning (IPost) cardioprotection with unclear 
mechanism2. The aims of this study were to examine whether PPC 
cardioprotection is mainly achieved via scavenging peroxynitirite, 
and whether PPC is effective in diabetes. Further, we aimed to 
study the role of heme oxygenase-1 (HO-1) and signal transducer 
and activator of transcription 3 (STAT3), key proteins in IPost 
cardioprotection in PPC, and their association with adiponectin 
(APN), a molecule with anti-diabetic property.

METHODS: Control (C) and streptozotocin induced diabetic 
(D) adult Sprague-Dawley rats were subjected myocardial IRI 
induced by 30min coronary occlusion followed by 2 hours of 
reperfusion, without or with PPC [perfused with propofol, 2mg/

kg body weight], FeTPPS (peroxynitrite scavenger, 10mg/kg), or 
SIN-1 (peroxynitrite generator, 1.5 mg/kg) for 15min at the onset of 
reperfusion. Some of the D rats were injected with APN adenovirus 
(1X109 pfu) 7 days before inducing IRI. Cultured rat cardiac H9C2 
cells exposed to normal glucose (NG, 5mM) or high glucose (HG, 
30 mM) were subjected to 45min hypoxia and 90min reoxygenation 
(H/R) without or with HO-1, STAT3, or APN gene knock-down 
achieved by siRNA infection.

RESULTS:� 33&� VLJQL¿FDQWO\� UHGXFH� SRVW�LVFKHPLF� P\RFDUGLDO�
infarct size and plasma creatine kinase-MB release, accompanied 
with improved cardiac functions manifested as increased end 
systolic pressure and dP/dtmax, decreased end diastolic pressure 
and dP/dtmin in C rats (all P<0.05 PPC vs. C), concomitant with 
decreased peroxynitrite production and increased cardiac HO-1 and 
STAT3 phosphorylation (p-STAT3) at site Tyr705. All these changes 
were enhanced by the FeTPPS but abolished by SIN-1 (all P<0.05 
33&� YV�� &��� 6LPLODUO\�� 33&� VLJQL¿FDQWO\� UHGXFHG� SRVW�K\SR[LF�
lactate dehydrogenase release and apoptotic cells in cultured H9C2 
cells exposed to NG, where these cellular protection of PPC were 
cancelled by either HO-1 or STAT3 gene knock-down. However, 
cardioprotective effects of PPC were abolished in D rats and HG 
treated H9C2 cells, which was associated with decreased APN. 
APN supplementation restored PPC cardioprotection in D rats or 
HG treated cells, accompanied with increased p-STAT3 but not 
HO-1 expression, while STAT3 or APN gene knockdown but not 
HO-1 gene knockdown abolished APN-mediated restoration of PPC 
cardioprotection.

CONCLUSIONS: Under normal condition, PPC confers 
cardioprotection by HO-1-dependent STAT3 activation subsequent 
to reducing peroxynitrite, while under hyperglycemic condition, 
PPC confers cardioprotection via APN-dependent STAT3 activation.

REFERENCES: 

1. Clin Sci (Lond) 121:57-69

2. Free Radic Biol Med, 63C, 291-303
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S-50.
CALABADION II REVERSES STEROIDAL 
NEUROMUSCULAR BLOCKING AGENTS FASTER THAN 
SUGAMMADEX AND REVERSES THE EFFECTS OF 
BENZYLISOQUINOLINES, WITHOUT ALTERING THE 
EFFECTS OF SUCCINYLCHOLINE IN RATS

AUTHORS: I. Moreno Duarte1, F. Haerter1, J. Simons1, D. Diaz 
Gil1, K. Eikermann-Haerter2, L. Isaacs3, E. Matthias1

AFFILIATION:1Department of Anesthesia, Critical Care and 
Pain Medicine, Massachusetts General Hospital, Boston, MA, 
2Department of Radiology, Massachusetts General Hospital, Boston, 
MA, 3Department of Chemistry and Biochemistry, University of 
Maryland, Baltimore, MD

BACKGROUND: Neuromuscular blocking agents (NMBA) are 
used in more than 400 million patients each year. The NMBA-
associated increase in vulnerability for respiratory complications1 
is not ameliorated by the use of Neostigmine, a non-selective 
reversal agent2. Recently, the acyclic Cucurbit[n]uril-type molecular 
container Calabadion I was reported to reverse Rocuronium and 
&LVDWUDFXULXP�ZLWK�D�PRGHVW�ELQGLQJ�DI¿QLW\3. Here we present a 
QHZ�UHYHUVDO�DJHQW��&DODEDGLRQ�,,��ZLWK�KLJKHU�ELQGLQJ�DI¿QLW\�WR�
non-depolarizing NMBA. The main aim of this study is to evaluate 
the dose-response relationship of Calabadion II in reversing non-
depolarizing NMBA compared to the effects of other available 
reversal agents. We also evaluated the effects of previous Calabadion 
reversal of non-depolarizing NMBA on the effects of subsequent 
succinylcholine injection.

METHODS: In a translational pharmacophysiological interaction 
trial, 105 tracheotomized rats were instrumented and neuromuscular 
WUDQVPLVVLRQ�ZDV�TXDQWL¿HG�E\�DFFHOHURP\RJUDSK\��:H�DGPLQLVWHUHG�
the 2-fold ED90 of three NMBAs (Vecuronium, Cisatracurium, 
and Rocuronium) and tested the effects of different doses of four 
reversal agents (Neostigmine/Glycopyrrolate, Sugammadex, 
Calabadion I, Calabadion II) or saline as a placebo administered 
30 seconds after onset of apnea. Blood pressure and arterial blood 
gases were measured. Succinylcholine was administered after high-
dose Calabadion reversal in a subgroup of 13 rats 30 seconds after 
recovery from Vecuronium-induced neuromuscular blockade.

RESULTS: 1). Effectiveness on steroid-induced NMBA reversal: 
Following the administration of Rocuronium and Vecuronium, 
dose-response curves of Calabadion II reversal (Figure 1) were 
VLJQL¿FDQWO\�VKLIWHG�WR�WKH�OHIW�FRPSDUHG�ZLWK�SODFHER��1HRVWLJPLQH�
Glycopyrrolate, Sugammadex and Calabadion I (p<0.05). Adjusting 
by molecular weight, the dose-response curve of Calabadion 
,,� UHYHUVDO� RI� 9HFXURQLXP� ZDV� VLJQL¿FDQWO\� VKLIWHG� WR� WKH� OHIW�
compared to Sugammadex (p<0.05; Figure 2). 2). Effectiveness 
on benzylisoquinoline-induced neuromuscular blockade reversal: 
Calabadion II reversed Cisatracurium faster than Calabadion I, 
Placebo and Neostigmine, and its dose-response relationship was 
shifted to the right compared to their effectiveness to reverse 
steroidal NMBA (Figure 1) 3). Onset of apnea and recovery times 
following Succinylcholine injection were not statistically different 
among the rats pre-treated with Calabadion I or II (Figure 3).

CONCLUSION: Calabadion II is a selective broad spectrum 
reversal agent for non-depolarizing NMBA including both, 
VWHURLGV��ZLWK�DQ�LPSURYHG�SKDUPDFRNLQHWLF�SUR¿OH�FRPSDUHG�ZLWK�
Sugammadex) and benzylisoquinolines. Previous Calabadion I and 
II administration does not affect Succinylcholine-induced NMBA, 
indicating that Succinylcholine can be safely and effectively 
administered following Calabadion reversal.

REFERENCES:

1.  BMJ (Clinical Research Ed.), 345, e6329.

2.  Meyer et al. ASA abstracts,2013. 

3.  Angew Chem Int Ed Engl. 2012 Nov 5;51(45):11358-62
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PERIOPERATIVE ADULT CARDIAC SURGERY BLOOD 
UTILIZATION IN THE POST APROTININ ERA: A SINGLE 
CENTER, 4 YEAR, 634 PATIENT RETROSPECTIVE REVIEW. 

AUTHORS: A. D. Sharma, A. Al-Achi, D. Behrend, R. Hummel, 
M. Preston, J. F. Seccombe

AFFILIATION: Cardiac Anesthesia/Cardiac Surgery, St Vincent’s 
Hospital Heart Center, Green Bay, WI

INTRODUCTION: Cardiac surgery consumes 20% of the nations 
blood supply. After FDA withdrawal of Aprotinin in 2007, lysine 
DQDORJXHV� DUH� WKH� RQO\� SURSK\ODFWLF� DQWL� ¿EULQRO\WLFV� DYDLODEOH� WR�
reduce bleeding. To evaluate and manage post Aprotinin blood 
transfusion needs better, we investigated our blood utilization [up to 
72 hours postoperatively] from 2009 to 2012.

STUDY DESIGN: A retrospective, single center, observational 
study.

METHODS: After IRB approval, data were collected for 634 
patients. Patients who underwent cardiac surgery with CPB were 
LQFOXGHG��3DWLHQWV� UHFHLYHGڙ���DPLQRFDSURLF�DFLG�ZLWK����J�DV� WKH�
initial dose, followed by 2 g/hour by infusion. CPB management 
included a normothermic systemic temperature maintained at 37 C, 
Į�VWDW�S+�PDQDJHPHQW�� WDUJHWHG�PHDQ�SHUIXVLRQ�SUHVVXUH�EHWZHHQ�
������PP�+J�DQG�SXPS�ÀRZ�UDWHV�RI���������/�PLQ�P���+HSDULQ�
anticoagulation dosage was determined utilizing Hepcon HMS Plus 
(Medtronic Inc). During CPB, pericardial shed blood was salvaged 
into the cardiotomy suction reservoir and re-infused via the CPB 
circuit as long as the patient was anticoagulated. Post-CPB blood 
salvage and reinfusion was achieved by utilizing a continuous 
auto- transfusion system (C.A.T.STM). Data was reported as mean 
± standard deviation. For continuous variables we employed an 
Analysis of Variance test for comparing groups with respect to 
their mean values. Tukey HSD test was used as a post-hoc test for 
comparing groups pairwise while maintaining the error rate at 5%. 
For categorical variables we analyzed the data using a Chi-square 
method for independent group comparisons. P value of less than 
�����ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

RESULTS: Figures 1-5 patient demographics/blood/colloid 
utilization, 8 hour CTO, and CSB administered. A) Intraoperative. 
PRBC administration for all groups was 20.0%. CABG or MVR 
only groups had the lowest usage at 15.0%, (P<.0001). Highest 
utilization was for CABG+MVR group at 50.0%, (P<.0001). FFP 
administration for all groups was 11.0%. Lowest utilization was 
for CABG group at 3.0%, (P<.0001). Highest utilization was for 
double valve replacement group at 52.0%, (P<.0001). Platelet 
administration for all groups was 14.0%. Lowest utilization was 
for CABG only group at 8.0%, (P<.0001). Highest utilization 
was for CABG+MVR, and double valve replacement groups at 
48.0%, (P<.0001). Cryoprecipitate administration for all groups 
was 8.0%. Lowest utilization was for the CABG only or MVR 
groups at 4.0 and 3.0% respectively, (P<.0001). Highest utilization 
was for double valve replacement group at 52%, (P<.0001).  
B) Intraoperative hextastarch and 5% albumin utilization was 8% 
and 73% respectively. C) For all patients, mean cell saved blood 
administered, and 8 hour CTO cc (SD) was 716,(386)cc and 
455,(338)cc. D) Mean length of stay was 8.0,(5.9),5-8 days, highest 
for double valve replacement patients 14,(11),8-16 days (P<.05).

CONCLUSIONS: In the post Aprotinin era, despite efforts 
to reduce blood transfusions, administration of PRBC, FFP, 
platelet, and cryoprecipitate for all patient groups up-to 72 hours 
postoperatively was 47%, 18%, 24%, and 16%.

S-51 • CONTINUED ON NEXT PAGE
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Covariate  No DEX 
(n=499) !

DEX 
(n=204)!

p-value 

Age, mean (SD) Years 64.95(10.42) 64.03(10.79) 0.27 
Gender F 246 (49.3%) 80 (39.2%) 0.015 
  M 253 (50.7%) 124 (60.8%) . 
BMI, mean (SD)  26.73 (5.18) 27.29 (5.32) 0.133 
ASA  2 50 (10%) 24 (11.8%) 0.3274 
  3 416 (83.4%) 172 (84.3%) . 
  4 33 (6.6%) 8 (3.9%) . 
Diabetes mellitus N 456 (91.4%) 180 (88.2%) 0.1971 
  Y 43 (8.6%) 24 (11.8%) . 
Systemic hypertension N 275 (55.1%) 112 (54.9%) 0.9598 
  Y 224 (44.9%) 92 (45.1%) . 
Coronary artery disease N 416 (83.4%) 167 (81.9%) 0.6305 
  Y 83 (16.6%) 37 (18.1%) . 
Creatinine > 2 mg/dL N 493 (98.8%) 203 (99.5%) 0.6798 
  Y 6 (1.2%) 1 (0.5%) . 
Chronic obstructive N 422 (84.6%) 169 (82.8%) 0.5704 
pulmonary disease Y 77 (15.4%) 35 (17.2%) . 
Stroke N 483 (96.8%) 197 (96.6%) 0.8791 
  Y 16 (3.2%) 7 (3.4%) . 
Preoperative statins 0 348 (69.7%) 134 (65.7%) 0.2935 
  1 151 (30.3%) 70 (34.3%) . 
Preoperative 0 477 (95.6%) 200 (98%) 0.1842 
Nondihydropyridines  1 22 (4.4%) 4 (2%) . 
Postoperative atrial 0 406 (81.4%) 161 (78.9%) 0.4571 
fibrillation 1 93 (18.6%) 43 (21.1%) . 
Atrial fibrillation onset, mean (SD)  Days 3.05(1.79) 2.93(2.49) 0.146 
Hospital length of stay, mean (SD) Days 7.61(6.16) 8.26(7.04) 0.585 

!

Table 1: Demographic and outcome variables (unvariate analysis).
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DEXMEDETOMIDINE DOES NOT PREVENT 
POSTOPERATIVE ATRIAL FIBRILLATION AFTER LUNG 
CANCER SURGERY

AUTHORS: D. Ai1, G. Xu2, J. Yu3, L. Feng4, J. Banchs5, J. P. Cata3

AFFILIATION:1Anesthesiology and Perioperative Medicine, 
The University of Texas - MD Anderson Cancer Center, Houston, 
TX, 2Anesthesiology, Henan Cancer Hospital, Hunan, China, 
3Anesthesiology and Perioperative Medicine, The University of 
Texas - MD Anderson Cancer Cente, Houston, TX, 4Biostatistics, 
The University of Texas - MD Anderson Cancer Center, Houston, 
TX, 5Cardiology, The University of Texas - MD Anderson Cancer 
Cente, Houston, TX

INTRODUCTION:� 3RVWRSHUDWLYH� DWULDO� ¿EULOODWLRQ� �$)�� LV�
a common complication after thoracic surgery1. Although the 
physiopathogenesis of this arrhythmia is poorly understood in the 
context of non-cardiac surgery; catecholamines, as part of the so 
called surgical stress response, have been speculated to be of the 
main factors.1 Dexmedetomidine (DEX), a selective alpha2-agonist, 
strongly modulates the activity of the sympathetic system which is 
VLJQL¿FDQWO\�LQFUHDVHG�GXULQJ�VXUJHU\��KHQFH�RXU�K\SRWKHVLV�LV�WKDW�
the use of intraoperative catecholamines during lung cancer surgery 
reduces the incidence of postoperative AF.

METHODS: After obtaining Institutional Review Board approval 
from our institution, we reviewed electronic medical records from 
patients who underwent lung cancer resection within 2004 and 
2008. We obtained medical information regarding age, gender, body 
mass index, ASA status, co-morbodities, preoperative medications 
and the use of DEX intraoperatively. We excluded patients younger 
than 18 years-old and with history of chronic AF. Descriptive 
statistics including mean, standard deviation, median, and range 
for continuous variables are provided. Frequency counts and 
percentages for categorical variables are provided. Fisher’s exact test 
or Chi-square test was used to evaluate the association between two 
categorical variables. Wilcoxon rank sum test was used to evaluate 
the difference in a continuous variable between patient groups. 
Logistic regression models were used for multivariate analysis to 
LQFOXGH� LPSRUWDQW� DQG� VLJQL¿FDQW� FRYDULDWHV�� 6WDWLVWLFDO� VRIWZDUH�
SAS 9.1.3 (SAS, Cary, NC) and S-Plus 8.0 (TIBCO Software Inc, 
Palo Alto, CA) were used for all the analyses.

RESULTS: We collected data from 703 patients with the mean age 
of 64.69 +/- 10.53 years (Table 1). The overall rate of postoperative 
AF was 19.35% (n= 136) with a mean onset 3.01 +/- 2.03 days. 
The rate of conversion to normal sinus rhythm after treatment was 
97.79% and recurrence of AF was 94.0%. All patients had general 
balanced anesthesia. Two-hundred and four (29.02%) patients 
received DEX intraoperatively, the reminder did not. Our analysis 
demonstrated that there were more male (60.8%) in the DEX group 
than in the control group (50.7%, p=0.015). The incidence of 
SRVWRSHUDWLYH�$)�ZDV� FRPSDUDEOH� DQG� QRW� VWDWLVWLFDOO\� VLJQL¿FDQW�
(p=0.46) between DEX (21.1%) and non-DEX (18.6%) treated 
patients. The mean onset time of the arrhythmia was similar in both 
group of patients (DEX: 2.93 +/- 2.49 days versus non-DEX: 3.05 
+/- 1.79 days, p=0.1465). The multivariate analysis showed that 
male gender, age and preoperative use of non-dyhydroperidine was 
associated with postoperative AF (table 2)

CONCLUSION: The use of dexmedetomidine intraoperatively 
was not associated with a lower incidence of postoperative AF after 
lung cancer surgery. Our study has several limitations. First, this a 
retrospective study; hence, there are unknown factors that may have 
affected our results. Second, data on betablockers administration 
was not available.

[1] Semin Thorac Cardiovasc Surg. (22) 310-20, 2010.

[2] Curr Pharm Des. (18) 6257-65, 2012.
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PROSPECTIVE RANDOMIZED CLINICAL TRIAL 
COMPARING ROUTINE INTRAOPERATIVE 
TRANSESOPHAGEAL ECHOCARDIOGRAPHY TO 
STANDARD CARE DURING RADICAL CYSTECTOMY

AUTHORS: S. Kellman, J. D. Roberts, M. Chaney, E. Negron

AFFILIATION: Department of Anesthesia and Critical Care, The 
University of Chicago Medicine, Chicago, IL

INTRODUCTION: Radical cystectomy is an invasive surgery 
often performed on patients who have multiple co-morbidities, 
DQG� FDQ� UHVXOW� LQ� VLJQL¿FDQW� PRUELGLW\� DQG� PRUWDOLW\� UDWHV� �����
and 3%, respectively), making the maintenance of intraoperative 
hemodynamic stability more important/challenging.1,2 We 
hypothesized that transesophageal echocardiography (TEE) 
might be helpful in monitoring patient’s volume status and 
contractility to guide management. Thus, a prospective randomized 
clinical trial was developed to compare the use of intraoperative 
TEE to standard care.

METHODS: A clinical trial was performed after IRB approval/
informed consent was obtained. Patients undergoing elective radical 
cystectomy were prospectively randomized into two groups, the 
¿UVW�DVVLJQHG�WR�D�7((�ERDUG�FHUWL¿HG�FDUGLDF�DQHVWKHVLRORJLVW�ZKR�
utilized TEE for monitoring throughout the intraoperative period. 
The second group was assigned to a general anesthesiologist who did 
not use TEE. Both groups received standardized perioperative care, 
with the same anesthetic technique, medications, and mechanical 
ventilation parameters given to each, with the goal of extubation at 
the end of the procedure.

RESULTS: A total of sixty patients were studied. Each group had 
comparable preoperative characteristics (i.e. age, height, weight, 
JHQGHU�� DQG� $6$� FODVVL¿FDWLRQ��� ,QWUD�RSHUDWLYHO\�� WKH\� UHFHLYHG�
similar resuscitation using crystalloid (TEE 3528 vs. 4090 cc), 
colloid (TEE 688 vs. 697), and pRBCs (TEE 0.8 vs. 1.8 units). They 
also had comparable wound closure arterial oxygenation (TEE 
275 mmHg vs. 295 mmHg). All 28 TEE patients were extubated 
in the operating room, but 3 of the 32 patients in the control group 
required postoperative mechanical ventilation. The TEE group 
had 11 morbidities/ 0 mortalities while the control group had 13 
morbidities/ 1 mortality. While differences were not statistically 
VLJQL¿FDQW�� 7((� SDWLHQWV� KDG� D� ORZHU�PHDQ� ,&8� /HQJWK� RI� 6WD\�
(LOS) (0.8 days vs. 1.1 days) and Hospital LOS (9.0 days vs. 10.6 
days) when compared to non-TEE monitored patients. These results 
seem to indicate that the patients who received TEE monitoring 
required less postoperative mechanical ventilation and were 
discharged from the ICU/Hospital sooner than their counterparts.

CONCLUSIONS: Radical cystectomy is a surgery associated with 
major blood loss in high-risk patients. Although the use of a cardiac 
anesthesiologist utilizing TEE might be assumed to be advantageous 
for these patients when compared to monitoring by a general 
anesthesiologist without TEE, our study found that there were no 
VLJQL¿FDQW� GLIIHUHQFHV� EHWZHHQ� JURXSV� LQ� WHUPV� RI� LQWUDRSHUDWLYH�
ÀXLG�PDQDJHPHQW��+RZHYHU�� WKH� WUHQGV� WRZDUG� OHVV� LQWUDRSHUDWLYH�
pRBC use, fewer patients requiring postoperative mechanical 
ventilation, and earlier ICU/Hospital discharge in patients managed 
by a cardiac anesthesiologist with intraoperative TEE are intriguing 
and require further study.

REFERENCES:

1. J Urol 179:1313-1318, 2008

2. Eur Urol 51:397-402, 2007



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-54

S-54.
WITHDRAWN.



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-55

S-55.
PREOPERATIVE PLATELET COUNT IMPROVES TEG-
BASED PREDICTION OF THROMBOCYTOPENIA AFTER 
CARDIOPULMONARY BYPASS

AUTHORS: G. A. Hans, L. Roediger, B. Hubert, D. Ledoux,  
J. Brichant, M. Senard

AFFILIATION:Anesthesia and Intensive Care Medicine, CHU of 
Liege, Liege, Belgium

INTRODUCTION: Coagulation is frequently deranged after 
on-pump cardiac surgery. Early goal-directed therapy in bleeding 
patients is thought to reduce overall exposure to blood products 
and to improve outcome. Thromboelastography (TEG) has the 
advantage of being readily available and to assess whole blood 
clotting. However its sensitivity for detecting a low platelet count 
DQG�D�ORZ�¿EULQRJHQ�OHYHO�PLJKW�EH�ORZ�LQ�WKH�SHULRSHUDWLYH�VHWWLQJ1. 
We tested the hypothesis that taking into account the preoperative 
platelet count in addition to TEG parameters obtained after 
cardiopulmonary bypass (CPB) would improve the sensitivity to 
detect a low platelet count after CPB.

METHODS: After IRB approval, data were retrospectively 
collected on 67 consecutive adult patients considered at risk of 
bleeding after cardiac surgery involving CPB. Preoperatively, a 
platelet count and usual clotting tests were available for all patients. 
Heparinase TEG (TEG® 5000, Haemoscope Corp®, IL, USA), 
platelet count and usual clotting tests were obtained after CPB, 10 
minutes after protamine administration. TEG parameters associated 
ZLWK�D�SRVWRSHUDWLYH�SODWHOHW�FRXQW������������O���ZHUH�LGHQWL¿HG�
in a stepwise backward multiple logistic regression model with a 
P value threshold of 0.05 for leaving the model. The nested model 
including TEG parameters only was then compared with a full 
model comprising both the preoperative platelet count and the TEG 
parameters using the likelihood ratio test.

RESULTS: The maximal amplitude (MA) was the only TEG 
SDUDPHWHU�VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�D�SODWHOHW�FRXQW�ORZHU�WKDQ�
100 103 µl-1 after CPB (P < 0.001). In this TEG-based model, best 
VHQVLWLYLW\����������DQG�VSHFL¿FLW\����������IRU�GHWHFWLQJ�SDWLHQWV�
ZLWK�SODWHOHWV������������O���ZHUH�REWDLQHG�XVLQJ�0$�����PP�DV�D�
threshold value. Adding the preoperative platelet count to the TEG-
EDVHG�PRGHO� UHVXOWHG� LQ� D� VLJQL¿FDQW� LPSURYHPHQW� RI� WKH� PRGHO�
(P=0.018). Figure 1 shows how the preoperative platelet count 
affects the probability of having a platelet count < 100 103 µl-1 
after CPB according to whether MA is superior to 60 mm or not.

CONCLUSIONS: Taking into account the preoperative 
SODWHOHW� FRXQW� UH¿QHV� WKH� 7(*�EDVHG� GLDJQRVWLF� SUREDELOLW\� RI�
thrombocytopenia after CPB. The impact of the preoperative 
platelet count on the probability of thrombocytopenia after CPB 
seems particularly important when MA is above 60 mm. The impact 
RI�WKH�¿EULQRJHQ�OHYHO�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�0$�DQG�SODWHOHW�
count deserves further investigations.

REFERENCE:

1.  Thromboelastography (TEG(R)) compared to conventional 
coagulation tests in surgical patients--a 
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IS TRANSFUSION ASSOCIATED WITH DECREASED 
GRAFT PATENCY AFTER CARDIAC SURGERY?

AUTHORS: M. Engoren1, T. A. Schwann2, E. Jewell1, S. Neill1,  
P. Benedict1, D. Likosky3, R. H. Habib4

AFFILIATION: 1Anesthesiology, University of Michigan, Ann 
Arbor, MI, 2Cardiothoracic Surgery, University of Toledo, Toledo, 
OH, 3Cardiac Surgery, University of Michigan, Ann Arbor, MI, 
4Internal Medicine, American University of Beirut, Beirut, Lebanon

INTRODUCTION: Blood transfusion has been repeatedly 
associated with increased long-term mortality after coronary artery 
bypass grafting (CABG),1 but a mechanism has not been found. We 
hypothesized that transfusion of red blood cells (RBC) would be 
associated with earlier graft occlusion.

METHODS: After CABG, coronary angiograms were done by 
the patients’ cardiologists based on the development of symptoms 
suggestive of recurrent coronary artery disease. Angiograms 
were performed and read by the patients’ cardiologists, who were 
generally unaware of the patients’ perioperative transfusion history. 
Cox modeling with adjustment for demographics, comorbidities, 
DQG�PHGLFLQH�XVH�DQG�ZLWK�VWUDWL¿FDWLRQ�WR�FRQWURO�IRU�WKH�GLIIHUHQW�
number of grafts per patient was used to determine the hazard 
UDWLRV��3�������DQG�����FRQ¿GHQFH�LQWHUYDOV�WKDW�H[FOXGHG���GHQRWHG�
VWDWLVWLFDO�VLJQL¿FDQFH�

RESULTS: 940 patients with 3 + 1 (mean + standard deviation) 
grafts were studied 2.4 + 2.0 yr after CABG. 539 of 940 patients 
(57%) had 1 or more occluded grafts. In the initial model, there was 
a trend to earlier graft closure (hazard ratio = 1.22, 95% CI = 0.96 - 
������S� ������IURP�5%&�ZLWK�D�VPDOO�QRQ�VLJQL¿FDQW�5%&�NHWRURODF�
interaction (1.05, 0.73 - 1.52, p = 0.80). With the interaction term 
removed, use of RBC was statistically associated with graft closure 
������� ����� ������� S�  � ������ ,Q� WKH� ¿QDO� PRGHO�� 5%&� VKRUWHQHG 
time to graft occlusion (Table & Figure), while ketorolac delayed 
graft occlusion.

CONCLUSION: After adjustment, RBC had a small but statistically 
VLJQL¿FDQW�DVVRFLDWLRQ�ZLWK�HDUOLHU�JUDIW�RFFOXVLRQ��WKDW�ZDV�SDUWLDOO\�
ameliorated by ketorolac.

REFERENCE: 1: Ann Thorac Surg 2002;74:1180-6

Median Time to Graft Occlusion

3.822.964.88 Time (yr) ����FRQ¿GHQFH�
interval (yr)

Ketorolac = no, RBC = no 2.55 2.223 - 2.90

Ketorolac = yes, RBC = no 4.24 3.86 - 4.97

Ketorolac = no, RBC = yes 2.32 1.98 - 2.81

Ketorolac = yes, RBC = yes 3.82 2.96 - 4.88
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ESTIMATION OF CARDIAC OUTPUT BY NINE DIFFERENT 
PULSE CONTOUR ALGORITHMS IN CARDIAC SURGERY 
PATIENTS

AUTHORS: O. Broch1, A. Carstens2, M. Gruenewald3, 
M. Albrecht2, J. Renner4

AFFILIATION:1Department of Anesthesiology and Intensive 
Care Me, University Schleswig-Holstein, Campus Kiel, Kiel, 
Germany, 2Department of Anesthesiology and Intensive Care 
Medicine, University Hospital Schleswig-Holstein, Kiel, Germany, 
3Department of Anesthesiology and Intensive Care Medicine, 
University Hospital SH, Kiel, Kiel, Germany, 4Depaertment of 
Anesthesiology and Intensive Care Medicine, University Hospital 
Schleswig-Holstein, Campus Kie, Kiel, Germany

INTRODUCTION: Several studies could demonstrate that goal-
directed perioperative optimization of cardiac output (CO) is 
DVVRFLDWHG�ZLWK�EHQH¿FLDO�HIIHFWV�RQ�ERWK�PRUELGLW\�DQG�WKH�OHQJWK�
of stay on the intensive care unit1��:LWK�UHVSHFW�WR�ULVN�EHQH¿W�UDWLR��
invasive procedures like right heart catheterization are not always 
MXVWL¿HG�RU�SUDFWLFDEOH��7KHUHIRUH��OHVV�LQYDVLYH��VLPSOH�WR�LQWHUSUHW�
and quickly available continuous monitoring of CO without the need 
for calibration has gained increasing interest. The aim of our study 
was to investigate the accuracy of CO generated by nine different 
pulse contour algorithms (COX1-X9) in patients undergoing coronary 
artery bypass grafting (CABG) with CO by transcardiopulmonary 
thermodilution (COTPTD).

METHODS: The study was conducted according to the Ethical 
Principles for Medical Research involving Human Subjects outlined 
in the Declaration of Helsinki.

15 patients scheduled for elective CABG operation were studied 
after induction of anesthesia and before starting operation. Each 
patient was monitored with the PiCCO system (Pulsion® Medical 
System, Munich, Germany), a central venous line and an esophageal 
doppler probe with integrated pulse contour algorithms (CardioQTM, 
Deltex MedicalTM, Chichester, UK). CO by esophageal doppler was 
used to calibrate the different pulse contour algorithms. Thereafter, 
a passive leg raising maneuver was performed. Hemodynamic 
variables included measurement of COTPTD, CODoppler and COX1-X9 
before, during and after passive leg raising. Statistical analysis 
included correlations, Bland-Altman analysis and percentage 
changes in CO.

RESULTS:�7KHUH�ZDV�D�VLJQL¿FDQW�FRUUHODWLRQ�EHWZHHQ�&2Doppler, 
COX1-X9 and COTPTD. Bland-Altman analysis of CODoppler, COX1-X9 
and COTPTD was represented in Table 1. With respect to percentage 
FKDQJHV� LQ� &2�� DOO� SXOVH� FRQWRXU� DOJRULWKPV�ZHUH� DEOH� WR� UHÀHFW�
hemodynamic changes with moderate fashion due to the passive leg 
raising maneuver. However, the oldest algorithm X4 seems to be 
one of the most accurate methods for measuring CO.

CONCLUSIONS: CO measurement by nine different semi-
invasive pulse contour algorithms showed different accuracy 
providing CO compared with TPTD. Best performance was 
observed for the oldest algorithm. With respect to hemodynamic 
changes semi-invasive algorithms showed different ability for 
tracking trends in CO.

REFERENCES:

1. Hamilton MA. Anesth Analg, 2011; 112:1392-402.

7DEOH�����%ODQG�$OWPDQ�DQDO\VLV�VKRZLQJ�����OLPLWV�RI�DJUHHPHQW��FRQ¿GHQFH�LQWHUYDO�DQG�SHUFHQWDJH�HUURU�GXULQJ�
SDVVLYH�OHJ�UDLVLQJ��3/5���IRU�FDUGLDF�RXWSXW�E\�HVRSKDJHDO�GRSSOHU��&2Doppler) and nine different pulse contour 
algorithms (COX1-X9) compared with CO by transcardiopulmonary thermodilution (COTPTD).

PLR PLR

CO 
Doppler

CO X1 CO X2 CO X3 CO X4 CO X5 CO X6 CO X7 CO X8 CO X9

(L/min) (L/min) (L/min) (L/min) (L/min) (L/min) (L/min) (L/min) (L/min) (L/min)

Mean (L/min) 2.65 2.59 2.55 2.57 2.57 2.64 2.58 2.6 2.53 2.56

Bias (L/min) 0.09 0.15 0.19 0.17 0.17 0.1 0.16 0.14 0.21 0.18

SD of bias (L/
min)

0.65 0.68 0.61 0.61 0.46 0.57 0.59 0.68 0.6 0.59

CI of LOA (L/
min)

0.17 0.19 0.21 0.2 0.18 0.17 0.21 0.22 0.19 0.2

95% Limits of 
agreement (L/

min)

-1.37
to

+ 1.19

-1.48
to

+1.18

-1.39
to

+1.01

-1.37
to

+1.03

-1.07
to

+0.73

-1.21
to

+1.01

-1.33
to

+1.01

-1.48
to

+1.19

-1.37
to

+0.95

-1.35
to

+0.99

CODoppler: cardiac output by esophageal doppler probe; COX1-X9: cardiac output by different pulse contour algorithms; COTPTD: cardiac output 
E\�WUDQVFDUGLRSXOPRQDU\�WKHUPRGLOXWLRQ��&,�RI�/2$��FRQ¿GHQFH�LQWHUYDO�RI�WKH�OLPLWV�RI�DJUHHPHQW��3/5��SDVVLYH�OHJ�UDLVLQJ�
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INCIDENCE OF POSTOPERATIVE ACUTE RENAL 
DYSFUNCTIONS DEPENDENT ON SURGICAL 
PROCEDURE USED IN RADICAL OPERATION FOR 
ABDOMINAL AORTIC ANEURYSM - OPEN ARTIFICIAL 
GRAFT REPAIR VS. ENDVASCULAR AORTIC REPAIR

AUTHORS: R. Tanii, R. Okutani

AFFILIATION:Anesthesiology, Osaka City General Hospital, 
Osaka, Japan

INTRODUCTION: Generally, renal function is deteriorated after 
surgery. Especially in patients with an abdominal aortic aneurysm 
(AAA), the risk of perioperative acute kidney injury (AKI) is 
high due to background factors and operative site. We compared 
$.,� LQFLGHQFH� EHWZHHQ� RSHQ� VXUJLFDO� JUD¿QJ� UHSDLU� �25�� DQG�
endovascular aortic repair (EVAR) in patients who underwent 
operation for an AAA.

METHODS: One hundred ninety-two patients underwent AAA 
surgery in the period from January 2007 to November 2013 
in our institution. Reoperation, thoraco-abdominal aneurysm, 
simultaneous heart-abdominal surgery, fatal, and dialysis cases 
were excluded. General anesthesia was administered to all patients. 
)RU� GH¿QLQJ� $.,�� ZH� XVHG� WKH� $.,1� FULWHULD� SXEOLVKHG� $FXWH�
Kidney Injury Network and the severity was also staged using this 
criteria. Using preoperative serum creatinine (SCr) as a baseline, 
the maximum SCr level within postoperative day 5 was used for 
staging, as follows. Stage 1, elevation of more than or equal to1.5 
times to 2.0 times or increase more than or equal to 0.3 mg/dL; 
Stage 2, elevation of 2 times to 3 times; stage 3, elevation of 3 times 
or more from baseline.

RESULTS: We analyzed 87 patients who underwent open repair 
VXUJHU\� DQG����ZKR�XQGHUZHQW�(9$5��7KHUH�ZHUH�QR� VLJQL¿FDQW�
differences regarding patient background factors (age, sex, disease 
history, history of present illness) and anesthetic procedures. In the 
87 who underwent open repair surgery (including 13 emergency 
operations for rupture), AKI developed in 17 (6 emergency cases). 
$V�IRU�VWDJLQJ��������HPHUJHQF\�FDVHV��ZHUH�FODVVL¿HG�DV�6WDJH���������
emergency cases) as Stage 2, and 1 (emergency case) as Stage 3. Of 
the 90 EVAR patients (9 emergency cases), AKI developed in 5 (no 
HPHUJHQF\�FDVHV���ZKLOH���DQG���FDVHV�ZHUH�FODVVL¿HG�DV�6WDJH���DQG�
���UHVSHFWLYHO\��7KHUH�ZDV�D�VLJQL¿FDQW�GLIIHUHQFH�LQ�$.,�LQFLGHQFH�
between the operative procedures regardless of emergency cases or 
not.(p=0.042)Hospital stay, ICU stay and the days until a meal start 
DQG�D�ZDON�VWDUW�DIWHU�RSHUDWLRQ�ZHUH�DOO�VLJQL¿FDQW�VKRWHU�LQ�(9$5�
patients than in OR patients.(all p<0.0001)

DISCUSSION: It is known that deterioration of renal function after 
AAA surgery is an important complication. Reduced renal blood 
ÀRZ�DVVRFLDWHG�ZLWK�DRUWLF�RFFOXVLRQ�LV�FRQVLGHUHG�WR�EH�WKH�PDLQ�
cause in cases of OR surgery and contrast-induced nephropathy is 
WKH�OLNHO\�FDXVH�LQ�(9$5�FDVHV��2XU�¿QGLQJV�VKRZ�WKDW�WKH�FKRLFH�RI�
surgical procedure itself has an effect and highlights the importance 
of protecting renal function of patients with an AAA.

&RQFOXVLRQ��7KH�SRVWRSHUDWLYH�LQFLGHQFH�RI�$.,�ZDV�VLJQL¿FDQWO\�
reduced in AAA patients who underwent an EVAR procedure.

REFERENCES: 

1)   Kidney Int 2012; 82: 516-24 2)Crit Care 2007, 11: R31 3)
Anestheiology 2013; 118; 1446-54
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A DOUBLE-BLIND, RANDOMIZED, PLACEBO 
CONTROLLED TRIAL OF PERIOPERATIVE 
INTRAVENOUS ACETAMINOPHEN IN CARDIAC 
SURGERY 

AUTHORS: W. P. Choi1, S. Jelacic1, K. C. Cain2, P. Richebe3

AFFILIATION:1Department of Anesthesiology and Pain 
Medicine, University of Washington, Seattle, WA, 2Department of 
Biostatistics, University of Washington, Seattle, WA, 3Département 
d’anesthésiologie, Université de Montreal, Montreal, QC, Canada

INTRODUCTION: Cardiac surgery patients experience 
VLJQL¿FDQW�SDLQ�GXULQJ�WKH�¿UVW����KRXUV�DIWHU�VXUJHU\1, leading to 
increased sympathetic nervous system activation and a heightened 
hormonal stress response. Improved pain control after sternotomy 
has the potential to reduce adverse patient outcomes2. Intravenous 
(IV) acetaminophen was recently approved by the Food and Drug 
Administration for the management of moderate to severe pain 
as an adjunct to opioids and has the potential to improve acute 
postoperative analgesia after cardiac surgery.

METHODS: A total of 68 patients were enrolled in this single 
center, double-blind, randomized, placebo controlled trial. 2 of 68 
patients were excluded due to duration of mechanical ventilation 
longer than 24 hours. 66 patients were randomized to receive 
either 1000 mg of IV acetaminophen or placebo immediately after 
induction (but prior to incision), at the end of surgery, and then 
HYHU\���KRXUV�IRU�WKH�¿UVW����KRXUV�LQ�WKH�LQWHQVLYH�FDUH�XQLW��,&8���
Postoperative pain management was administered per standard 
cardiac surgery protocol. Total opioid consumption for 24 and 48 
hours post sternotomy was collected from the electronic medication 
administration record and converted into morphine equivalents. The 
incision pain scores using the numerical response scale and the extent 
of mechanical hyperalgesia was assessed at 24 and 48 hours post 
sternotomy by investigators (PR and SJ) per previously described 
methods3. Patient satisfaction survey was also administered by the 
investigators (PR and SJ) at 48 hours post sternotomy.

RESULTS: The baseline characteristics of the subjects in the 
acetaminophen and placebo groups were similar. The differences 
in postoperative 24-hour opioid consumption, extent of mechanical 
hyperalgesia and pain scores (at rest and with movement) were not 
VWDWLVWLFDOO\� VLJQL¿FDQW� EHWZHHQ� WKH� DFHWDPLQRSKHQ� DQG� SODFHER�
groups (p=0.061, p=0.473, p=0.724 and p=0.638, respectively). In 
addition, at 48 hours post sternotomy, there were no statistically 
VLJQL¿FDQW�GLIIHUHQFHV�LQ�RSLRLG�FRQVXPSWLRQ��H[WHQW�RI�PHFKDQLFDO�
hyperalgesia and pain scores between the acetaminophen and 
placebo groups (table 1). However, in patients over the age of 
��� \HDUV� �Q ����� WKHUH� ZDV� D� VWDWLVWLFDOO\� VLJQL¿FDQW� GHFUHDVH� LQ�
postoperative 24-hour opioid consumption among those patients 
ZKR� UHFHLYHG� ,9� DFHWDPLQRSKHQ� YV�� SODFHER� �S ������� ¿JXUH� ����
7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�LQ����KRXU�VXUYH\�
responses between the acetaminophen and placebo groups.

CONCLUSION: The addition of IV acetaminophen in the acute 
pain management of cardiac surgery patients at our institution 
GLG� QRW� UHVXOW� LQ� D� VWDWLVWLFDOO\� VLJQL¿FDQW� GHFUHDVH� LQ� RSLRLG�
consumption, the extent of mechanical hyperalgesia or pain scores. 
However, in patients older than 50 years of age, IV acetaminophen 
VLJQL¿FDQWO\� UHGXFHG� RSLRLG� FRQVXPSWLRQ� LQ� WKH� ¿UVW� ��� KRXUV�
following sternotomy.

REFERENCES:

1.J Cardiothorac Vasc Anesth 2011; 25(6): 1163-78.

2.Anesth Analg 2007; 104: 689-702.

3.J Cardiothorac Vasc Anesth 2011; 25(6): 917-25.
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EVALUATION OF DIASTOLIC DYSFUNCTION IN 
PATIENTS UNDERGOING TRANSCATHETER AORTIC 
VALVE REPLACEMENT.

AUTHORS: J. M. Chan1, P. N. Kampaktsis2, F. Y. Lin2, I. Hriljac2, 

R. B. Devereux2, A. Salemi3, N. J. Skubas1

AFFILIATION:1Department of Anesthesiology, Weill Cornell 
Medical College, New York, NY, 2Department of Cardiology, 
Weill Cornell Medical College, New York, NY, 3Department 
of Cardiothoracic Surgery, Weill Cornell Medical College, New 
York, NY

INTRODUCTION: Diastolic dysfunction in patients with aortic 
stenosis is associated with increased mortality1, 2. The validity of the 
American Society of Echocardiography (ASE) recommendations for 
evaluating diastolic function3 in patients undergoing transcatheter 
DRUWLF�YDOYH�UHSODFHPHQW��7$95��KDV�\HW�WR�EH�GH¿QHG�

METHODS: The ASE recommendations were retrospectively 
assessed in 229 consecutive patients who underwent TAVR with 
the Edwards SAPIEN balloon-expandable prosthetic valve. Patients 
with mitral or aortic regurgitation >1+ were excluded. A decreased 
septal (<8 cm/s) and lateral (<10 cm/s) early diastolic myocardial 
YHORFLW\��H¶��DQG�HOHYDWHG� OHIW�DWULDO�YROXPH�LQGH[��/$9,�����PO�
m2) were used for the diagnosis of diastolic dysfunction. Grading 
was performed using at least two of the ASE diastolic parameters: 
WKH� WUDQVPLWUDO� HDUO\� �(�� WR� ODWH� �$��¿OOLQJ�YHORFLW\� �(�$�� UDWLR��(�
GHFHOHUDWLRQ�WLPH��'7���(�H¶�UDWLR��SXOPRQDU\�YHLQ�ÀRZ��39)��DWULDO�
reversal - A duration (Ar-A), and PVF systolic / diastolic velocity 
(S/D) ratio.

RESULTS: 91 patients were included in the analysis. Of these, 64 
patients (70%) were diagnosed with diastolic dysfunction (grades I 
to III), while 25 patients (27%) could not meet the three diagnostic 
parameters for diastolic dysfunction (see table 1). 27 (42%) patients 
ZLWK�GLDVWROLF�G\VIXQFWLRQ�KDG�GHFUHDVHG�HMHFWLRQ�IUDFWLRQ��GH¿QHG�
DV� ������ DQG� ��� ������ KDG� DWULDO� ¿EULOODWLRQ��'HSHQGLQJ� RQ� WKH�
FULWHULD� XVHG� IRU� FODVVL¿FDWLRQ�� WKHUH� ZDV� FRQVLGHUDEOH� YDULDWLRQ�
in the number of patients within each diastolic dysfunction grade 
(see table 2). Analyzing the same criteria in combination failed to 
SURYLGH�PHDQLQJIXO�FODVVL¿FDWLRQ�IRU�WKH�PDMRULW\�RI�SDWLHQWV�

CONCLUSIONS: The majority of the TAVR patients were 
diagnosed with grade I diastolic dysfunction (impaired relaxation). 
This may be due to their relatively preserved ejection fraction. 
However, the assessment of the severity of diastolic dysfunction 
varies depending on the criteria utilized. The ASE recommendations 
for diastolic function evaluation should be examined in larger 
TAVR cohorts to explore which criteria may be associated with 
perioperative risk and outcomes.

REFERENCES:

1. European Heart Journal 1997; 18:1977-1987

2.  Journal of Thoracic and Cardiovascular Surgery 2005; 129:890-
896

3.  Journal of the American Society of Echocardiography 2009; 
2:107-133
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PREDICTION OF ICU LENGTH OF STAY AFTER CARDIAC 
SURGERY FROM NEURAL NETWORK ANALYSIS OF PRE-
OPERATIVE FACTORS

AUTHORS: S. Pothula1, R. J. LaFaro2, C. Devlin3, M. A. Inchiosa

AFFILIATION:1Anesthesiology, New York Medical College, 
Valhalla, NY, 2Surgery, New York Medical College, Valhalla, 
NY, 3Pharmacology, New York Medical College, Valhalla, NY, 
4Pharmacology/Anesthesiology, New York Medical College, 
Valhalla, NY

INTRODUCTION: We previously presented our application 
of predictive analytical techniques to estimate ICU length of stay 
(LOS) after cardiac surgery; the possible prognosticators for this 
outcome included 36 pre-incision variables.1 We present here our 
FRPSDULVRQ�RI�OLQHDU�DQG�DUWL¿FLDO�QHXUDO�QHWZRUN��$11��PRGHOLQJ�
of 28 SUH�RSHUDWLYH variables, in an attempt to identify even earlier 
factors that may contribute to ICU-LOS.

METHODS: New York Medical College IRB approval was 
REWDLQHG� WR� FROOHFW� GDWD� ZLWK� FRPSOHWH� FRQ¿GHQWLDOLW\� IURP� WKH�
entire medical records of a total of 219 patients, to date, who 
underwent CABG or valve surgeries, or a combination of both. All 
of the patients underwent surgery with cardiopulmonary bypass. 
The “Automatic Linear Modeling” module of IBM SPSS Amos 21 
statistical software was applied to the following set of a total of 28 
pre-operative variables (data collection did not extend beyond the 
pre-anesthetic assessment):

NOMINAL FACTORS: Use of an ACE inhibitor, beta blocker, 
RU�D�VWDWLQ�GUXJ��SUHVHQFH�KLVWRU\�RI�DWULDO�¿EULOODWLRQ��$¿E���DFXWH�
coronary syndrome, serum creatinine >1.3, diabetes, heart failure 
(HF), hypercholesterolemia, hypertension; history of previous 
cardiac surgery, smoking during previous 5 years; existing 
pacemaker; pre-operative intra-aortic balloon pump (IABP), cardiac 
pacing, use of positive inotropic agents; gender; valve surgery 
included in current operation.

ORDINAL FACTOR: Number of anticipated coronary artery 
bypass grafts.

CONTINUOUS VARIABLES: Age; body mass index; ejection 
fraction (EF); hematocrit (Hct); heart rate, systolic pressure, 
diastolic pressure, pulse pressure, mean arterial pressure.

RESULTS:� /LQHDU� PRGHOLQJ� LGHQWL¿HG� �� IDFWRUV� RI� SULPDU\�
importance in relation to LOS; in order of importance, IABP, 
JHQGHU�� DJH�� GLDEHWHV�� ()�� +FW�� +)�� $¿E�� LQRWURSH� XVH. The 
association of these combined factors with ICU LOS had an r2 
value of 0.315, p <0.0001 (Fig. 1). These same 9 factors were then 
analyzed with the IBM-SPSS ANN module. The r2 value for this 
analysis was 0.683, p <0.0001 (Fig. 2).

DISCUSSION: Both linear and ANN algorithms are capable of 
modeling combinations of nominal, ordinal and continuous variable 
data. However, ANN models appear to have an advantage in 
prediction accuracy due to the fact that they analyze the importance 
of all interactions among a set of variables. (Linear models only 
consider the independent contribution of each variable.) The ANN 
DQDO\VLV� DSSHDUHG� WR�SUHGLFW��ZLWK� VRPH�FRQ¿GHQFH�� WKH� OHQJWK�RI�
stay that might be expected following cardiac surgery. Predictive 
information of this type may help to anticipate risks and the possible 
need for interventions in individual patients. Such information may 
also have value in anticipating the need for ICU resources. The 
present ANN model must be further evaluated for its prediction 
accuracy with data that are independent of the trained model.2

REFERENCES: 

1. ANESTH ANALG 2013; 116; S76

2.  Geisser S. Predictive Inference: An Introduction. Chapman & 
Hall, 1993.  
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ANESTHESIA INDUCTION TIME IS PROLONGED BY 
PROPOFOL INFUSION IN AORTIC REGURGITATION 
PATIENTS.

AUTHORS: M. Tripathi1, M. Pandey2

AFFILIATION:1Anaesthesiology, Sanjay Gandhi Postgraduate 
Institute of Medical Sciences, Lucknow, India, 2Emergency, Sanjay 
Gandhi Postgraduate Institute of Medical Sciences, Lucknow, India

INTRODUCTION: The regurgitant fraction of the stroke volume 
in severe aortic regurgitation (AR) is associated with a reduced 
IRUZDUG�EORRGÀRZ�DQG� LQFUHDVHG� WKH� OHIW�YHQWULFXODU�HQG�GLDVWROLF�
volume. We hypothesize that the intravenous induction of anesthesia 
might take longer than the competent aortic valve.

METHODS: Institutional Ethical Committee approval was 
obtained for the clinical study and after written informed consent, 
consecutive 24 adult male patients were included in two study 
groups. Group 1 (No AR) (n=12) patients were planned for coronary 
artery bypass graft with normal aortic valve (AV). Group 2 (AR) 
(n=12) patients were having aortic regurgitation of grades 3 or 4 
and were due for aortic valve replacement. Induction of anesthesia 
was initiated with infusion of propofol (1%) @0.5ml. kg-1.hr-1and 
fentanyl (25 µg.ml-1) @200ml.hr-1. We monitored continuously 
for the heart rate, intra-arterial pressure and bispectral index (BIS). 
We observed for the clinical end points of induction of anesthesia 
(loss of verbal command and apnea) and the onset of BIS<60. We 
analyzed the induction doses of the propofol and fentanyl and 
hemodynamic changes.

RESULTS:�7KHUH�ZDV�D�VLJQL¿FDQW��S�������GLIIHUHQFH�EHWZHHQ�WKH�
two groups in terms of induction time of anesthesia (319.17±84.33 
s in Group 1 vs. 563.33±112.76 s in Group 2). Patients of group 
�� �$5�� UHTXLUHG� VLJQL¿FDQWO\� ODUJHU�GRVHV�RI�SURSRIRO� �����������
mg.kg-1) than group 1 (0.49±0.17mg.kg-1) patients. Similarly, 
SDWLHQWV� ZLWK� $5� UHTXLUHG� VLJQL¿FDQWO\� ODUJHU� GRVH� RI� IHQWDQ\O�
(20.82±15.98 µg/kg) than group 1 (9.18±2.92 µg/kg) patients. 
Hemodynamic response was similar in patients of both groups.

CONCLUSIONS: Authors conclude that during propofol infusion 
WKH� LQGXFWLRQ� WLPH� RI� DQHVWKHVLD� LV� VLJQL¿FDQWO\� SURORQJHG� LQ�
presence of AR than in patients with competent AV.



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-64.
INDIVIDUALIZED BLOOD MANAGEMENT IN CARDIAC 
SURGERY USING POINT-OF-CARE BASED TRANSFUSION 
ALGORITHM

AUTHORS: D. Roy1, T. Timoumi2, C. Bingley3, R. Kanji4, R. 
Selby5, V. Rao6, K. Karkouti1

AFFILIATION:1Department of Anesthesiology, University of 
Toronto, Toronto, ON, Canada, 2Department of Anesthesiology, 
Université Paris Diderot-Paris, Paris, France, 3ONTraC, Blood 
Conservation Program, University of Toronto, Toronto, ON, Canada, 
4MBChB, Keele University, Keele, Staffordshire, United Kingdom, 
5Department of Laboratory Medicine and Pathobiology, University 
of Toronto, Toronto, ON, Canada, 6Department of Cardiac Surgery, 
University of Toronto, Toronto, ON, Canada

INTRODUCTION: Coagulopathy leading to excessive blood 
loss, blood product transfusion, and adverse outcomes is a major 
complication of cardiac surgery with cardiopulmonary bypass.1,2 

Current management of coagulopathic bleeding relies on 
conventional coagulation testing that have long turnaround times3 

and are not able to detect important coagulation defects such as 
¿EULQRO\VLV�� SODWHOHW� G\VIXQFWLRQ�� RU� VSHFL¿F� IDFWRU� GH¿FLHQFLHV�4 

These shortcomings hamper management, forcing clinicians 
to delay therapy until the results become available or resort to 
empiric therapy based on their clinical judgment. These strategies 
DUH� LQHI¿FLHQW� DQG� SRWHQWLDOO\� KDUPIXO� EHFDXVH� WKH\� FDQ� OHDG� WR�
underuse of blood products in some patients, leading to excessive 
blood loss and possibly re-exploration, and to overuse of blood 
products in others.2 Individualized blood management using a 
transfusion algorithm that employs point-of-care coagulation tests 
may alleviate these problems.

S-64
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METHODS: An integrated transfusion algorithm (Figure) that 
employed viscoelastic (ROTEM) and aggregometric (Platelet 
Works) point-of-care tests, as well as an objective measure of 
blood loss, was incorporated into routine practice at our hospital 
on January 2013. Following REB approval, we retrospectively 
compared the transfusion and clinical outcomes of patients operated 
from January to July 2013 (post-algorithm) to those operated on 
during 2012 (pre-algorithm), using multivariable Poisson regression 
�ZLWK�UREXVW�FRQ¿GHQFH�OLPLWV��WR�DGMXVW�IRU�EDVHOLQH�GLIIHUHQFHV�

RESULT: Patients had similar characteristics pre- and post-
algorithm, but transfusion and some adverse events were 
substantially reduced post-algorithm (Table). Nadir and discharge 
hemoglobin concentrations were similar, suggesting that reduced 
transfusions were not due to a more restrictive transfusion strategy.

CONCLUSIONS: Individualized blood management using 
transfusion algorithm that employs point-of-care coagulation tests 
can reduce transfusions and improve outcomes. Whether these 
results are generalizable to other centres, however, needs to be 
determined.

REFERENCES:

1.  Johansson PI, Solbeck S, Genet G, Stensballe J, Ostrowski SR: 
Coagulopathy and hemostatic monitoring in cardiac surgery: an 
update. Scand Cardiovasc J. 2012; 46: 194-202

2.  Despotis G, Eby C, Lublin DM: A review of transfusion risks 
and optimal management of perioperative bleeding with cardiac 
surgery. Transfusion. 2008; 48: 2S-30S

3.  Toulon P, Ozier Y, Ankri A, Fle´ ron MH, Leroux G, Samama 
CM. Point-of-care versus central laboratory coagulation testing 
during haemorrhagic surgery. A multicenter study. Thromb 
Haemost. 2009; 101: 394-401.

4.  Haas T, Spielmann N, Mauch J, Madjdpour C, Speer O, Schmugge 
M, Weiss M. Comparison of thromboelastometry (ROTEM(R)) 
with standard plasmatic coagulation testing in paediatric surgery. Br 
J Anaesth. 2012; 108: 36-41
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THE FRACTAL DIMENSION OF SYSTEMIC VASCULAR 
RESISTANCE

AUTHORS: F. C. Cobey1, E. W. Ursprung1, A. Stukowski2, E. 
Tolman1, S. Ianchulev3, M. Shapiro4, R. Schumann1

AFFILIATION:1Anesthesiology, Tufts Medical Center, Boston, 
MA, 2--, Edwards Lifesciences, Boston, MA, 3Anesthesiology, Tufts 
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BACKGROUND: Heart rate variability (HRV) as a marker of 
cardiovascular function has been a topic of extensive research over 
the past twenty years. HRV exhibits fractal characteristics in healthy 
subjects but loses this complexity in critically ill patients. While 
the HRV has been well examined, there has been little research 
examining the complexity of other hemodynamic parameters. 
We hypothesize that systemic vascular resistance exhibits fractal 
behavior, and in this study analyze the fractal dimension of 
Systemic Vascular Resistance (SVR) using a non-invasive cardiac 
output monitor.

METHODS: After IRB approval, analysis of hemodynamic data 
was conducted using an existing database of hemodynamic data 
from an unrelated study on bariatric surgical patients. The data was 
DFTXLUHG�XVLQJ�D�1H[¿Q��GHYLFH��(GZDUGV�/LIHVFLHQFHV�%0(<(��
Amsterdam, Netherlands). Analysis of complexity in SVR was 
performed on 88 patients (25 male, 63 female; 21 - 72 years old). 
Fractal dimension was calculated for SVR by performing best linear 
¿W�WR�WKH�GDWD�DW�PXOWLSOH�WLPH�VFDOHV��7KH�URRW�PHDQ�VTXDUH�HUURU�RI�
these linear regressions exhibits a power law scaling. This power 
was taken to be the fractal dimension of variability1The patients 
were then grouped into quartiles for the dP/dt(max). High and low 
quartiles were compared using Wilcoxian Rank Sum analysis.

RESULTS : Analysis of complexity in SVR using fractal dimension 
IURP� 1H[¿Q© data was possible in each of the 88 patients. The 
IUDFWDO�GLPHQVLRQ�RI�WKH�695�ZDV�VLJQL¿FDQWO\�GLIIHUHQW�LQ�ERWK�WKH�
SV (bottom quartile mean 0.708, SD 0.064; top quartile mean 0.648, 
SD 0.137; p= 0.0044) and dP/dt(max). (bottom quartile mean 0.686, 
SD 0.078; top quartile mean 0.621, SD 0.068; p= 0.0121).

CONCLUSION: Our pilot study demonstrates a statistically 
VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ� WKH� IUDFWDO� GLPHQVLRQ� RI� 695� LQ�
quartile analysis based on both SV and dP/dt(max). This is the 
¿UVW� WLPH�WKDW�UHODWLRQVKLS�EHWZHHQ�IUDFWDO�FRPSOH[LW\�RI�V\VWHPLF�
vascular resistance and left ventricle contractility as measured by 
dP/dt(max) has been documented. The etiology of this statistically 
VLJQL¿FDQW�UHODWLRQVKLS�LV�XQFOHDU��2WKHU�DXWKRUV�KDYH�GHPRQVWUDWHG�
the complexity of vascular resistance time series.2 The use of 
non-invasive technology to assess fractal dimension of additional 
hemodynamic parameters other than HRV opens a novel arena of 
cardiovascular study and research.

REFERENCES:

1.  Eke A, et al. Fractal characterization of complexity in temporal 
physiological signals. Physiol Meas 2002; 23: R1-38.
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SAME DAY CANCELLATION OF CARDAC SURGERY: 
A RETROSPECTIVE REVIEW AT A LARGE ACADEMIC 
TERTIARY REFERRAL CENTER

AUTHORS: M. M. Smith1, W. J. Mauermann1, D. J. Cook1, J. A. 
Hyder2, D. W. Barbara1

AFFILIATION:1Anesthesiology, Mayo Clinic, Rochester, MN, 
2Anesthesiology, Massachusetts General Hospital, Boston, MA

INTRODUCTION AND GENERAL PURPOSE OF THE 
STUDY: Same-day cancellations of cardiac surgery are unfortunate 
and costly occurrences that potentially place patients at risk 
for adverse events1-3. The purpose of this investigation was to 
retrospectively examine same day cancellation of cardiac operations 
at a large tertiary academic referral center, with particular interest 
towards: 1) identifying foreseeable causes of cancellation, 2) interval 
from a non-surgeon provider visit prior to planned operation, and 3) 
quantifying operative delay.

METHODS: We retrospectively reviewed all same-day 
cancellations of cardiac operations requiring cardiopulmonary 
bypass from 2010-2012 at a large academic tertiary referral center. 
&DQFHOODWLRQV� ZHUH� FODVVL¿HG� DV� IRUHVHHDEOH�� QRQ�IRUHVHHDEOH�� RU�
indeterminate. Duration of time from seeing a non-surgeon provider 
to cancellation was noted and analyzed.

RESULTS: During the study period, 7,081 cardiac operations 
requiring cardiopulmonary bypass were performed. One hundred 
thirty-four patients experienced 142 (2%) same-day cancellations 
of cardiac surgery (Figure 1). Foreseeable cancellation causes 
comprised 17% of cancellations, non-foreseeable 59%, and 
indeterminate 24%. Reasons for cancellation were medical (51%), 
administrative/scheduling (17%), unknown (12%), procedure no 
longer required (11%), patient cancellation (6%), and preincisional 
complication (3%). Mean time interval from seeing a non-surgeon 
provider to cancellation was 8.6 ± 16.2 days. There were no 
VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�IRUHVHHDEOH�FRPSDUHG�WR�
non-foreseeable cancellations in seeing a non-surgeon provider 15, 
30, 45, and 60 days prior to cancellation (Figure 2). Seven patients 
(5%) died within 30 days of cancellation. Twenty-eight (20%) of 142 
cancelled surgical procedures were never subsequently performed.

CONCLUSIONS: Same-day cancellation of cardiac surgery 
occurred infrequently (2% of cardiac operations performed) at 
our institution, in contrast to previous published cardiac surgical 
cancellation rates of 15-24% [1-3]. Cancellations were due to 
foreseeable causes in the minority of cases (17%). Seeing a 
non-surgeon provider more recently before cancellation was 
QRW� VLJQL¿FDQWO\� DVVRFLDWHG� ZLWK� QRQ�IRUHVHHDEOH� FRPSDUHG 
to foreseeable cancellations. Same-day cancellations should viewed 
as an opportunity for practice improvement given the foreseeable 
nature of some cancelations, associated 30-day mortality, 
and portion of patients who did not subsequently undergo 
cardiac surgery.

REFERENCES:

1.  Can preoperative anesthesia consultation clinic help to reduce 
operating room cancellation rate of cardiac surgery on the day of 
surgery? 0LG�(DVW�-�RI�DQHV. 2009;20

2.  Cancellation of operations on the day of intended surgery at 
a major Australian referral hospital. 7KH� 0HG� -� RI� $XVWUDOLD��
2005;18

3.  The causes of cancelled elective surgery. 4XDOLW\�DVVXUDQFH�DQG�
XWLOL]DWLRQ� UHYLHZ�� RI¿FLDO� MRXUQDO� RI� WKH� $PHULFDQ� &ROOHJH� RI�
8WLOL]DWLRQ�5HYLHZ�3K\VLFLDQV� 1990;5
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Cardiovascular Anesthesia, Texas Heart Institute, St. Luke’s 
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INTRODUCTION: Heparin is one of the most widely utilized 
anticoagulants. Variability in the heparin dose-response mandates 
monitoring of its effect. It has been estimated that up to 95% of 
inter-patient variability in drug response can be attributed to genetic 
factors.1 We hypothesize that some of the heparin pharmacodynamic 
and kinetic variability is explained by genetic variation. Using a 
candidate gene approach in patients undergoing coronary artery 
bypass grafting (CABG) with cardiopulmonary bypass (CPB), we 
examined single nucleotide polymorphisms (SNPs) in genes in the 
coagulation pathway that affect heparin dose-response variability 
as measured by post-heparin activated clotting time (ACT), total 
heparin dose, and baseline antithrombin III levels.

METHODS: After obtaining IRB approval and patient consent, 
clinical and demographic data were prospectively collected on 968 
patients undergoing primary non-emergent CABG between 2001 
and 2007 as part of the CABG Genomics Program. 122 SNPs in 
twelve coagulation pathway genes (coagulation factors� )��� )���
)��� )���� )���� )��, kininogen 1 �.1*��, phosphatidylinositol 
4-kinase �3,�.$�, calcium-activated chloride channel �70(0��%���
transporter �6/&��$��, and tissue factor pathway inhibitor �7)3,� 
were chosen using Tagger (HaploView v.4.2) and genotyped using 
Illumina Sequenom technology.

SNP Gene Location 3�YDOXH��)'5� (IIHFW�VL]H��ȕ� MAF

rs6796803 KNG1 Intergenic region, 
downstream

0.0356 14.3 0.261

rs710449 KNG1 Intron 0.0356 14.3 0.221

rs9817038 KNG1 Promoter 0.0356 12.2 0.426

RESULTS:�7KUHH�613V�LQ�NLQLQRJHQ����.1*���ZHUH�VLJQL¿FDQWO\�
associated with higher post-heparin ACT (p-value <0.05) after 
adjusting for demographic and clinical variables and correction for 
multiple testing using false discovery rate.

CONCLUSIONS: KNG1 is an essential part of coagulation and 
the assembly of the kallikrein-kinin system.2,3 We show a novel 
association between variants in KNG1 and heparin variability in 
cardiac surgical patients. .1*� uses alternative splicing to generate 
high molecular weight kininogen (HMWK) and low molecular 
weight kininogen (LMWK). HMWK is essential for blood 
coagulation, kallikrein-kinin system assembly, and the production 
of bradykinin. To date, these SNPs do not have any known effects 
on gene function; however, the location of the SNPs suggests 
that they may alter functionality of the gene product by altering 
gene splicing.

REFERENCES:

1. Kalow et al. Pharmacogenetics. 1998 Aug;8(4):283-9

2. Campbell. Clin Exp Pharmacol Physiol. 2001 Dec;28(12):1060-5

3. Morange PE et al. Blood. 2011 Mar 31;117(13):3692-4
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S-68.
PLATELET TRANSFUSION IS NOT ASSOCIATED 
WITH INCREASED RISK OF POSTOPERATIVE 
THROMBOEMBOLIC EVENTS IN CARDIAC SURGERY

AUTHORS: M. Kremke1, M. Tang2, C. Jakobsen3

AFFILIATION:1Anaesthesiology and Intensive Care, Aarhus 
University Hospital, Skejby, Aarhus, Denmark, 2Department of 
Cardiothoracic and Vascular Surgery, Aarhus University Hospital, 
Aarhus N, Denmark, 3Anaesthesiology and Intensive Care, Aarhus 
University Hospital, Aarhus, Denmark

Platelet dysfunction is common cause of bleeding in cardiac surgery. 
Platelet transfusion is the primary treatment, mostly administered 
prophylactically or when there is clinical suspicion of platelet 
dysfunction. However, there is no agreement among clinicians 
of transfusion indications and transfusion practices vary greatly 
among hospitals1.

A group at particular risk of developing platelet dysfunction is 
coronary artery bypass grafting (CABG) patients treated with 
antiplatelet agents, notably aspirin and oral adenosine diphosphate-
receptor antagonists. These drugs are effective in reducing ischaemic 
events, but also aggravate the bleeding tendency associated with 
cardiac surgery2-3.

Despite their widespread use little is known about the overall 
risk of platelet transfusions in cardiac surgery. Platelets play an 
important role in thrombus formation, but whether they carry a risk 
of perioperative thromboembolic events has not been investigated. 
Randomized trials aiming on this relation are non-existent and 
the few observational studies are limited in size and yielded 
contradictory results 4-5. The aim of this study was to analyze the 
association between platelet transfusions and thromboembolic 
events after cardiac surgery in both patients with discontinued and 
continued antiplatelet therapy. The hypothesis was that transfusion 
is associated with a higher incidence of adverse events.

METHODS: A cohort study of 6,745 patients undergoing CABG 
+/- AVR at three university hospitals (2006 - 2012) based on data 
from the common heart registry. Groups were established based on 

preoperative exposure to antiplatelet treatment and intraoperative 
transfusion of platelets. To adjust for possible patient differences the 
JURXSV�ZHUH�EDODQFHG�ZLWK�H[DFW�PDWFK�RQ����SDUDPHWHUV��¿JXUH�����
resulting in 2 x 955 patients for analysis.

The primary outcome was possible thromboembolic events (in-
hospital myocardial infarction and stroke together with re-CABG, 
coronary angiography or percutaneous coronary intervention) 
within six month after the primary operation supplemented with 
30-day and 6-month mortality and new postoperative dialysis. 
To adjust for possible confounders, a logistic regression model 
was performed.

RESULTS: Univariate analysis showed that platelet transfusion 
was followed by more postoperative thromboembolic events (table 
1). By adding mortality and dialysis the differences became more 
pronounced in the control group (11.8% no platelets vs 22.2% 
SODWHOHWV��3 �������Ȥ��WHVW���+RZHYHU�WKH�ORJLVWLF�UHJUHVVLRQ�VKRZHG�
that only on pump surgery, blood transfusion and postoperative 
inotropes had independent impact on postoperative thromboembolic 
HYHQWV��¿JXUH����

CONCLUSION: Platelet transfusions possess no independent risk 
for postoperative thromboembolic events disregarding whether 
patients are on continued antiplatelet treatment or not.

REFERENCES:

1. JAMA 2010; 304:1568-75

2. Ann Thorac Surg 2010; 89: 397-402

3. Eur J Cardiothorac Surg 2013; 1-8 (Epub: doi:10.1093)

4. Can J Anaesth. 2006; 53:279-87

5. Transfusion 2004; 44: 1143-8

7DEOH����7RWDO�IUHTXHQF\�RI�SRVVLEOH�WKURPERHPEROLF�HYHQWV�ZLWKLQ��PRQWK��3 �������Ȥ��WHVW�

Antiplatement treatment No platelets Platelet transfusion

Discontinued 10.00% 18.50%

Continued treatment 10.70% 11.10%

S-68 • CONTINUED ON NEXT PAGE



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-68 • continued

S-68



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-69

S-69.
DEXMEDETOMIDINE DOES NOT PREVENT 
POSTOPERATIVE ATRIAL FIBRILLATION AFTER 
ESOPHAGEAL CANCER SURGERY

AUTHORS: J. P. Cata1, D. Ai1, J. YU2, L. Feng2, J. Lasala1

AFFILIATION:1Anesthesiology and Perioperative Medicine, The 
University of Texas – MD Anderson Cancer Center, Houston, TX, 
2Biostatistics, UT MD Anderson Cancer Center, Houston, TX

INTRODUCTION:� 7KH� LQFLGHQFH� RI� DWULDO� ¿EULOODWLRQ� �$)��
post esophagectomy ranges from 13% to 46%. Sympathetic 
stimulation is believed to be a triggering factor for development 
RI� $)� SRVW� FDUGLDF� VXUJHU\�� DQG� ȕ�DGUHQHUJLF� EORFNHU� KDV� EHHQ�
used as a prophylaxis for postoperative AF in cardiac surgery1,2. 
'H[PHGHWRPLGLQH� �'(;��� D� VHOHFWLYH� Į��DJRQLVW�� FDQ� PRGXODWH�
sympathetic system by decreasing norepinephrine activity, which is 
VLJQL¿FDQWO\�LQFUHDVHG�GXULQJ�VXUJHU\�3 We hypothesize that the use 
of intraoperative DEX during esophageal cancer surgery reduces the 
incidence of postoperative AF.

METHODS: After Institutional Review Board approval, data 
from 1149 esophageal cancer resections under general balanced 
anesthesia was retrieved from electronic medical records from 2000 
to 2012. We obtained data regarding demographics preoperative 
medications, co-morbidities, history of paroxysmal AF and use of 
DEX intraoperatively. Exclusion criteria included patients younger 
than 18 years old, incomplete information and history of chronic 
AF. Mean, standard deviation, median, and range are provided 
for continuous variables and Wilcoxon rank sum test was used to 
evaluate the difference in a continuous variable. Frequency counts 
and percentages are provided for categorical variables and Fisher’s 
exact test or Chi-square test was used to evaluate the association 
between two categorical variables. Logistic regression models were 
XVHG�IRU�PXOWLYDULDWH�DQDO\VLV� WR� LQFOXGH�LPSRUWDQW�DQG�VLJQL¿FDQW�
FRYDULDWHV��$�S��������ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW

RESULTS: Data from 894 patients was analyzed. The mean age of 
the population was 60.62 +/- 10.53 years old. The overall incidence 
of postoperative AF was 12.64% (n= 113) with a mean onset 4.71 
���������GD\V�DIWHU�VXUJHU\��2QH�KXQGUHG�DQG�¿IW\����������SDWLHQWV�
received DEX intraoperatively. Our analysis demonstrated that there 
were more female (23.3%) in the DEX group than in the control 
group (14.5%, p=0.0072). The incidence of postoperative AF in 
'(;�WUHDWPHQW�JURXS�ZDV�VWDWLVWLFDOO\�VLJQL¿FDQW�KLJKHU� WKDQ� WKDW�
in the group (19.3% vs 11.3%, p=0.0068). The multivariate analysis 
showed that the use of DEX was a risk factor in the development of 
AF (OR:2.05, 95%CI:1.25-3.35, p=0.004). The mean onset time of 
the arrhythmia was similar in both groups of patients (DEX: 5.62 
+/- 11.24 days versus non-DEX: 4.39 +/- 6.47 days, p=0.7983). 
2WKHU�IDFWRUV�VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�$)�ZHUH�DJH�DQG�KLVWRU\�
of paroxysmal AF.

CONCLUSION: The use of dexmedetomidine intraoperatively 
was associated with an increase incidence of postoperative AF after 
esophageal cancer surgery.

���_�$PDU�'��3RVWWKRUDFRWRP\�DWULDO�¿EULOODWLRQ��&XUUHQW�RSLQLRQ�LQ�
anaesthesiology 2007, 20(1):43-47.

2.  Bradley D et al Pharmacologic prophylaxis: American College of 
Chest Physicians guidelines for the prevention and management 
RI� SRVWRSHUDWLYH� DWULDO� ¿EULOODWLRQ� DIWHU� FDUGLDF� VXUJHU\�� &KHVW�
2005, 128(2 Suppl):39S-47S.

3.  Farag E et al The use of dexmedetomidine in anesthesia and 
intensive care: a review. Current pharmaceutical design 2012, 
18(38):6257-6265.
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S-70.
THE EFFECT OF CHRONIC GARLIC SUPPLEMENT INTAKE 
ON PLATELET FUNCTION IN HEALTHY VOLUNTEERS: A 
RANDOMIZED PLACEBO CONTROLLED TRIAL

AUTHORS: D. Adelmann1, L. Wetzel2, A. Gleiss3, S. Kozek4,  
G. Scharbert5

AFFILIATION:1Department of Anesthesiology, General Intensive 
Care and Pain Control, Medical Universtity of Vienna, Vienna, 
Austria, 2Department of Anaesthesia, General Intensive Care and 
Pain Control, Medical University of Vienna, Vienna, Austria, 
3Center for Medical Statistics, Informatics, and Intelligent Systems, 
Medical Universtity of Vienna, Vienna, Austria, 4Department of 
Anaesthetics and Intensive Care, Evangelical Hospital Vienna, 
Vienna, Austria, 5Department of Anesthesiology, General Intensive 
Care and Pain Control, Medical University Vienna, Vienna, Austria

INTRODUCTION: Garlic consumption has been associated with 
an increased perioperative bleeding risk in several case reports. The 
effect of long-term intake of garlic supplements and the additive 
effect of non-steroidal drugs on platelet function is not known. The 
aim of this study was to evaluate the effect of daily garlic supplement 
intake for 21 days and the additive effect of a single dose of 100mg 
diclofenac on platelet function in healthy volunteers.

METHODS: Following IRB approval, 32 healthy volunteers were 
randomly assigned to receive dried garlic powder (KWAI® Forte 
600mg, Cassella-med, Germany) or placebo once daily for 21 days. 
At 21 days, all volunteers received a single oral dose of diclofenac 
100mg (Voltaren® retard 100 mg, Novartis Pharma, Austria) and 
intake of KWAI® or placebo was stopped. After a 7-day washout 
period all volunteers received a single dose of diclofenac 100mg.

Blood samples were obtained prior to randomization (A); after 21 
days of KWAI® or placebo intake before (B) and 5 hours after a 
single oral dose of diclofenac (C); after the 7-day washout period 
before -(D) and 5 hours after a single oral dose of diclofenac (E).

Platelet function was evaluated using the PFA-100 platelet function 
analyser (Siemens, Germany) using collagen/epinephrine as 
agonists. The primary endpoint was PFA-closure time (CT, normal 
range <165 s) at timepoint B. Multiple electrode aggregometry 
(Multiplate®, Roche, Switzerland) using arachidonic acid as an 
agonist was used as an additional method to determine platelet 
function. The area under the aggregation curve (AUC, normal range 
���±����$8āPLQ���ZDV�XVHG�DV�D�VHFRQGDU\�HQGSRLQW��$�¿[HG�HIIHFWV�
PRGHO�ZDV� XVHG� WR� WHVW� IRU� VLJQL¿FDQFH� EHWZHHQ� WKH� WZR� JURXSV��
3�YDOXHV��������ZHUH�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW��5HVXOWV�DUH�
JLYHQ�DV�PHDQ�DQG�����FRQ¿GHQFH�LQWHUYDO��&,��

RESULTS: Twenty-seven volunteers completed the study, 5 were 
lost to follow up.

7KHUH�ZDV�QR�VLJQL¿FDQW�FKDQJH�LQ�SODWHOHW�IXQFWLRQ�IURP�EDVHOLQH�
after 21 days within each group (for CT KWAI: p=0.429, placebo: 
0=0.764; for AUC KWAI: p=0.503, placebo: 0=0.472) and no 
VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�UHJDUGLQJ�WKH�FKDQJHV�
IURP�EDVHOLQH�WR�GD\�����>ǻ&7�.:$,�������V��&,�������WR�������V���
SODFHER�������V� �&,� ������ WR�������V���S �������ǻ$8&�.:$,�����
AU·min (CI -101 to 199 AU·min), placebo: 50 AU·min (CI -91 to 
192 AU·min), p=0.994].

$IWHU�WKH�LQJHVWLRQ�RI�GLFORIHQDF��&7�LQFUHDVHG�VLJQL¿FDQWO\�>ǻ&7�
KWAI: 39.67 s (CI 14.91 to 64.42 s), placebo: 86.29 s (CI 63.39 
WR� ������� V�@��7KH� HIIHFW� RQ� WKH�$8&�ZDV� RQO\� VLJQL¿FDQW� LQ� WKH�
SODFHER�JURXS�>ǻ$8&�.:$,������$8āPLQ��&,�����WR�����$8āPLQ���
placebo: 423 AU·min (CI 231 to 615 AU·min)].

In the KWAI group, the combined effect of KWAI and diclofenac 
was less pronounced than the effect of diclofenac alone. (B-C vs. 
D-E, for CT p=0.012; for AUC p=0.020).

DISCUSSION: In this randomized, the intake of a garlic supplement 
for 21 days did not impair platelet function. After garlic supplement 
ingestion, the platelet inhibitory effect of diclofenac was attenuated 
when compared to diclofenac monotherapy.

REFERENCES:

1. JAMA, 286: 208-16 2001

2. Anesth Analg, 105: 1214-8 2007
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S-71.
CARDIOPULMONARY BYPASS TRIGGERS DIMINISHED 
ABILITY OF ANTIGEN PRESENTING CELLS TO PROCESS 
ANTIGEN IN SOME PATIENTS

AUTHORS: K. Laudanski1, J. Gutsche1, T. Connelly2, W. Szeto3

AFFILIATION:1Department of Anesthesiology and Critical Care, 
University of Pennsylvania, Philadelphia, PA, 2Neuman University, 
Neuman University, Philadelphia, PA, 3Department of Cardiovascular 
Surgery, University of Pennsylvania, Philadelphia, PA

INTRODUCTION: Antigen presenting cells (APC) are pivotal 
in regulating the appropriate response of the immune system. 
&DUGLRSXOPRQDU\�%\SDVV� �&3%�� WULJJHUV� DQ� LQWHQVH� LQÀDPPDWRU\�
response that may affect the fate and the function of APC. In the 
presented study, we focused on monocyte (MO)-derived dendritic 
cells (DC). Arguably, they are the most potent APC. These cells 
emerge from precursory peripheral blood monocyte and are primary 
source of the APC under stress. Alternatively, MO can differentiate 
LQWR� LQÀDPPDWRU\� PDFURSKDJH�� FHOOV� SLYRWDO� IRU� SURPRWLQJ�
LQÀDPPDWRU\�UHVSRQVH�DQG�HQGRWKHOLDO�GDPDJH��+HUH��ZH�FRQGXFWHG�
a pilot study involving individuals undergoing CPB in which we 
examined the ability of MO-derived DC obtained to process antigen 
as a measure of their APC capability. We hypothesize that CPB will 
diminished APC capability of MO-derived DC due to the large pro-
LQÀDPPDWRU\�LQVXOW�

METHODS: Blood from a total of 8 subjects subjected to CPB was 
obtained. Their isolated MO were subjected to IL-4 & GM-CSF in 
X-VIVO15™ media in vitro as the optimal environment to generate 
DC. After 5 days the cells were harvested. The ability to process 
antigen was measured at 7 day and 28 days using DQ ovalbumin 
(DQ-OVA) uptake and processing assay. Additionally, MO derived 
'&�ZHUH�DQDO\]HG�IRU�VXUIDFH�PDUNHUV�ZLWK�ÀRZ�F\WRPHWU\�LQ�WHUP�
of positive cells (%) or averaged receptor densitiy(MFI). Each of 
the subjects (n=8) had blood drawn shortly before bypass (t0) and 7 
days (t7d) after CPB. Data is presented as mean+standard deviation 
XQOHVV�RWKHUZLVH�VSHFL¿HG�

RESULTS: The majority of patients had a decreased uptake 
and processing of the DQ as compared to health control (red line 
histogram) (Figure 1.) 7 days after undergoing CPB. Interestingly, 
this diminished capacity to process antigen was not related to altered 
expression of CD14 (%CD14 t0=8.1+22.1 vs t7d=0.05+0.04), CD1a 
(%CD1a t0=46.5+27.39 vs t7d=40.6+22.44), or CD86 (MFI CD86 
t0=67.2+25.44 vs t7d=56.9+8.06). Only the expression of CD83 was 
VLJQL¿FDQWO\�GLPLQLVKHG���&'���W� ����������YV�W�G ������������
Observed changes were not related to aberrant sensitivity to IL-4 
since the expression of IL-4-inducible marker of CD209 was low 
in term of percentage of positive cells (%CD209 t0=69+28.8, 
t+24hr=76+19.3, t+7d=79+13.7) and receptor density (MFI CD209 
t0=2780+1910, t+24hr=2337+2110, t+7d=2575+1827).

CONCLUSIONS:�2XU�VWXG\�FRQ¿UPV�WKDW� WKH�$3&�FDSDELOLW\�RI�
DC-derived from peripheral blood MO to uptake and process antigen 
is severely diminished up to 7 days after CPB in some individuals. 
This aberration is not related to the diminished expression of CD86, 
but seems to be related to aberrant differentiation of the MO into 
PDWXUH�'&�DV�VLJQL¿HG�E\�GLPLQLVKHG�H[SUHVVLRQ�RI�&'���
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TRANSCATHETER AORTIC VALVE REPLACEMENT (TAVI) 
IN PATIENTS OLDER THAN 90 YEARS: IS AGE RELEVANT 
FOR THE PERIOPERATIVE THERAPY? 

AUTHORS: P. N. Mayr, T. Ried, K. Martin

AFFILIATION: Department of Anaesthesiology, Deutsches 
Herzzentrum Muenchen, TU Muenchen, Munich, Germany

INTRODUCTION: Transcatheter Aortic Valve Implantation 
(TAVI) was designed as a therapy for patients with severe aortic 
stenosis and high peri-operative risk. Different TAVI-registries have 
shown a mean age of about 81 years for TAVI patients. In 2013, 25 
from the 507 million inhabitants (5%) of the European Union (EU) 
were older than 80 years. With growing experience and increasing 
obsolescence cardiac anaesthesiologists will most likely face more 
patients over 90 years of age for this procedure. With an increase 
of these patients at our university hospital, there was a rising 
FRQFHUQ�ZKHWKHU� VSHFL¿F� SUHFDXWLRQV� IRU� QRQDJHQDULDQV� �121$��
are necessary.

OCTO NONA S�YDOXH

n= 331 32

m:f ratio 01:01.5 01:01.1

PREOPERATIVE DATA

BMI (kg/m²) 26.1±3.9 24.5±3.8 �����

LVEF (%) 51±14 52±12 0.725

dPmax (mmHg) 72±29 87±32 �����

Aortic valve area (cm2) 0.65±0.2 0.62±0.2 0.417

Haemoglobin (g/dl) 12.4±1.6 12.0±1.1 0.292

Creatinine (mg/dl) 1.2±0.6 1.4±0.8 0.259

STS-Score Mortality (%) 6.7±7.2 10.2±6.0 ������

PERIOPERATIVE DATA

General Anesthesia 235 (71%) 25 (78%) 0.393

Propofol (mg/kgBW) 3.4±7.1 2.8±3.8 0.955

Remifentanil (µg/kgBW) 0.16±0.32 0.17±0.22 0.51

Norepinephrine (µg/kgBW) 2.83± 5.5 3.2±3.4 0.194

Crystalloid infusion (ml/kgBW) 13.9±10.9 11.7±9.1 0.377

Procedure time (min) 192±55 187±33 0.97

METHODS: Analyzind data from our TAVI-Registry, we compared 
patients undergoing a transfemoral TAVI aged over 90 years with 
octogenaric (80 – 89) patients (OCTO). IRB approvement was 
obtained. Group comparisons were performed by Mann-Whitney-U 
tests.

RESULTS: Between June 2007 and October 2013 1162 TAVI 
procedures (all methods of access) were performed. Transfemoral 
access and a age of at least 80yrs was found in 363 of these patients 
(31%). Medtronics CoreValve™ was most commonly used 79% 
(n= 287). Edwards Sapien™ and Sapien XT™ were used in all 
other patients (n=76).
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S-73.
HAPTOGLOBIN 2-2 PHENOTYPE IS ASSOCIATED WITH 
INCREASED RISK FOR AKI AND 6-MONTH MORTALITY 
AFTER CORONARY BYPASS GRAFTING SURGERY IN 
PATIENTS WITH DIABETES

AUTHORS: C. Feng, S. Thammishetti, D. Groves, Z. Zuo,  
J. Raphael

AFFILIATION: Anesthesiology, University of Virginia, 
Charlottesville, VA

INTRODUCTION:� 3RVW�RSHUDWLYH� UHQDO� LQVXI¿FLHQF\� KDV� EHHQ�
associated with increased morbidity and mortality after cardiac 
surgery. As a result, serum creatinine level has been used to predict 
the risk of adverse outcomes after surgery. Moreover, it has been 
recently published that even subclinical increase in postoperative 
serum creatinine levels is associated with increased mortality after 
cardiac surgery1. Several studies have reported an association 
EHWZHHQ�KDSWRJORELQ��+S��SRO\PRUSKLVPV��VSHFL¿FDOO\�WKH�+S�����
phenotype) and increased renal morbidity in patients with diabetes. 
Thus, we sought to determine whether the Hp-2-2 phenotype is 
independently associated with increased postoperative serum 
creatinine after coronary artery bypass grafting (CABG) surgery.

METHODS: After IRB approval and written informed consent 
from all participants, we performed a prospective analysis on 72 
consecutive diabetic patients undergoing elective CABG surgery 
with cardiopulmonary bypass (CPB) at the University of Virginia 
Medical Center. Haptoglobin phenotypes were determined using 
gel electrophoresis2. Serum creatinine was measured preoperatively 
and on postoperative days 1-3. Continuous and categorical variables 
were compared between groups using student t and x2 tests, 
respectively. A multivariable logistic model was used to derive 
perioperative and demographic variables associated postoperative 
kidney injury.

RESULTS: Seventy-two patients were recruited. Twenty eight 
patients (39%) had the 2-2 phenotype, while forty four patients 
were either Hp 1-1 (18%) or 2-1 (43%). Mean preoperative 
creatinine levels did not differ between the patients groups (1.24 
mg/dL vs. 1.17 mg/dL, p=NS). On postoperative day 1 the mean 
serum creatinine level increased by 15 ± 24% in patients with non-
2-2 phenotype, whereas in the patients with the 2-2 phenotype 
mean serum creatinine increased by 37.6 +/- 33.1% (p=0.002). On 
postoperative day 2 the mean serum creatinine increased by 21.7 
+/- 32.3% compared to the pre-operative levels for patients with the 
non-2-2 phenotype, while in patients with the Hp 2-2 phenotype the 
creatinine level increased by 45.4 +/- 41.3% (P = 0.014). In addition 
three patients (10.7%) in the Hp 2-2 group required postoperative 
dialysis while none of the patients in the non-Hp 2-2 group required 
dialysis (p<0.001). Furthermore, after 6-month follow up, four 
patients (14.3%) in the Hp 2-2 group died while only one patient 
(2.2%) in the non-Hp group died (p<0.0001)

CONCLUSIONS: Diabetic patients with Hp 2-2 phenotype 
who undergo elective CABG surgery with CPB bypass have 
VLJQL¿FDQWO\� KLJKHU� SRVWRSHUDWLYH� FUHDWLQLQH� OHYHOV� DQG� QHHG� IRU�
dialysis compared to patients with the non-2-2 phenotypes. In 
DGGLWLRQ���PRQWK�PRUWDOLW\� DIWHU�&$%*�VXUJHU\�ZDV� VLJQL¿FDQWO\�
higher in diabetic patients with the Hp 2-2 phenotype. The Hp 2-2 
SKHQRW\SH�PD\�EH�D�VLJQL¿FDQW�ULVN�IDFWRU�IRU�LQFUHDVHG�PRUELGLW\�
and mortality after CABG in patients with diabetes.

REFERNCES:

1.  Tolpin DA et al, J Thorac Cardiovasc Surg. 2012 ;143(3):682-
688.

2. Hochberg I et al, Atherosclerosis. 2002;161(2):441-6.
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EFFECT OF HYPEROXIA IN CONJUNCTION WITH 
ISOFLURANE IN THE EXPRESSION OF OXIDATIVE 
STRESS RESPONSE GENES IN THE HEART AND LUNGS 
OF MICE

AUTHORS: K. C. Das, V. Kundumani-Sridharan, T. Walker, J. D. 
Wasnick

AFFILIATION:Anesthesiology, Texas Tech University Health 
Sciences Center, Lubbock, TX

INTRODUCTION: Volatile anesthetics provide protection to 
the myocardium against reperfusion injury when applied before 
ischemia or prior to reperfusion of ischemic myocardium (I/R)1. 
Anesthetic preconditioning (APC) protects against the effects of 
reperfusion injury2. However, since volatile anesthetics are always 
administered with varying concentrations of oxygen, it is important 
to determine whether genes potentially relevant to APC are 
LQGXFHG�E\�LVRÀXUDQH�LQ�DLU�RU�DUH�LQÀXHQFHG�E\�FKDQJHV�LQ�R[\JHQ�
concentration3. The purpose of this study is to determine whether 
LVRÀXUDQH� LQ�FRPELQDWLRQ�ZLWK�����R[\JHQ� LQGXFHV�D�GLIIHUHQWLDO�
R[LGDWLYH�VWUHVV�JHQH�H[SUHVVLRQ�SUR¿OH�FRPSDUHG� WR� LVRÀXUDQH� LQ�
air in the lungs and hearts of mice.

METHODS: c57BL/6 mice breathed 21% or 60% oxygen with 
RU� ZLWKRXW� ��� LVRÀXUDQFH�� $Q� LVRÀXUDQH� YDSRUL]HU� �+DUYDUG�
$SSDUDWXV��ZDV� XVHG� WR�PL[� R[\JHQ� DQG� LVRÀXUDQH��7KH� DQLPDOV�
were exposed for 2 hours to the gas mixture followed by cervical 
dislocation. The animal use protocol was approved by institutional 
review (IACUC). Lungs and hearts were removed, perfused in PBS 
and stored in RNA later (Ambion). Total RNA was isolated from the 
tissue using Trizol reagent. Equal amounts of RNA were used for RT 
SUR¿OH�3&5�DUUD\��PRXVH�R[LGDWLYH�VWUHVV�DQG�DQWLR[LGDQW�GHIHQVH�
array, PAMM-0652Z, http://www.sabiosciences.com/genetable.
php?pcatn=PAMM-065Z. Real-Time qPCR array was performed 
and analyzed using manufacturer’s protocol (Life Technologies, 
CA). For each group 3 mice were used.

RESULTS: Expression levels of Ercc6, Gpx4, Gpx5, Prnp, Ptgs1, 
Ptgs2, Recql4 and Ucp3 genes were increased over 2-fold in the 
P\RFDUGLXP� RI� WKH� ���2��� LVRÀXUDQHBPLFH�� 3WJV��� 3WJV�� DQG�
Ucp3 gene expression was increased three fold in the myocardium 
RI�LVRÀXUDQH�EUHDWKLQJ�PLFH�LUUHVSHFWLYH�RI�R[\JHQ�WHQVLRQ����7KHVH�
data suggest that cyclooxygenase 1 & 2 (Ptgs1 & Ptgs2 genes) could 
KDYH�D�VLJQL¿FDQW�UROH�LQ�$3&��7KH�LQFUHDVHG�H[SUHVVLRQ�RI�8FS���
suggest that uncoupling of electron transport chain could decrease 
FRQFHQWUDWLRQ� RI� 2���� GXH� WR� LVRÀXUDQH� H[SRVXUH1,4. Increased 
expression of Gpx4 and Gpx5 could decrease the ROS concentration 
during reperfusion of the myocardium. When 60% oxygen was 
LQFOXGHG� ZLWK� ��� LVRÀXUDQH� WKH� OHYHO� RI� +VSD�D� ZDV� LQFUHDVHG�
by 14-fold and ccl5 was increased by about 5-fold in the heart. In 
FRQWUDVW�� LQ� WKH� OXQJ������R[\JHQ�DQG� LVRÀXUDQH�PL[WXUH� LQGXFHG�
the following genes: Cyba, Fth1, Gpx4, Gpx5, Hspa1a, Ncf1 by 14, 
27, 6, 2.6, 4.33 and 26 fold respectively. Interestingly, these genes 
ZHUH�QRW�VLJQL¿FDQWO\�LQFUHDVHG�LQ�WKH�OXQJV�RI�PLFH�EUHDWKLQJ�RQO\�
��� LVRÀXUDQH� ZLWK� DLU�� 7KHUHIRUH�� IXUWKHU� VWXGLHV� DUH� UHTXLUHG� WR�
GHOLQHDWH�WKH�UROH�RI�K\SHUR[LD�LQ�LVRÀXUDQH�PHGLDWHG�$3&�

CONCLUSION: 7KHVH�¿QGLQJV�GHPRQVWUDWH�WKDW�JHQH�H[SUHVVLRQ�
DVVRFLDWHG�ZLWK�$3&�LV�LQÀXHQFHG�E\�YDU\LQJ�R[\JHQ�WHQVLRQ�

REFERENCES: 

1. Anesthesiology 2002;96:934-40.

2. Shock 2008;29:300-8.

3. Anesthesia and analgesia 2013;116:589-95.

4. British journal of pharmacology 2010;160:220-32.
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S-75.
IMPACT OF PREOPERATIVE TROPONIN ELEVATION ON 
30-DAY MORTALITY 

AUTHORS: M. D. Maile, E. Jewell, M. Engoren

AFFILIATION: Anesthesiology, University of Michigan, Ann 
Arbor, MI

INTRODUCTION: Multiple studies have demonstrated that 
troponin elevations of various magnitudes and from multiple 
etiologies are associated with increased mortality.1,2 While the 
increased risk of surgery after myocardial infraction has long been 
known,3 the risk for patients with troponin elevations from all 
etiologies is currently unknown. For example, it is unclear if small 
troponin elevations, often attributed to “troponin leaks” contribute 
to perioperative risk. Therefore, we conducted a single-center, 
retrospective cohort study to assess the impact of preoperative 
troponin elevation on 30-day postoperative mortality.

METHODS: Informed consent was waived by the Institutional 
Review Board due to the minimal level of risk. The study population 
consisted of all patients greater than 18 years of age who had a 
troponin measurement within 30 days of surgery. Preoperative 
subject characteristics were obtained from the anesthesia record. 
The social security death index was used to determine the 
incidence of 30-day mortality. Subjects with preoperative troponin 
concentrations greater than the detectable limit (10 ng/mL) were 
divided into terciles based on the magnitude of elevation and the 

time from the maximum troponin concentration and surgery. The 
relationship between these categories and 30-day mortality was 
assessed using multivariable logistic regression adjusting for age, 
JHQGHU�� $6$� FODVVL¿FDWLRQ�� VXUJLFDO� GXUDWLRQ�� DQG� SUHRSHUDWLYH�
metabolic acidosis (bicarbonate concentration). The magnitude of 
DVVRFLDWLRQV�ZHUH�H[SUHVVHG�DV�RGGV�UDWLRV��25��DQG�����FRQ¿GHQFH�
intervals (CI).

RESULTS: We found that elevated troponin levels were 
associated with increased risk of death (Figure 1). Even subjects 
with preoperative troponin levels within the normal range (0.10 - 
0.30 ng/mL) were at increased risk for mortality when the surgery 
occurred within 11 days of this measurement (e.g. OR 1.80, 95% 
CI 1.02 to 3.17 for surgery within 3 days). For patients with higher 
levels of preoperative troponin, risk of mortality was increased if 
surgery occurred anytime within 30-days of the maximum troponin 
measurement (e.g. OR 1.89, 95% CI 1.06 to 3.38 for surgery within 
3 days).

CONCLUSIONS: Patients with preoperative troponin elevation, 
even of low magnitude, are at increased risk for 30-day postoperative 
mortality. If possible, surgical procedures should be delayed for any 
increase in the concentration of serum troponin.

REFERENCES:

[1] NEJM, 335, 1342, 1996.

[2] JACC, 48, 1, 2006.

[3] NEJM, 297, 845, 1977.
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S-76.
ACTIVITIES OF CARDIAC TISSUE MMP-2 AND -9 ARE 
REDUCED BY REMOTE ISCHEMIC PRECONDITIONING 
AND CORRELATE WITH SERUM CARDIAC TROPONIN T 
CONCENTRATIONS IN CARDIOSURGICAL PATIENTS

AUTHORS: K. Zitta1, P. Meybohm2, B. Bein1, M. Gruenewald1, K. 
Zacharowski2, M. Steinfath1, M. Albrecht1

AFFILIATION:1Department of Anaesthesiology and Intensive 
Care Medicine, University Hospital Schleswig-Holstein, Kiel, 
Germany, 2Clinic of Anaesthesiology, Intensive Care Medicine and 
Pain Therapy, University Hospital Frankfurt, Frankfurt, Germany

INTRODUCTION: Transient episodes of ischemia in a remote 
organ or tissue (remote ischemic preconditioning, RIPC) can reduce 
myocardial damage resulting in cardioprotection. Myocardial 
damage is associated with local tissue remodeling and the matrix 
metalloproteinases 2 and 9 (MMP-2/9) are crucially involved 
in these events 1,2. In our recent study we evaluated cellular and 
molecular effects of RIPC in heart tissue of cardiosurgical patients 
with cardiopulmonary bypass (CPB) and showed that RIPC 
UHJXODWHV� +,)��Į� OHYHOV�� DSRSWRVLV� DQG� LQÀDPPDWLRQ3. Here we 
investigated the effects of RIPC on the activities of heart tissue 
MMP-2/9 and their correlation with blood concentrations of cardiac 
troponin T (cTnT) as marker for myocardial damage to gain deeper 
insight into the RIPC-mediated cellular mechanisms.

METHODS: In cardiosurgical patients with CPB, RIPC was 
induced by four 5 minute cycles of transient upper limb ischemia/
reperfusion using a blood-pressure cuff. Right atrial tissue was 
obtained from RIPC (N=18) and control (N=17) patients before 
DQG� GLUHFWO\� DIWHU� &3%� �¿JXUH� �$���$V� D� PDUNHU� IRU� P\RFDUGLDO�
damage cTnT was measured in the patient sera before surgery and 
at admission to the intensive care unit. Activities of tissue MMP-
2/9 were evaluated using gelatin zymography and computer-assisted 
densitometric analyses. This study was performed in accordance 
with the Declaration of Helsinki and is registered at ClinicalTrials.
gov (NCT00877305).

RESULTS: Serum concentrations of cTnT were 0.63±0.06 ng/ml 
in the control and 0.20±0.02 ng/ml in the RIPC group (P<0.001; 
¿JXUH� �%��� ,Q� FDUGLDF� ELRSVLHV� WDNHQ� EHIRUH� &3%�� DFWLYLWLHV� RI�
003��� DQG�003���ZHUH� VLJQL¿FDQWO\� ORZHU� LQ� WKH�5,3&� JURXS�
compared to the control (MMP-2: control, 1.13±0.13 a.u.; RIPC, 
0.71±0.12 a.u.; P<0.05. MMP-9: control, 1.50±0.16 a.u.; RIPC, 
����������D�X���3�������¿JXUH���&��*���ZKLOH�DFWLYLWLHV�RI�WKH�SUR�
MMPs were not altered (pro-MMP-2: control, 2.21±0.17 a.u.; RIPC, 
1.95±0.20 a.u.; P>0.05. Pro-MMP-9: control, 2.27±0.39 a.u.; RIPC, 
����������D�X���3!������¿JXUH���$��(��� ,Q�FDUGLDF�ELRSV\�VDPSOHV�
that were obtained after CPB, activities of pro- and active MMP-2 
and MMP-9 were not different between the control and RIPC group 
�¿JXUH���%��'��)��+���6SHDUPDQ¶V� UDQN� WHVWV� VKRZHG� WKDW�003���
and MMP-9 activities in cardiac tissue biopsies obtained before 
CPB were positively correlated with cTnT serum levels (MMP-2/
cTnT: Spearman r, 0.40; P=0.016. MMP-9/cTnT: Spearman r, 0.41; 
3 �������¿JXUH���$��%���1R�VLJQL¿FDQW�FRUUHODWLRQ�EHWZHHQ�F7Q7�
concentrations and MMP-2/9 activity was found in samples taken 
DIWHU�&3%��¿JXUH���&��'��

CONCLUSION: We propose that an early reduction of tissue MMP-
2/9 activities may be involved in RIPC-mediated cardioprotection.

REFERENCES:

1 Hausenloy DJ et al. Cardiovasc Res 2012; 94: 253-265;

2 Phatharajaree W et al. Can J Cardiol 2007; 23: 727-733;

3 Albrecht M et al. Basic Res Cardiol 2013; 108: 314-326.
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S-77.
PROPOFOL AMELIORATES HYPERGLYCEMIA-INDUCED 
CARDIAC HYPERTROPHY AND DYSFUNCTION VIA HEME 
OXYGENASE-1 /STAT3 SIGNALING PATHWAY IN RATS 

AUTHORS: J. Xu1, Z. Xia1, H. Li2, Z. Xia2

AFFILIATION:1Anaesthesiology, Wuhan University Ren 
min Hospital, Wuhan, China, 2Anaesthesiology, Department of 
Anesthesiology, The University of Hong Kong, Hong Kong SAR, 
China, Hong Kong, China

INSTRUCTION AND GENERAL PURPOSE OF THE 
STUDY: Heme oxygenase-1 (HO-1) is inducible in cardiomyocytes 
in response to stimuli like oxidative stress, and plays critical roles 
in combating cardiac hypertrophy and injury1.Signal transducer and 
activator of transcription-3(STAT3) plays a pivotal role in HO-1 
mediated protection against liver and lung injury under oxidative 
stress2. We hypothesized that propofol, an intravenous anesthetic 
with antioxidant capacity that has been shown to induce HO-1 
expression, may attenuate hyperglycemia-induced oxidative stress 
in cardiomyocytes via enhancing HO-1 activation and ameliorate 
hyperglycemia-induced cardiac hypertrophy and apoptosis via 
HO-1 /STAT3 signaling, and improve cardiac function in diabetes.

METHODS: 8 weeks of streptozotocin-induced Type 1diabetic 
rats received an i.v. injection of either saline or propofol at a 
UDWH� RI� ���ȝJ�NJ�PLQ3 for 45 min. Cardiac function was assayed 
by pressure-volume loop conduction system and free 15-F2t-
isoprostane in plasma and heart tissue was detected by enzyme-
linked immunoassay. Primary cultured neonatal rat cardiomyocytes 
were exposed for 48 hours to either normal glucose (5.5mmol.L-1, 
Control), a high concentration of glucose (HG, 25.5mmol.L-1) or 
+*�LQ�WKH�SUHVHQFH�RI�SURSRIRO����ȝPRO�/����7R�IXUWKHU�FRQ¿UP�WKH�
UROHV�RI�+2���DQG�67$7��SOD\HG�LQ�WKH�EHQH¿FLDO�HIIHFWV�RI�SURSRIRO��
HO-1 or STAT3 genes expression was respectively knocked down 
by siRNA in H9c2 cells. Cardiomyocyte cross-sectional area and 
protein content were used as indices of hypertrophy. Reactive 
R[\JHQ�VSHFLHV��526��ZHUH�GHWHFWHG�E\�'+(�ÀXRUHVFHQFH�VWDLQLQJ��
HO-1 and STAT3 protein expression were detected by Western blot. 
Cardiomyocytes apoptosis were assessed by TUNEL assay.

RESULTS AND MAJOR FINDINGS: In Type-1 diabetic 
UDWV�� P\RFDUGLDO� ���)�W�LVRSURVWDQH� ZDV� VLJQL¿FDQWO\� LQFUHDVHG��
accompanied with cardiomyocytes hypertrophy and impaired left 
ventricular function that was coincident with reduced HO-1 activity 
and STAT3 activation despite of an increase in HO-1 protein 
H[SUHVVLRQ�DV�FRPSDUHG�WR�FRQWURO��3URSRIRO�LQIXVLRQ�VLJQL¿FDQWO\�
improved cardiac function with concomitantly enhanced HO-1 
activity and STAT3 activation. Similar to the changes seen in diabetic 
rat hearts, high glucose exposure for 48 hours led to cardiomyocytes 
hypertrophy and apoptosis in both the primarily cultured neonatal 
rat cardiomyocyte and in H9c2 cells compared to normal glucose, 
DFFRPSDQLHG� E\� LQFUHDVHG� 526�� 3URSRIRO� VLJQL¿FDQWO\� LQFUHDVHG�
cardiomyocyte HO-1 and p-STAT3 protein expression and HO-1 
activity and attenuated HG-mediated cardiomyocyte hypertrophy 
and apoptosis and reduced ROS production (P<0.05). These 
protective effects of propofol were abolished by HO-1 or STAT3 
gene knock down in H9c2 cells.

CONCLUSIONS: Activation of the HO-1/STAT3 signaling path 
way is major mechanism whereby Propofol mediates amelioration 
of hyperglycemia-induced cardiomyocyte hypertrophy and 
apoptosis and cardiac dysfunction.

REFERENCES:

1 Circulation 2010;121:1912-25

2 J. of hepatology 2012;56:359-66)

3 BMC gastroenterology 2011;11:144
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S-78.
GENOME-WIDE ASSESSMENT FOR GENETIC VARIANTS 
ASSOCIATED WITH LONG-TERM HEART FAILURE 
AFTER CORONARY ARTERY BYPASS GRAFT SURGERY 

AUTHORS: A. A. Fox1, M. Heydarpour2, S. C. Body2,  
C. D. Collard3, C. S. Barnet2, J. G. Seidman4, C. E. Seidman5

AFFILIATION:1Department of Anesthesiology and Pain 
Management, University of Texas Southwestern Medical Center, 
Dallas, TX, 2Department of Anesthesiology, Perioperative and Pain 
Medicine, Brigham and Women’s Hospital, Boston, MA, 3Division 
of Cardiovascular Anesthesiology, Texas Heart Institute, Houston, 
TX, 4Department of Genetics, Harvard Medical School, Boston, 
MA, 5Department of Internal Medicine, Division of Cardiology, 
Brigham and Women’s Hospital, Boston, MA

INTRODUCTION: Offspring of parents with heart failure (HF) 
KDYH�VLJQL¿FDQWO\� LQFUHDVHG�ULVN�RI�GHYHORSLQJ�+)�HYHQ�DIWHU� ULVN�
adjustment.[1] This risk increases further in offspring of parents 
with ischemic heart disease, suggesting that myocardial ischemia 
may potentiate genetic predisposition to develop HF1 Coronary 
artery bypass graft (CABG) surgery is performed to prevent 
complications of ischemic heart disease, yet ~12% of CABG 
patients experience HF causing hospitalization or death during the 
5 yrs after surgery. We performed a genome-wide association study 
(GWAS) to determine if common genetic variants associate with 
occurrence of HF hospitalization or HF death after CABG surgery.

METHODS: European ancestry subjects undergoing non-
emergency isolated primary CABG surgery with cardiopulmonary 
bypass at two institutions (2001-2012) were assessed up to 5 yrs 
after surgery for the outcome of hospitalization or death from 
HF (mean follow-up 4 yrs ± SD 1.5 yrs). Study IRB approvals 
obtained at both institutions. Single nucleotide polymorphisms 
(SNPs; minor allele frequency >1%) were genotyped using DNA 
from subjects who experienced the study’s HF outcome (Illumina 

Human OmniExpress Array). After employing standard GWAS 
quality control steps for genotyping quality and population 
VWUDWL¿FDWLRQ��!��������613V�JHQRW\SHG� LQ�SRVW�&$%*�+)�FDVHV�
were compared in two separate analyses with control subject GWAS 
datasets obtained from two ambulatory cohorts (NCBI’s dbGaP 
resources: Analysis #1 eMERGE Geisinger eGenomic Medicine-
0\&RGH� 3URMHFW� &RQWUROV�� $QDO\VLV� ��� $XWRSV\�&RQ¿UPHG�
Parkinson Disease GWAS Consortium dataset). Chi-squared test 
(allelic model) or logistic regression analyses (additive, dominant, 
recessive models) were used to assess SNP associations with HF 
related hospitalization or death during the 5 yrs after surgery.

RESULTS: Minor allele frequencies for SNPs genotyped in 
178 post-CABG HF cases (68 ± SD 11 yrs) were compared with 
SNPs genotyped in 1261 controls in Analysis #1 and with SNPs 
genotyped in 785 controls in Analysis #2. SNPs within 14 genetic 
loci associated in both analyses with risk (P<5x10-5) for developing 
postoperative HF (Figure 1 allelic model GWAS results). One 
SNP encoded in the OXTR gene on chromosome 3p25 attained 
JHQRPH�ZLGH� VLJQL¿FDQFH� �$QDO\VLV� ��� 25DGGLWLYH� PRGHO ������
P=7.95x10-8; Analysis #2 ORadditive model=2.14, P=2.96x10-6). 
7KH�WZR�613V�QH[W�PRVW�VLJQL¿FDQWO\�DVVRFLDWHG�ZLWK�+)�ZHUH�����
downstream of the RHBG gene on chromosome 1q22 (Analysis 
#1 ORadditive model=1.94, P=2.01x10-6; Analysis #2 ORadditive 
model=1.90, P=2.05x10-5), and 2) at chromosome 14q21 (Analysis 
#1 ORadditive model=2.17, P=2.63x10-6; Analysis #2 ORadditive 
model=2.15, P=1.28x10-5).

CONCLUSIONS:�:H�LGHQWL¿HG�QRYHO�JHQHWLF�ORFL�DVVRFLDWHG�ZLWK�
increased risk for development of HF during the 5 yrs after CABG 
surgery. Replication studies in additional cardiac surgical cohorts 
are being initiated to assess these loci, and future studies are needed 
WR� GH¿QH� ELRORJLF�PHFKDQLVPV� WKDW� OLQN� WKHVH� JHQHWLF� YDULDQWV� WR�
postoperative HF.

REFERENCE:

1. N Engl J Med 2006, 355(2):138-147
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ERYTHROPOIETIN IS A PREDICTOR OF RENAL AFTER 
AORTIC SURGERY

AUTHORS: Y. kouatli1, S. N. Neill2

AFFILIATION:1Anesthesiology, Henry Ford Health System, 
Detroit, MI, 2Anesthesiology, University of Michigan, Ann Arbor, MI

Aortic surgery is associated with acute kidney injury (AKI)1. 
Creatinine and urine output diagnose AKI but these measures can 
be late 2,3. Biomarkers could help diagnose AKI4. Erythropoietin 
(EPO) is involved in renal recovery in a rat model of renal injury5 
and could hypothetically be a biomarker for AKI. We evaluated 
EPO as a biomarker for AKI in patients undergoing aortic surgery.

General Anesthesia was induced. All patients had left femoral 
and right radial arterial lines and a Swan Ganz catheter. CPB 
arterial cannulation was in the aorta or in the right axillary artery. 
A majority of patients had a two stage venous cannula inserted in 
their right atrium. All patients had a left ventricular decompression 
cannula. All hypothermic circulatory arrest (HCA) patients were 
FRROHG�EHWZHHQ���� WR� ���&��$OO� RWKHU� SDWLHQWV�ZHUH� FRROHG� WR� ���
����&��$IWHU�+&$��DQWHJUDGH�RU�UHWURJUDGH�FHUHEUDO�SHUIXVLRQ�ZDV�
provided. Blood samples were obtained after induction, 15 to 20 
minutes after cardiopulmonary bypass and 12 to 18 hours post 
RSHUDWLYHO\��6DPSOHV�ZHUH�IUR]HQ�DW������&�XQWLO�FRPSOHWLRQ�RI�WKH�
study. EPO samples were analyzed using eBioscience EPO ELISA 
kits. All were analyzed on Synergy plate reader.

'H¿QLWLRQV� RI� UHQDO� LQMXU\� ZDV� EDVHG� RQ� WKH� 5,)/(� FULWHULD� >�@��
Univariate comparisons were performed between groups using 
the Mann-Whitney U tests. EPO medians were compared at each 
time point between the AKI groups. Additionally, a ratio of draw 
3 to draw 1 was calculated for each individual subject in order to 
assess the magnitude of EPO elevation in AKI. Univariate logistic 
regressions was performed on the maximum EPO values and the 
ratios for each subject with AKI as the outcome. Areas under 
the receiver operating characteristic curves was calculated for 
each regression.

A total of 13 subjects developed AKI (16.9%). 8 from a population 
of 31 without HCA (25.8%) and 5 from a population of 46 with 
HCA (10.9%).

Age, gender, diabetes mellitus, hypertension, smoking, peripheral 
vascular disease, carotid disease, operative time, CPB time, aortic 
cross clamp time, HCA, pre-operative hematocrit, total intra-
operative units of autologous blood or packed red blood cells, intra-
operative units of platelets, fresh frozen plasma and cryoprecipitate, 
ZHUH�QRW�VLJQL¿FDQW��2OLJXULD�DQG�OHQJWK�RI�,&8�DQG�KRVSLWDO�VWD\�
ZHUH�VLJQL¿FDQW��(32�OHYHOV�VLJQL¿FDQWO\�LQFUHDVHG�SRVW�RSHUDWLYHO\�
RQO\� LQ� VXEMHFWV� WKDW� GHYHORSHG�$.,� �¿J� ����$� PHGLDQ� RI� UDWLRV�
RI� ����� EHWZHHQ� WKH� ODVW� DQG� ¿UVW� OHYHO� RI� (32� ZDV� VWDWLVWLFDOO\�
VLJQL¿FDQW��7DEOH�����$�ORJLVWLF�UHJUHVVLRQ�SURGXFHG�DQ�DUHD�XQGHU�
the receiver operator curve (AUC) of 0.69 for EPO (Fig 2) 0.75 for 
EPO ratios (Fig 3).

Post operative EPO Levels are predictors of renal injury after aortic 
surgery with or without HCA. EPO ratios could become a clinical 
tool for the diagnosis of AKI after aortic surgery.

1. J Anesth 25:799-804

2. J Thorac Cardiovasc Surg 143:676-81

3. J cardiothoracic and vasc anesth 26:340-5

4. Ann Thorac Surg 93:584-91

5. Am J Physiol 266:F360-6

6. J Histochem Cytochem 41:335-41
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S-80.
THE AGE OF TRANSFUSED BLOOD PREDICTS 
HEMATOCRIT CHANGE IN PATIENTS WHO HAVE 
UNDERGONE ELECTIVE HIP OR KNEE ARTHROPLASTY

AUTHORS: V. Petrov-Kondratov1, M. Fung2, C. Greene3

AFFILIATION: 1Anesthesiology, University of Texas Southwestern 
Medical Center, Dallas, TX, 2Pathology, Fletcher Allen Health 
Care, Burlington, VT, 3Anesthesiology, Fletcher Allen Health Care, 
Burlington, VT

BACKGROUND: Important clinical decisions are based on the 
standard textbook teaching that there is an expected 3% increase in 
hematocrit (HCT) following transfusion of a single unit of packed 
red blood cells (PRBC).1 There is evidence to suggest that the HCT 
increase following transfusion in critically ill patients is dependent 
on the storage time of the transfused blood.2 Our study is designed 
to further evaluate this relationship by considering a group of 
generally healthy patients without concurrent disease processes that 
could obscure the relationship between HCT change and length of 
storage of the transfused blood.

METHODS:� &KDUWV� RI� WKH� SDWLHQWV� WKDW� KDYH� XQGHUJRQH� ¿UVW�
time elective total hip or knee arthroplasty for degenerative joint 
disease and required blood transfusion for postoperative anemia 
were included in this study. Included patients received either one or 
two units of PRBC and there was no cutoff for pre-transfusion HCT 
values that were considered for this study. Patients that were noted 
to have postoperative “bleeding” or “hemorrhage” were excluded. 
Change in HCT level following transfusion was the outcome 
variable; it was calculated by subtracting the pre-transfusion HCT 
value from post-transfusion HCT value. When two units of PRBC 
were transfused to a single patient, resultant change in HCT was 
divided by two. To interpret the data, duration of blood storage was 
analyzed as continuous and grouped by weeks of age.

RESULTS: A total of 529 patient’s charts were reviewed. Final 
analysis included 104 patients that received a total of 170 units of 
PRBCs. Of 104 patients, 38/104 (36.5%) received 1 unit of PRBC 
and 66/104 (63.5%) received 2 units of PRBC. A statistically 
VLJQL¿FDQW�� OLQHDU�� LQYHUVH� UHODWLRQVKLS�ZDV� REVHUYHG� EHWZHHQ� WKH�
age of the transfused blood and change in HCT (r2 = -0.16, P < 
0.0001; Figure 1). When transfused blood was grouped by weeks of 
DJH��D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�FKDQJH�LQ�+&7�ZDV�
REVHUYHG�EHWZHHQ�WUDQVIXVHG�EORRG�WKDW�ZDV����ZHHNV�RI�DJH�DQG�
>3 weeks of age (3.5% vs 2.3%, respectively; P = 0.001; Figure 2).

CONCLUSION:� %DVHG� RQ� RXU� ¿QGLQJV� ZH� FRQFOXGH� WKDW� WKH�
change in hematocrit following transfusion in a generally healthy 
population decreases with increasing age of the transfused blood. 
$YHUDJH�FKDQJH�LQ�+&7�LV������IRU�XQLWV�RI�EORRG�WKDW�DUH����ZHHNV�
of age and 2.3% for units of blood that are >3 weeks of age. We 
conclude that the standard teaching that there is an expected 3% 
increase in HCT following a transfusion of a single unit of PRBCs 
is no longer accurate.

REFERENCES:

1.  Morgan EG, Mikhail MS, Murray MJ. “Fluid Management and 
Transfusion.” Clinical Anesthesiology. 4th ed. Lange Medical 
Books/McGraw-Hill, 2006. Print.

2.  Pieracci FM et al. The age of transfused blood predicts hematocrit 
response among critically ill surgical patients. Am J Surg. 2012 
Sep;204(3):269-73
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S-81.
BLOOD RECOVERY FROM VACUUM-ASSISTED WOUND 
CLOSURE DEVICES 

AUTHORS: G. Konig1, H. Dhaliwal1, J. Orr1, M. Bertenthal1, A. D. 
Murdock2, J. H. Waters1

AFFILIATION:1Department of Anesthesiology, University of 
Pittsburgh School of Medicine, Pittsburgh, PA, 2Trauma and General 
Surgery, University of Pittsburgh Medical Center, Pittsburgh, PA

INTRODUCTION:

Using negative pressure to assist with wound closure and wound 
healing has been shown to be highly effective. It is used in many 
types of surgeries for treatment of a wide variety of wounds. 
Vacuum-assisted wound closure devices (VAWCDs) are used 
to apply negative pressure and aid in wound closure and healing 
E\�SURPRWLQJ� ORFDO�SHUIXVLRQ��7KH\�DOVR�SURPRWH�ÀXLG� DQG�EORRG�
H[XGDWH��7KH�ÀXLG�DVSLUDWHG�E\�9$:&'V�LV�VDQJXLQHRXV�DQG�PD\�
contain a considerable volume of red blood cells (RBCs). Blood 
recovery, the perioperative process by which autologous blood is 
salvaged and retransfused back to the patient, has been shown to 
reduce the risk of blood transfusions. The aim of this study was to 
measure the amount of hemoglobin (Hb) lost to VAWCDs in order 
to evaluate whether or not blood recovery should be considered for 
9$:&'�ÀXLG�

METHODS: Prospective cohort study of the Hb content of 
9$:&'V�LQ�SDWLHQWV�ZLWK�VXUJLFDO�9$:&'V��$OO�FDQLVWHUV�RI�ÀXLG�
DVSLUDWHG�E\�WKH�9$:&'�ZHUH�FROOHFWHG��7RWDO�ÀXLG�YROXPH��WRWDO�
RBC Hb, and free Hb was measured for each canister. Total Hb 
was calculated from RBC Hb and free Hb. Numbers were totaled 
for all canisters from a given patient for a given VAWCD site. 
Microbiology testing was done on all samples for sterility.

RESULTS: Fourteen patients with either large wounds undergoing 
wound debridement, trauma wounds, or exploratory laparotomy 
wounds were enrolled in the study. A total of 39 canisters were 
FROOHFWHG��SDWLHQWV�¿OOHG�RQH� WR� WHQ�FDQLVWHUV�ZLWK�ÀXLG�HDFK��ZLWK�
HDFK�FDQLVWHU�KROGLQJ�XS�WR����P/�ÀXLG��3DWLHQWV�¿OOLQJ�OHVV�WKDQ�RQH�
canister (n=4) were excluded. Data from the remaining ten patients 
VKRZHG�VWUDWL¿FDWLRQ�RI�SDWLHQWV�LQWR�HLWKHU�ORZ�RU�KLJK�DPRXQWV�RI�
total Hb: 3.6 +/- 1.3 g Hb (n=8) vs 42.6 +/- 8.8 g Hb (n=2). There 
ZDV�QR�VWUDWL¿FDWLRQ�RI�IUHH�+E��������������J�+E��Q �����0HDQ�WRWDO�
ÀXLG�YROXPH�ZDV���������������P/������RI�FDQLVWHUV��������ZHUH�
not sterile.

CONCLUSIONS:� 'HVSLWH� ORVLQJ� KLJK� YROXPHV� RI� ÀXLG�� PRVW�
patients with VAWCDs do not lose more than a few grams of Hb. 
,Q� D� VPDOO� VXEVHW� RI� SDWLHQWV� WKHUH� LV� VLJQL¿FDQWO\�PRUH� EOHHGLQJ�
into the wound site and into the VAWCD. These patients lose the 
equivalent of more than half a unit of packed red cells through their 
VAWCDs. In terms of sterility, some canisters were contaminated 
with bacteria, most likely from the wound site. Whether or not red 
cells can be safely and effectively recovered from VAWCDs will 
need to be investigated. This study does not support the routine 
application of blood recovery to VAWCDs.

S-82

S-82.
LONG TERM SEDATION WITH VOLATILE ANESTHETICS 
COMPARED TO PROPOFOL IMPROVES OUTCOME IN A 
RODENT MODEL OF SEPSIS.

AUTHORS: M. Schläpfer1, T. Piegeler1, R. O. Dull2, D. E. 
Schwartz2, B. Beck-Schimmer1, R. D. Minshall2; 

AFFILIATION:1Department of Anesthesiology, University 
Hospital Zurich, Zurich, Switzerland, 2Department of 
Anesthesiology, University of Illinois at Chicago, Chicago, IL.

INTRODUCTION: Sepsis and septic shock are associated with a 
mortality of approximately 50% and tremendous healthcare costs1. 
Septic patients often require mechanical ventilation and long-term 
sedation. Due to the known immunomodulatory effects of volatile 
anesthetics2 we hypothesized that sedation with these agents would 
be associated with better outcome compared to sedation with 
propofol in a rodent model of severe sepsis.

METHODS: Sepsis was induced by cecal ligation and puncture 
(CLP) in adult male Wistar rats. All animals were mechanically 
ventilated via a tracheotomy and were instrumented with an 
arterial and venous line. Sedation was maintained for 24 hours with 
SURSRIRO� �����PJ�NJ�K��� VHYRÀXUDQH��GHVÀXUDQH�RU� LVRÀXUDQH� �����
0$&���7ZR�VKDP�RSHUDWHG�JURXSV�UHFHLYHG�LVRÀXUDQH�RU�SURSRIRO��
Arterial blood gases were analyzed every 6h. 0.5ml/kg/h NaCl 0.9% 
was administered to all rats and doubled in septic animals if mean 
arterial pressure dropped <55mmHg.

Survival was analyzed using a Log-Rank test; biochemical data was 
assessed with Student’s t-test or ANOVA.

RESULTS:

1.  Survival time decreased to 12h (mean) for animals in the CLP-
propofol group, whereas survival was >56% after 24h in all other 
groups (p<0.001).

����$IWHU� ��K�� EDVH� H[FHVV�ZDV� VLJQL¿FDQWO\� ORZHU� �S������� LQ� WKH�
propofol group comparet to the volatile groups (-20.6 for propofol 
YV�� ������� ������ DQG� �����P(T�O� IRU� LVRÀXUDQH�� VHYRÀXUDQH� DQG�
GHVÀXUDQH��

3.  Sham operated animals sedated with propofol showed a 2.7-fold 
LQFUHDVH�LQ�HQGRWR[LQ�OHYHOV�DIWHU����KRXUV�FRPSDUHG�WR�LVRÀXUDQH�
(p<0.0001). At 12h endotoxin levels in septic CLP-animals were 
WZLFH�DV�KLJK� LQ� WKH�SURSRIRO�FRPSDUHG� WR� WKH� LVRÀXUDQH�JURXS�
(p<0.0001).

����3URSRIRO�OHG�WR�D�PRUH�SURQRXQFHG�LQÀDPPDWRU\�UHDFWLRQ�ZKHQ�
compared to the volatile groups: TNF levels at 12h were 133 vs. 
���SJ�PO� �S�������� LQ� VHSWLF� LVRÀXUDQH� DQLPDOV� FRPSDUHG� WR�
propofol and 23 vs. 89pg/ml in sham animals after 24h (p<0.05).

CONCLUSIONS:

1.  Survival of septic rats sedated with the 3 most commonly used 
YRODWLOH�DQHVWKHWLFV�ZDV�VLJQL¿FDQWO\�KLJKHU�FRPSDUHG�WR�VHGDWLRQ�
with propofol.

2.  Acidosis developed faster in animals sedated with propofol.

����7KH�LQÀDPPDWRU\�UHVSRQVH�ZDV�DWWHQXDWHG�LQ�WKH�YRODWLOH�JURXSV�
compared to the corresponding propofol groups.

����7UDQVODWHG� LQWR� D� FOLQLFDO� VFHQDULR� VHSWLF� SDWLHQWV�PLJKW� EHQH¿W�
from sedation with volatile anesthetics.

REFERENCES

1. Int Care Med 2002, 28(10):1440-1446.
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S-83.
INVESTIGATION OF A NOVEL TURBINE-DRIVEN 
VENTILATOR FOR USE IN CARDIOPULMONARY 
RESUSCITATION

AUTHORS: S. Allen, L. Brewer, E. Gillis, D. Sakata, N. Pace

AFFILIATION: Anesthesiology, University of Utah, Salt Lake 
City, UT

BACKGROUND: Past research has shown that increased 
respiratory rate during cardiopulmonary resuscitation is 
inversely correlated with systolic blood pressure. Rescuers often 
hyperventilate during CPR. Current American Heart Association 
Advanced Cardiac Life Support (ACLS) recommends a ventilation 
rate of 8-10 br/min once an advanced airway is established. We 
hypothesized that a novel, small, turbine-driven ventilator would 
allow rescuers to adhere more closely to ACLS guidelines.

METHODS:� ��� $&/6�FHUWL¿HG� KHDOWKFDUH� SURIHVVLRQDOV� ZHUH�
paired into groups of two. Each team performed four randomized 
rounds of 2-minute cycles of CPR on an intubated manikin, with 
individuals altering between compressions and breaths. Two rounds 
RI� &35� ZHUH� SHUIRUPHG� ZLWK� D� VHOI�LQÀDWLQJ� EDJ� �6,%�� DQG� WZR�
rounds were with the ventilator. The ventilator was set to deliver 
8 br/min, pressure limit 22 cmH20. No coaching of volunteers 
was given. Respiratory rate (RR), tidal volume (Vt), peak airway 
pressure (PIP) and compression interruptions (hands-off time) were 
recorded. Teams also attempted to mask-ventilate the extubated 
manikin with the ventilator and the SIB. Data were analyzed with a 
linear mixed model and Welch two-sample t-test.

RESULTS: The mean RR with the ventilator was 7.997 (standard 
GHYLDWLRQ������������FRQ¿GHQFH� LQWHUYDO���������������0HDQ�55�
with the SIB was 10.05 (SD 2.15, 95% CI 8.828-11.271). Mean 
ventilator Vt was 0.482 L (SD 0.022, 95% CI 0.441-0.523). Mean 
SIB Vt was 0.626 L (SD 0.084, 95% CI 0.568-0.685). Mean 
ventilator PIP was 22.15 cmH2O (SD 0.314, 95% CI 20.14-24.15). 
Mean SIB PIP was 31.88 cmH2O (SD 4.47, 95% CI 29.05-34.71). 
Mean hands-off time for ventilator and SIB were 5.25 sec (SD 2.10) 
and 6.41 sec (SD 1.45, 95% CI 0.431-1.902), respectively. During 
the mask leak trial, the mean ventilator delivered Vt was 2.65 L, of 
which 0.432 L entered the lungs. The mean SIB Vt delivered was 
0.448 L, of which 0.262 L entered the lungs.

CONCLUSIONS: :KHQ� FRPSDUHG� WR� D� YHQWLODWRU� ZLWK� ¿[HG�
settings in a manikin model, volunteers ventilated with a self-
LQÀDWLQJ� EDJ� ZLWKLQ� $&/6� JXLGHOLQHV�� +RZHYHU�� YROXQWHHUV�
ventilated with increased variation, at higher tidal volumes and 
higher peak pressures with the SIB. Hands-off time was also 
VLJQL¿FDQWO\� ORZHU�ZLWK� WKH�YHQWLODWRU�� ,Q�D�PDVN� OHDN�VLPXODWLRQ��
the ventilator provided higher, more consistent tidal volumes. These 
¿QGLQJV�LQGLFDWH�WKDW�D�WXUELQH�GULYHQ�YHQWLODWRU�PD\�EHQH¿W�&35�
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EPINEPHRINE INTRA-MUSCULAR “PENS” 

AUTHORS: W. F. Sellers1, P. Maino2

AFFILIATION:1Anaesthesia, Retired, Great Easton, United 
Kingdom, 2Anaesthesia, Lugano Hospital, Lugano, Switzerland

INTRODUCTION: Intramuscular epinephrine doses of 0.15, 0.3, 
and 0.5mg are delivered by a variety of devices (pens) containing 
glass syringes of epinephrine. Delivery of drug is through clothing 
into the lateral aspect of the thigh in cases of anaphylaxis and 
life-threatening asthma, and educational institutions in States of 
the USA have “pens” and training in place following anaphylaxis 
deaths (see Virginia House Panel ruling HB1107, 2012). Devices 
have different power springs and needles of different lengths and 
gauge to pierce clothes, skin, and muscle and to push on the syringe 
plunger to deliver epinephrine to the patient. We report preliminary 
investigation of EpiPenR (round barrel model), JextR, and AnapenR.

METHODS: 300 mcg dose pens were either purchased (about 
$40) by the authors, or donated because they were out-of-date. The 
manufacturer of AnapenR supplied free pens. We were unable to 
measure needle thrust power, but measured the length of vertical 
spray of liquid epinephrine by discharging slightly-angled devices 
RQ� D� ZRRGHQ� ÀRRU� RQWR� D� YHUWLFDO� ZKLWH� ZDOO�� 7KH� KHLJKW� RI� WKH�
bottom and the top of spread of liquid on the wall was measured 
from the needle end. Discharge of contents was timed. Needle 
lengths (protruding from the sheath), diameter, and bevel length 
were measured, and used devices were dismantled.

Epinephrine "pen" comparison

Pen name Needle length protruding Needle diameter Bevel length Final needle position Vertical spray height

Anapen 8mm 0.4mm(27G) 1.25mm Stays out 13-16cm

EpiPen 13.5mm 0.72mm(22G) 3.28mm Stays out 58-64cm

Jext 15mm 0.72mm(22G) 2.25mm Covered 166-180cm

RESULTS: Table 1. Anapen uses different concentrations of 
epinephrine to achieve dosage in a 0.3ml volume, the others have 
the same epinephrine concentration and utilise a syringe plunger-
stop mechanism to change amounts (0.15 and 0.5mg) injected. 
Jext uses 1mg per ml of epinephrine. Anapen took 2.1 seconds to 
discharge contents, the others less than 1 second.

CONCLUSION: Jext was the most “powerful” injector with the 
biggest springs. AnapenR has been withdrawn from use in the UK 
because the needle was deemed too short, but continues to be used 
in Canada and mainland Europe. Further research in vitro and vivo 
is worthwhile, because even multiple doses of epinephrine did 
not succeed in saving a life1�� )XWXUH� LGHDV� PD\� EH� PRGL¿FDWLRQ�
of devices to give more than one dose of epinephrine; advising to 
have available (and to be ready to use), more than one device for a 
patient; combining epinephrine with an alpha agonist, (metaraminol 
or vasopressin), to prevent pooling of blood in muscles and to 
restore blood pressure2. Metaraminol is now part of the Association 
of Anaesthetists of UK and NI anaphylaxis guideline when 
intravenous epinephrine does not have a required effect3.

REFERENCES:

1.Inquest 2010, Australia. Nathan Francis. Court Reference 1212/07

2.Anaesthesia 2001;56(11):1085-1089.

3.Anaesthesia 2009;64:199-211
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PREDICTION SCORE NOT NECESSARY FOR PATIENTS 
WITH ATRIAL FIBRILLATION BEFORE CARDIAC 
SURGERY

AUTHORS: E. Conrad, J. Blankenstein, D. T. Tran

AFFILIATION: Anesthesiology, University of Ottawa Heart 
Institute, Ottawa, ON, Canada

INTRODUCTION:� $WULDO� ¿EULOODWLRQ� LV� D� FRPPRQ� DUUK\WKPLD�
associated with increased morbidity and mortality after cardiac 
surgery1. There are effective treatments available for prophylactic 
SUHYHQWLRQ�RI�SRVWRSHUDWLYH�DWULDO�¿EULOODWLRQ�2 The ability to predict 
which patients are at high risk of developing the arrhythmia will 
IDFLOLWDWH� HI¿FLHQW� LPSOHPHQWDWLRQ� RI� D� SUHYHQWLRQ� SURWRFRO�� :H�
recently derived a clinical score to predict new onset postoperative 
DWULDO� ¿EULOODWLRQ� �32$)�2. The score consists of three simple 
YDULDEOHV��DJH�����\HDUV�ROG��DQ\�PLWUDO�YDOYH�GLVHDVH�DQG�OHIW�DWULDO�
dilatation. The predicted probability of developing new onset POAF 
after heart surgery based on the score is: 15.0% if the score is 0, 19% 
if 1, 25% if 2; 32% if 3, 39% if 4, 48% if 5, 56% if 6 and 64% if 7. 
7KLV�SURMHFW�DLPV�WR�WHVW�WKH�SUHGLFWLYH�YDOXH�RI�WKLV�DWULDO�¿EULOODWLRQ�
VFRUH� LQ�SDWLHQWV�ZKR�DOUHDG\�KDYH�SUHRSHUDWLYH�DWULDO�¿EULOODWLRQ��
We hypothesize that the prediction score is not applicable to patients 
ZLWK�SUHRSHUDWLYH�DWULDO�¿EULOODWLRQ�VLQFH�WKH\�DUH�LQKHUHQWO\�DW�YHU\�
high risk of developing it after surgery.4

METHODS: After research ethics approval, all patients with a 
KLVWRU\� RI� DWULDO� ¿EULOODWLRQ�ZKR� XQGHUZHQW� QRQ�HPHUJHQW� &$%*�
and/or valve surgery from Jan 1st 2010- Dec 31st 2011 were 
included in this observational cohort study. Using prospectively 
collected data from a perioperative database supplemented with 
detailed chart review, eligible patients were assessed for the 
development of POAF and clinical outcomes in hospital. An atrial 
¿EULOODWLRQ� VFRUH� ZDV� FDOFXODWHG� IRU� HDFK� SDWLHQW�� 3UHGLFWLRQ� UXOH�
YDOLGDWLRQ�ZDV�SHUIRUPHG�XVLQJ�WKH�&KL�6TXDUHG�JRRGQHVV�RI�¿W�WHVW�
as well as comparison of the area-under-the curve using the Hanley 
McNeil method.

RESULTS: 293 (81%) of 362 patients developed POAF. The 
DYHUDJH� DWULDO� ¿EULOODWLRQ� VFRUH� ZDV� ���������� ZLWK� D� SUHGLFWHG�
probability of 44+/-14% of developing POAF. 78% of patients had 
D�VFRUH�DW�DW�OHDVW����$OO�REVHUYHG�UDWHV�RI�32$)�ZHUH�VLJQL¿FDQWO\�
higher than predicted at each level of the score (p<0.0034). The 
$8&�XQGHU�WKH�52&�ZDV�������DQG�ZDV�VLJQL¿FDQWO\�GLIIHUHQW�IURP�
WKH�GHULYDWLRQ�FRKRUW��S ������7KHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�
between the incidence of complications between the two groups. 
3DWLHQWV�ZKR� GHYHORSHG� 32$)� KDG� VLJQL¿FDQWO\� ORQJHU� OHQJWK� RI�
hospital stay 18.1 vs 11.5 days, p=0.001.

CONCLUSIONS: The majority of patients who have any 
SUHRSHUDWLYH� DWULDO� ¿EULOODWLRQ� ZLOO� DOVR� GHYHORS� LW� DIWHU� FDUGLDF�
VXUJHU\��7KH�DWULDO�¿EULOODWLRQ�VFRUH�LV�QRW�DSSOLFDEOH�LQ�WKLV�SRSXODWLRQ�
DQG� URXWLQH� SURSK\OD[LV� DJDLQVW� SRVWRSHUDWLYH� DWULDO� ¿EULOODWLRQ� LV�
recommended in this subset of high risk patients. Prophylaxis may 
help reduce costs associated with longer hospital stays.

REFERENCES:

1. Int J Cardiol 2008; 129: 354-62

2. Cochrane Database Sys Rev 2004:003611

3. Anesth Analg 2013;116(SCA Suppl):SCA83

4. J Thor & Cardiovasc Surgery 2007;133: 182-9.
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S-86.
THE EFFECT OF PEEP ON BLOOD LOSS DURING RADICAL 
PROSTATECTOMY

AUTHORS: E. I. Ehieli1, L. Howard2, S. J. Freedland3, T. G. Monk4

AFFILIATION:1Anesthesiology, Duke University Hospital, 
Durham, NC, 2Biostatistics, Duke University Hospital, Durham, NC, 
3Urology, Duke University Hospital, Durham, NC, 4Anesthesiology, 
University of Missouri Hospital, Columbia, MO

INTRODUCTION: Positive end expiratory pressure (PEEP) 
is commonly applied intraoperatively to prevent atelectasis, and 
thereby improve oxygenation.1-2 However, PEEP has been shown 
to increase vena cava pressures which could result in increased 
intraoperative blood loss (EBL), especially in prostate surgeries 
where the bleeding is predominantly venous.3-4 Known risk factors 
for EBL during radical retropubic (RRP) and robotic (ROP) 
prostatectomy include increased BMI and prostate size,5 but the 
effect of PEEP on EBL has not been studied. We designed this 
retrospective database study to investigate the effect of PEEP on 
EBL in RRP and ROP.

METHODS: We collected data on 240 patients who underwent 
either RRP or ROP at a single institution between the years 2008 and 
2012. Patients were only included in the analysis if their surgery was 
performed by the 4 surgeons who routinely perform these procedures. 
Anesthetic records were examined to determine the median PEEP 
values during surgery. Patient characteristics were compared using 
t-tests, rank sum, or chi-square tests as appropriate. The association 
between PEEP (continuous) and EBL (continuous, log-transformed) 
ZDV�WHVWHG�XVLQJ�OLQHDU�UHJUHVVLRQ��0RGHOV�ZHUH�VWUDWL¿HG�E\�VXUJHU\�
type (RRP or ROP) and adjusted for BMI, prostate weight, year of 
surgery, and surgeon. The interaction between PEEP and type of 
surgery was tested in the linear regression model.

RESULTS:�$IWHU� H[FOXGLQJ� SDWLHQWV�ZLWK�PLVVLQJ� GDWD�� WKH� ¿QDO�

sample size was 208 patients. Patients undergoing RRP and ROP 
were similar with respect to age, race, BMI and prostate size. 
Median EBL for ROP and RRP were 150ml and 900ml, respectively 
�S���������3DWLHQWV�ZHUH�FODVVL¿HG�LQWR�ORZ������FP+����DQG�KLJK�
��� �� FP+���� 3((3� JURXSV�� )RU� 553�� PHGLDQ� (%/� ZDV� ���� PO�
for low PEEP versus 1000 ml for high PEEP (P = 0.02). For ROP, 
median EBL was 250 ml for low PEEP versus 150 ml for high PEEP 
(P = 0.06). After risk adjustment, every cmH20 increase in PEEP 
was associated with a 7.1% increase in EBL for RRP (p=0.02), and 
a 6.6% decrease in EBL (P=0.11) in ROP (Table). Furthermore, the 
interaction between PEEP and surgery type in predicting EBL was 
VLJQL¿FDQW��S �������

Table: Association between EBL and PEEP by type of surgery

CONCLUSIONS: We found that the addition of PEEP during 
radical prostatectomy was associated with differing effects on blood 
loss, resulting in higher EBL in RRP and a trend towards a lower 
(%/�LQ�523��6LQFH�3((3�LQFUHDVHV�YHQRXV�SUHVVXUH��RXU�¿QGLQJV�
RI� LQFUHDVHG� (%/� GXULQJ� 553� VXJJHVW� WKDW� WKH� EHQH¿WV� RI� XVLQJ�
PEEP should be weighed against the risk of increased EBL. During 
523��LW�LV�OLNHO\�WKDW�WKH�H[WUDSHULWRQHDO�LQVXIÀDWLRQ�FRXQWHUDFWV�WKH�
effects of increased venous pressure, thereby preventing blood loss.

REFERENCES:

1) BJA: CEACCP 9(4): 125-129, 2009

2) Anesth Analg 97(6):1835-9, 2003

3) J Urol 160(2):477-8, 1998
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5) Prostate Cancer Prostatic Dis 12(3):264-8, 2009

Open RP Robotic RP

ǻ��FKDQJH�LQ�(%/������&,� p-value ǻ��FKDQJH�LQ�(%/ P-value

(95% CI)

Crude 7.2% (1.1,13.6) 0.02 –8.1% (–15.3, –0.4) 0.04

$GMXVWHG 7.1% (1.1,13.4) 0.02 –6.6% (–14.2, 1.7) 0.113
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S-87.
COMPARISON OF INTRAVENOUS CONTINUOUS 
AND BOLUS INFUSION OF FLUIDS IN PATIENTS 
UNDERGOING MAJOR GASTROINTESTINAL SURGERY.

AUTHORS: L. H. Navarro e Lima1, R. M. Lima1, N. Y. Santos1,  
W. Meira1, G. R. Rodrigues1, A. Brinley2, G. C. Kramer2

AFFILIATION: 1FMB - Anesthesiology Department, 
Botucatu Medical School - UNESP, Botucatu, Brazil, 2UTMB - 
Anesthesiology Department, University of Texas Medical Branch, 
Galveston, TX

INTRODUCTION: Surgical patients lose large amounts of 
ÀXLG� SHULRSHUDWLYHO\�� XVXDOO\� GXH� WR� EORRG�� XULQH�� DQG� LQVHQVLEOH�
HYDSRUDWLYH� ORVV�� 2SWLPDO� PDQDJHPHQW� RI� ÀXLG� ORVV� LV� ZLGHO\�
debated as studies show increased mortality with surgery-associated 
hyper and hypovolemia. Current standard of care (SOC) for 
VXUJLFDO�ÀXLG�DGPLQLVWUDWLRQ�LV�FRQWLQXRXV�LQWUDYHQRXV�LQIXVLRQ�RI�
crystalloid and colloid solutions as well as blood products. This 
VWXG\�VHHNV�WR�GHWHUPLQH�KRZ�EROXV�LQIXVLRQ�RI�ÀXLGV��UDWKHU�WKDQ�
the SOC infusion, affects patient outcomes. We hypothesize that 
EROXV� LQIXVLRQ�ZLOO� UHGXFH� WRWDO� DPRXQW� RI�ÀXLG� GHOLYHU\�� WLPH� WR�
UHWXUQ�RI�ERZHO�IXQFWLRQ��¿UVW�IHHGLQJ��DQG�KRVSLWDO�GLVFKDUJH�

METHODS: Patients between ages 18-65, ASA grades I-III, 
undergoing major gastrointestinal (GI) surgery were included in this 
study. Major exclusion criteria included underlying kidney disease. 
Consecutive patients were randomized to either the control SOC 
LQIXVLRQ�JURXS�RU�WKH�H[SHULPHQWDO�EROXV�LQIXVLRQ�JURXS��7KH�ÀXLG�
delivery algorithm in the bolus group was based on mean arterial 
pressure (MAP) and on a pulse pressure variability (PPV) threshold 
�!������¿JXUH�����7KH�PDMRU�VWXG\�RXWFRPHV�ZHUH�YROXPH�RI�ÀXLG�
LQIXVHG�GXULQJ�VXUJHU\��WLPH�WR�¿UVW�LQWHVWLQDO�HYDFXDWLRQ��WLPH�WR�¿UVW�
oral feeding, and time to hospital discharge. Additional parameters 
were measured during surgery including the amount and types of 
ÀXLG�� EORRG� SURGXFW�� DQG� XULQDU\� RXWSXW�� %ORRG� FKHPLVWU\� YDOXHV�
were collected at 60 time intervals. Data with a normal distribution 
were analyzed using a student’s t-test for comparison of the bolus 
versus SOC groups and presented as mean ± standard deviation.

RESULTS: Data from 58 patients were analyzed. There were no 
VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV� IRU� DJH��ZHLJKW��KHLJKW��RU�
$6$�JUDGH��7KHUH�ZHUH�QR�VLJQL¿FDQW�GLIIHUHQFHV�IRU�WLPH�WR�¿UVW�
LQWHVWLQDO�HYDFXDWLRQ����������YV�����������S �������WLPH�WR�¿UVW�RUDO�
feeding (3.6±2.1 vs. 3.0±2.2; p=0.27), or time to hospital discharge 
(11.8±5.8 vs. 11±5.6; p=0.74) between SOC and bolus groups, 
UHVSHFWLYHO\��+RZHYHU��WKH�YROXPH�RI�ÀXLGV��P/��DGPLQLVWHUHG�ZDV�
VLJQL¿FDQWO\�GHFUHDVHG�LQ�WKH�EROXV�JURXS���������������FRPSDUHG�WR�
the SOC group (4,487±2,087; p=0.04). Total volume of crystalloids 
(Lactate’s Ringer) delivered (mL) was different between groups 
(SOC: 3,830±1,445 vs. bolus: 2,828±1,662; p=0.02), as well as the 
urine output (SOC: 581±315 mL vs. bolus: 421±249 mL; p=0.04).
7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�UHJDUGLQJ�ODFWDWH�RU�
central venous oxygen saturation measurements between SOC and 
EROXV�JURXSV��¿JXUH����

CONCLUSIONS:�%ROXV�ÀXLG�WKHUDS\�GLUHFWHG�E\�D�339�DOJRULWKP�
ORZHUHG�SHULRSHUDWLYH�ÀXLG�UHTXLUHPHQWV�GXULQJ�PDMRU�*,�VXUJHU\�
compared to patients resuscitated using continuous infusion delivery 
E\�62&�SHU�RYHUDOO�FOLQLFDO�DVVHVVPHQW��+HPRG\QDPLF�GH¿FLHQFLHV�
IURP�SHULRSHUDWLYH�ÀXLG�ORVVHV�PD\�EH�UHVWRUHG�XVLQJ�OHVV�LQIXVHG�
ÀXLG�XVLQJ�EROXV�WKHUDS\�WKHUHE\�UHGXFLQJ�VXUJLFDO�ULVNV�DVVRFLDWHG�
ZLWK�ÀXLG�RYHUORDG�

REFERENCES:

Anesth Analg 2012;114:640-51. Curr Opin Anaesthesiol 2012; 
25:96-101.
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MEAN PLATELET VOLUME ASSOCIATION WITH 
POSTOPERATIVE ACUTE KIDNEY INJURY

AUTHORS: D. Cormican1, M. Maile1, J. Haft2, E. Jewell1,  
M. Engoren1

AFFILIATION: 1Dept. of Anesthesiology & Critical Care, 
University of Michigan, Ann Arbor, MI, 2Dept. of Cardiothoracic 
Surgery, University of Michigan, Ann Arbor, MI

INTRODUCTION: Acute kidney injury (AKI) is a frequently 
encountered clinical problem in the post-surgical population. Its 
presentation in patients is an independent predictor of morbidity and 
mortality. Several risk factors for AKI have been reported1,2 but a 
complete understanding of AKI remains elusive. Thrombosis due to 
activated platelets may contribute to microvascular dysfunction that 
is noted in AKI3��$Q�HOHYDWHG�PHDQ�SODWHOHW�YROXPH��039��UHÀHFWV�
larger platelets, which are believed to be more reactive than smaller 
platelets. An elevated MPV has been linked to other thrombosis-
related disease states4 including myocardial infarction5 ischemic 
stroke6 and venous thromboembolism7. We hypothesize an elevated 
MPV will be associated with increased incidence of AKI.

METHODS: The AKI database was created by combining our 
institutional perioperative database, and intermediate outcomes 
obtained from the institutional Society of Thoracic Surgeons 
database were used for analysis. For assessment of postoperative 
AKI, we compared the creatinine values from the last preoperative 
day vs. the highest postoperative (within 3 days of surgery) value. 
$.,�ZDV�GH¿QHG�E\�.',*2�VWDJH���JXLGHOLQH��FUHDWLQLQH�LQFUHDVH�
by 50% or > 0.3 mg/dL). MPV and platelet counts were taken from 
most recent value prior to surgery. Univariate data comparison used 
student-t, Wilcoxon rank sum, Fisher’s exact test, and Chi square 
test as appropriate. Variables were then entered into a logistic 
UHJUHVVLRQ�PRGHO������FRQ¿GHQFH�LQWHUYDOV�WKDW�H[FOXGHG���DQG�S�
YDOXHV������GHQRWHG�VWDWLVWLFDO�VLJQL¿FDQFH�

RESULTS: A total of 4361 patients were analyzed, and 1207 
developed at least stage 1 AKI. After adjustment for demographics, 
baseline renal function, and co-morbidities, both larger platelets 
and more platelets were associated with a lower occurrence of AKI. 
(Table 1) The model has fair discrimination (area under the ROC 
curve or c-statistic = 0.626 +/- 0.10).

Table 1 
)DFWRU�RGGV�UDWLR�����FRQ¿GHQFH�LQWHUYDO�S�YDOXH 
Hypertension .624 .535 - .728 <.001 
Congestive heart failure .626 .534 - .734 <.001 
Creatinine (mg/dL) 1.479 1.286 - 1.700 <.001 
Platelet count (K/uL) .999 .998 - 1.000 .010 
Mean platelet volume (fL) .941 .888 - .996 .037 
Constant .899 .747

CONCLUSIONS: Smaller platelets and fewer platelets pre-
RSHUDWLYHO\�DUH�DVVRFLDWHG�ZLWK�SRVWRSHUDWLYH�$.,��7KLV�¿QGLQJ�LV�LQ�
contradiction to previously described associations between elevated 
MPV and thrombosis-associated conditions. Further investigation 
LQWR�WKLV�DVVRFLDWLRQ�LV�UHTXLUHG��DV�WKLV�¿QGLQJ�PD\�HYHQWXDOO\�KHOS�
guide AKI prevention strategies in the future.

REFERENCES:

1. Critical Care Research and Practice. 2012 1 - 15.

2. Anesthesiology. 2009, 110(3), 505-515.

3.  Journal of American Society of Nephrology. 2006 (17) 1503-
1520.

4. Thrombosis Research. 2011 (128) 350-360.

5. Journal of Thrombosis and Haemostasis 2010;8:148-56

6. Stroke 1995; 26: 995-9.

7. Stroke 2004; 35: 1688-91
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METHYLENE BLUE ADMINISTRATION FOR ACUTE 
SEPTIC CARDIOMYOPATHY IN A SEVERELY BURNED 
PATIENT

AUTHORS: J. Schlesinger1, C. Burger2

AFFILIATION:1Anesthesiology, Vanderbilt University Medical 
Center, Nashville, TN, 2Pharmacy, St. Francis Medical Center, 
Memphis, TN

INTRODUCTION: A 60 year old male with no known past 
medical history was admitted to the Burn Intensive Care Unit with a 
����WRWDO�ERG\�VXUIDFH�DUHD�EXUQ�VHFRQGDU\�WR�D�KRXVH�¿UH�

CASE REPORT: During hospitalization, the patient developed 
VHSWLF�VKRFN�IURP�D�SQHXPRQLD�WKDW�ZDV�SRRUO\�UHVSRQVLYH�WR�ÀXLG�
therapy and vasoactive medications. Transthoracic echocardiography 
demonstrated a global hypokinesis with an ejection fraction of 10% 
(from a previous normal 55% ejection fraction). The patient was 
refractory to infusions of epinephrine, milrinone, norepinephrine, 
and vasopressin. A pulmonary artery catheter demonstrated a cardiac 
index of 0.9 L/min/m2 and a systemic vascular resistance of 2100 
mmHg. While methylene blue (MB) is typically used for vasoplegia 
and vasodilatory shock, there is literature that it can improve 
myocardial performance in the face of septic cardiomyopathy. 
Therefore we administered methylene blue to improve cardiac 
performance, weaned our vasoactive medications, and utilized a 
low-dose furosemide infusion for afterload reduction.

CONCLUSIONS: Nitric oxide (NO) is believed to contribute to 
the detrimental hemodynamic effects associated with septic shock. 
NO activates the second messenger guanylate cyclase, which 
converts cyclic guanosine triphosphate (cGTP) to cyclic guanosine 
monophosphate (cGMP), resulting in smooth muscle relaxation. In 
VHSWLF�SDWLHQWV��EDFWHULDO�HQGRWR[LQV�DQG�LQÀDPPDWRU\�F\WRNLQHV�FDQ�
activate production of an inducible nitric oxide synthase (iNOS), 
leading to excessive production of NO and cGMP. iNOS is present in 
both the vasculature and the myocardium. The sustained production 
of NO from iNOS leads to profound vasodilation, hyporeactivity 
to catecholamines/vasopressors, and decreased inotropy. Methylene 
blue (MB) has been used successfully in the treatment of shock 
and acts through inhibition of eNOS and iNOS. Recent reports 
have shown that MB increases mean arterial pressure (with or 
without vasopressors) and reduces adrenergic support requirements 
in patients with sepsis. In addition, MB has been shown to 
increase cardiac contractility (increased SVI, LVSWI, RVSWI) 
through increased sensitivity to catecholamines (endogenous and 
exogenous) and/or by reducing the attenuating effect of NO on 
myocyte contraction.

REFERENCES: Brady AJ, Poole-Wilson PA, Harding SE, Warren 
JB. Nitric oxide production within cardiac myocytes reduces their 
contractility in endotoxemia. Am J Physiol. 1992 Dec;263(6 Pt 
2):H1963-6.

Daemen-Gubbels CR, Groeneveld PH, Groeneveld AB, van Kamp 
GJ, Bronsveld W, Thijs LG. Methylene blue increases myocardial 
function in septic shock. Crit Care Med. 1995 Aug;23(8):1363-70.

Kirov MY, Evgenov OV, Evgenov NV, et al. Infusion of methylene 
blue in human septic shock: a pilot, randomized, controlled study. 
Crit Care Med 2001;29(10):1860-7.

Paciullo CA, Horner DM, Hatton KW, Flynn JD. Methylene blue for 
the treatment of septic shock. Pharmacotherapy 2010;30(7):702-15.
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ASA TRAUMA CARE SURVEY: ANESTHESIOLOGY 
PRACTICES AND OPPORTUNITY FOR EDUCATION

AUTHORS: M. McCunn1, M. S. Vavilala2, R. Speck3, R. P. Dutton4

AFFILIATION:1Anesthesiology and Critical Care, University of 
Maryland Shock Trauma Center, Baltimore, MD, 2University of 
Washington, Seattle, WA, 3University of Pennsylvania, Philadelphia, 
PA, 4Anesthesia Quality Institute, Park Ridge, IL

INTRODUCTION: U.S. hospitals report 39.4 million emergency 
department (ED) visits for injury annually, and a 14.3% hospital 
admission rate; 7.3 million of those injured require operative 
intervention.1 Anesthesiologists care for injured patients in the 
ED and/or the operating room (OR). There are no data on acute 
care anesthesiology practices that incorporate trauma manage      ment 
guidelines.

METHODS: An American Society of Anesthesiologists (ASA) 
survey of 50 items that questioned participants on preferred 
techniques, drug use, training, and resuscitation practices for trauma 
patients in the ED or the OR was distributed by email to 21,491 
active anesthesiology attendings.

RESULTS: 2,360 ASA members responded to the survey, with 
87.2% saying they provide care for trauma patients. 79% work in 
a designated trauma center, most of which were private (65.8%) 
and in urban areas (59.5%). 53.3% of practitioners respond to ED 
trauma for severely injured patients only and a third (34.1%) not 
at all. Of those who respond, most (67.4%) only provide airway 
management; 30% assist with vascular access, resuscitation 
and/or sedation. Rapid sequence induction (RSI) with direct or 
video-laryngoscopy was the preferred intubation technique in 
all patients except those who were hemodynamically stable with 
NQRZQ� FHUYLFDO� VSLQH� GH¿FLW� �¿EHURSWLF��� ,Q� KHPRG\QDPLFDOO\�
unstable patients, etomidate is the induction agent of choice; the 
majority of respondents reported the use of cricoid pressure (CP) 
GXULQJ�56,�GHVSLWH�UHFHQW�OLWHUDWXUH�VXJJHVWLQJ�QR�EHQH¿W��&3�2 or 
potential harm (etomidate)3,4 from these practices. The majority 
of respondents reported the use of massive transfusion protocols, 
but no departmental trauma-anesthesia practice guidelines. 36.2% 
of respondents have been in practice for > 20 years. One third 
RI� WKH� UHVSRQGHQWV� DUH�$7/6�FHUWL¿HG� DQG�����GHVLUH�PRUH�$6$�
educational sessions on trauma care.

CONCLUSIONS: Although anesthesiologists who care for 
injured patients work in designated trauma centers, the majority 
are not involved in ED resuscitation. Established trauma guidelines 
are not always followed. Our results suggest both a need for 
improved training and an opportunity to expand the peri-operative 
anesthesiologists’ role in the management of patients following 
traumatic injury.

REFERENCES:

1.  National Hospital Ambulatory Medical Care Survey: 2007 
Emergency Department Summary. National health statistics 
reports; no 26. Hyattsville, MD: National Center for Health 
Statistics. 2010.

2. Ann Emerg Med. 2007; 50: 653-665.

3. J Trauma 2009; 67: 45-50.

4. Arch Surg 2008; 143: 62-67.
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NEEDLELESS CONNECTORS SUBSTANTIALLY REDUCE 
FLOW OF CRYSTALLOID AND RED BLOOD CELLS 
DURING LARGE VOLUME RESUSCITATION

AUTHORS: r. A. lehn1, J. McIsaac2, K. Gipson2

AFFILIATION: 1Anesthesiology, Uconn, Farmington, CT, 
2Anesthesiology, Hartford Hospital, Hartford, CT

INTRODUCTION: Needleless connectors are widely used in 
intravenous (IV) tubing in order to reduce blood exposure and 
bloodstream infection. These connectors have the unintended 
FRQVHTXHQFH�RI�GHFUHDVLQJ�,9�ÀXLG�ÀRZ�UDWHV��ZKLFK�LV�DFFHSWDEOH�
in many clinical situations. We theorized that needleless connectors 
SURGXFH�FOLQLFDOO\�XQGHVLUDEOH�ÀRZ�UHGXFWLRQ�LQ�FDVHV�WKDW�UHTXLUH�
large volume resuscitation of crystalloids and blood products.

METHODS: A Level 1® H-1200 Fast Flow Fluid Warmer was 
used to deliver crystalloid and red blood cells (RBC) under pressure 
GXULQJ� VLPXODWHG�PDVVLYH� WUDQVIXVLRQ��7ULDOV� FRPSDUHG�ÀRZ� UDWHV�
ZLWKRXW��FRQWURO��DQG�ZLWK�¿YH�PRGHOV�RI�QHHGOHOHVV�FRQQHFWRUV�DQG�
a variety of IV catheter sizes: 9 french introducer, 7 french Rapid 
Infusion Catheter, and 14, 16, 18, 20, and 22-gauge IV catheters. 
Each series of trials consisted of one control and a new needleless 
connector of each type used with the array of IV catheters and 
LGHQWLFDO�WUDQVIXVLRQ�ÀXLG��)RU�HDFK�ÀXLG�W\SH��¿YH�WULDO�VHULHV�WKXV�
WHVWHG� ¿YH� LQGLYLGXDO� FRQQHFWRUV� RI� HDFK�PRGHO�� )ORZ� UDWHV�ZHUH�
measured by timed delivery of 10-100ml volumes in a graduated 
cylinder. Data are mean +/- SEM.

RESULTS:� $OO� ¿YH� QHHGOHOHVV� FRQQHFWRU� PRGHOV� VXEVWDQWLDOO\�
UHGXFHG�ÀRZ�RI� FU\VWDOORLG� DQG�5%&V��2EVHUYHG�ÀRZ� UDWHV�ZHUH�
most affected with the largest IV catheters used. Average RBC 
ÀRZ� UHGXFWLRQV� RI� �������� ��� IUHQFK� LQWURGXFHU��� �������� ���
french Rapid Infusion Catheter), 53+/-7% (14 gauge IV), 45+/-8% 
(16 gauge IV), 31+/-6% (18 gauge IV), 23+/-5% (20 gauge IV), 
and 11+/-4% (22 gauge IV) were observed (n = 5 series of trials). 
$YHUDJH� FU\VWDOORLG� ÀRZ� UHGXFWLRQV� ZHUH� ��� ���� ��� ��� IUHQFK�
introducer), 69 +/-5% (7 french Rapid Infusion Catheter), 60 +/-6% 
(14 gauge IV), 51 +/- 7% (16 gauge IV), 33 +/-7% (18 gauge IV), 
21+/-6% (20 gauge IV), and 17 +/-5% (22 gauge IV, n = 5 series 
of trials).

CONCLUSIONS: Needleless connectors in IV tubing greatly 
UHGXFH� WKH� ÀRZ� RI� 5%&� DQG� FU\VWDOORLG� WKURXJK� ODUJH�ERUH� ,9�
catheters during simulated large volume resuscitation. Of note, 
a 9-French introducer with an average needleless connector 
DSSUR[LPDWHV� WKH� ÀRZ� SURSHUWLHV� RI� DQ� ��� JDXJH� ,9� FDWKHWHU�
without. We suggest that providers consider omitting needleless 
connectors if large-bore IV catheters are placed for the possibility of 
uncontrolled perioperative hemorrhage.
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35(�%/2&.�2)�Į�$&+56�%<�,76�63(&,),&�$17$*21,67��
METHYLLYCACONITINE (MLA) OBLITERATES 
THE IMMOBILIZATION-INDUCED RESISTANCE TO 
ROCURONIUM IN MICE 

AUTHORS: S. Lee1, H. Yang2, Y. Kim3, J. Martyn4

AFFILIATION: 1Department of Anesthesiology and Pain 
Medicine, Sanggye Paik Hospital, Inje University, College of 
Medicine, Seoul, Korea, Republic of, 2Department of Anesthesiology 
and Pain Medicine, Asan Medical Center, College of Medicine, 
University of Ulsan, Seoul, Korea, Republic of, 3Department of 
Anesthesiology and Pain Medicine, Gachon University of Medicine 
and Science, Inchon, Korea, Republic of, 4Anesthesiology, Mass. 
Gen. Hosp., Boston, MA

INTRODUCTION: Resistance to the neuromuscular effects of 
non-depolarizing muscle relaxants (NDMR) has been reported 
following immobilization. During this pathologic state, immature 
W\SH���Į�ȕ�įȖ��DQG�QHXURQDO��Į��DFHW\OFKROLQH�UHFHSWRUV��$&K5V��
are re-expressed in peri- and extra-junctional areas1,2. These up-
regulated AChRs can potentially contribute to the resistance to 
1'05V�� ,Q� WKLV� VWXG\� XVLQJ� D� VSHFL¿F� DQWDJRQLVW� OLJDQG� WR� WKH�
Į�$&K5V��PHWK\OO\FDFRQLWLQH� �0/$��6LJPD��6W��/RXLV��02��DQG�
NDMR, rocuronium bromide sequentially, we tested the hypothesis 
WKDW�Į�$&K5V�DUH�WKH�FDXVH�RI�WKH�UHVLVWDQFH�WR�WKH�QHXURPXVFXODU�
HIIHFWV�RI�URFXURQLXP��7R�FRQ¿UP�WKLV�K\SRWKHVLV��ZH�SUHHPSWLYHO\�
EORFNHG�WKH�Į�$&K5V��DQG�WKHQ�WHVWHG�WKH�UHVSRQVH�WR�URFXURQLXP�
on the immobilized and contralateral side.

METHODS: After approval by the Institutional Animal Care and 
Use Committee, adult male, C57BL/6J, 25-30 g WT (n=13) mice 
were used. The ankle and knee joints were immobilized by insertion 
of sterile needles into the joint. The contralateral limb, by sham-
immobilization, served as control. At 14 days after immobilization, 
mice were anesthetized, tracheotomized and mechanically 
YHQWLODWHG��7KH� MXJXODU� YHLQ�ZDV� FDQQXODWHG� IRU� GUXJV� DQG� ÀXLGV��
The sciatic nerve on each side was exposed and stimulated; the 
resulting contraction of the tibialis anterior muscle on each side 
was recorded. Supramaximal electrical stimuli of 0.2 msec duration 
at 2 Hz for 2 sec (train-of-four) were applied every 30 sec. After 
stabilization of the twitch, MLA (2 ug/g) or saline followed by 
rocuronium were administered sequentially (MLA+Roc or Sal+Roc 
JURXSV��UHVSHFWLYHO\��XQWLO�������WZLWFK�GHSUHVVLRQ�RQ�ERWK�VLGHV��
The percent depression of T1 relative to baseline was transformed 
to logit scale and plotted against the logarithm of the cumulative 
dose by linear regression analysis to determine the effective dose 
of rocuronium for 50% and 95% twitch depression (ED50, ED95) 
on each side.

RESULTS: The weight of the mice were 28.7±5.3 g (n=13). 
7LELDOLV� DQG� JDVWURFQHPLXV� PXVFOH� PDVVHV� ZHUH� VLJQL¿FDQWO\�
(p<0.05) decreased on the immobilized compared to contralateral 
side (Table 1). The baseline tibialis twitch tension on the 
LPPRELOL]HG� ZDV� VLJQL¿FDQWO\� �S������� GHFUHDVHG� FRPSDUHG�
to that of the contralateral side (Table 1). The ED50 (0.40 ug/g, 
p=0.0014) and ED95 (0.46 ug/g, p=0.0003) of rocuronium on the 
LPPRELOL]HG� VLGH� LQ� WKH� 6DO�5RF� JURXS� �Q ��� ZDV� VLJQL¿FDQWO\�
increased (Table 1) compared to contralateral side (0.20 ug/g and 
0.23 ug/g, respectively). In the MLA+Roc group (n=7), the ED50 
DQG�('���VKRZHG�QR�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�LPPRELOL]HG�
and contralateral sides (Fig 1).

CONCLUSIONS: This study shows the muscle wasting (decreased 
tension) and resistance to rocuronium during immobilization for 14 
GD\V��7KH� SUHWUHDWPHQW� �EORFN�� RI� Į�$&K5V� E\�0/$�REOLWHUDWHG�
the immobilization-induced resistance to rocuronium in mice. 
:H� FRQFOXGH� Į�$&K5V� SOD\D� SLYRWDO� UROH� LQ� WKH� UHVLVWDQFH� WR�
rocuronium on the immobilized side.

REFERENCES:

1. Anesthesiology 1992; 76: 822-43.

2. Physiology 2003; 547: 169-79.

Table 1. † p<0.05 compared wiTh conTralaTeral side wiThin group.

mla+roc (n=7) sal+roc (n=6)

conTralaTeral immobilized conTralaTeral immobilized

baseline T1 (g) 15.3±2.3 12.8±2.3† 15.7±4.0 13.2±3.8†

specific T1 (g/mg/g) 9.79±2.7 10.68±2.3 8.73±1.0 10.62±3.3

Ta (mg/g) 1.59±0.3 1.30±0.2† 1.55±0.3 1.13±0.2†

so (mg/g) 0.32±0.1 0.33±0.1 0.28±0.0 0.36±0.1

gc (mg/g) 5.44±0.5 4.43±0.5† 5.03±1.1 3.91±0.8†

ed50 0.07 (0.06-0.07) 0.11 (0.11-0.12) 0.20 (0.20-0.21) 0.40 (0.39-0.40)†

ed95 0.08 (0.07-0.08) 0.13 (0.12-0.13) 0.23 (0.22-0.23) 0.46 (0.46-0.47)†
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ESTIMATED GFR AND AKI OUTCOME PREDICTION 
MODEL FOR POST CARDIAC SURGERY PATIENTS

AUTHORS: T. G. Seelhammer1, M. Engoren1, M. Maile1, 
E. Jewell1, M. Heung2, J. Haft3

AFFILIATION: 1Anesthesiology, University of Michigan, Ann 
Arbor, MI, 2Nephrology, University of Michigan, Ann Arbor, MI, 
3Cardiac Surgery, University of Michigan, Ann Arbor, MI

INTRODUCTION: Acute kidney injury (AKI) after cardiac 
surgery is common (incidence between 1-30%) and is associated 
with increased health care costs, longer intensive care unit stays, 
and a higher incidence of complications and mortality.1,2 Traditional 
criteria, such as RIFLE, AKIN, and KDIGO, rely on a rise in Cr 
to diagnose AKI. However, it takes several hours or longer for a 
FKDQJH�LQ�*)5�WR�EH�UHÀHFWHG�LQ�D�ULVH�LQ�&U��+HQFH��WKHVH�WUDGLWLRQDO�
criteria may be delayed in recognizing AKI.

A recent publication describes a “kinetic” estimated GFR (keGFR) 
equation relying on estimated Cr production rate and change in 
SODVPD�&U�ZLWK�FRUUHFWLRQV�IRU�ÀXLG�EDODQFH�FKDQJHV�3 The purpose 
of this study is to determine if keGFR predicts AKI staging criteria 
and mortality.

METHODS: This is a retrospective cohort study of adult patients 
who underwent cardiac surgery between Jan 4, 2006 and Jan 5, 
2012. Exclusion criteria were dialysis and missing baseline or 
postoperative Cr levels.

KeGFR calculated as:

.H*)5� �>�663&U�[�&U&O��0HDQ�3&U@�[�>��±����[ǻ3&U���ǻ7LPH�K�
[�0D[ǻ3&U�GD\�@

SSPCr = preoperative Cr, CrCl = preoperative Cr clearance by the 
MDRD formula4, MeanPCr = mean of preoperative and current Cr, 
ǻ3&U� �GLIIHUHQFH�EHWZHHQ�SUHRSHUDWLYH�DQG�FXUUHQW�&U��ǻ7LPH� �
WLPH�EHWZHHQ�&U��0D[ǻ3&U�GD\� �����PJ�/GD\�3

$.,�ZDV�GH¿QHG�DV�.',*2�VWDJH���RU�ZRUVH��FUHDWLQLQH�LQFUHDVHG�
by 50% or increased by > 0.3 mg/dL) by the third postoperative day. 
Death was within 30 days of surgery or in hospital if >30 days. Odds 
ratios were determined using logistic regression (SPSS 21.0).

RESULTS: 1207 of 4355 patients (28%) developed KDIGO stage 
1 or worse AKI with only 269 patients meeting KDIGO criteria 
IRU�$.,� RQ� WKH� ¿UVW� SRVWRS� FUHDWLQLQH� OHYHO�� 7KRVH� SDWLHQWV� ZKR�
developed AKI had a mean increase in creatinine of .08 + .29 
versus -.121 + .18 mg/dL for those who did not (p<.001) while the 
GFR decreased 4 + 11 versus an increase of 4 + 7 mL/min/1.73m2 

(p<.001). Change in keGFR had good discrimination in predicting 
AKI (c-statistic = .765 + 0.11). Using a cutoff value of decrease in 
keGFR by 5 ml/min/1.73m2 this method had a 90% sensitivity and 
����VSHFL¿FLW\�LQ�SUHGLFWLQJ�$.,�

Both the perioperative change in Cr and keGFR were found to 
provide good discrimination of AKI based on KDIGO criteria with 
an area under the ROC curve = 0.733 and 0.765 respectively. The 
odds ratio for the development of AKI for a 1 mg/dl increase in Cr 
 �����������FRQ¿GHQFH�LQWHUYDO����������S�������DQG�IRU�HDFK���PO�
PLQ�LQFUHDVH�LQ�NH*)5� ������������FRQ¿GHQFH�LQWHUYDO������������
p<.001). Using a combined metric of preop Cr and keGFR the area 
under the ROC curve for prediction of AKI was 0.800 + .008 (p = 
0.008) and death 0.806 + .008 (P = 0.008).

CONCLUSIONS: In a population of cardiac surgery patients, 
keGFR accurately predicts AKI, and the combination of keGFR 
and preoperative Cr has good discrimination in predicting death. 
)XWXUH�LQYHVWLJDWLRQV�ZRXOG�UH¿QH�WKH�NH*)5�HTXDWLRQ�WR�LPSURYH�
accuracy and diagnostic utility.

REFERENCES:

1. J Am Soc Nephrol 2005; 16: 3365-70

2. Clin J Am Soc Nephrol. 2006;1:19-32.

3. J Am Soc Nephrol 2013;24: SE 1-12

4. GFR MDRD calculator for adults. NKDEP. US: NIH.
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COMPLEMENT FACTOR B ACTS DOWNSTREAM OF 
TLR3 SIGNALING IN THE HEART IN A MOUSE MODEL OF 
POLYMICROBIAL SEPSIS

AUTHORS: L. Zou, Y. Feng, D. Li, J. Cai, W. Chao

AFFILIATION: Anesthesia, Critical Care and Pain Medicine, 
Massachusetts General Hospital, Harvard Medical Sc, Boston, MA

INTRODUCTION: Toll-like receptors (TLRs) and complements 
are two critical components of the host innate immune system. 
7/5��� RULJLQDOO\� LGHQWL¿HG� DV� D� VHQVRU� IRU� YLUDO�51$1 , can also 
recognize bacterial and host endogenous RNA2,3 and reportedly 
plays a role in bacterial sepsis contributing to septic cardiomyopathy 
and mortality2,4. However, the downstream mechanisms responsible 
for TLR3-mediated cardiac dysfunction is unclear. Complement 
factor B (cfB) is a necessary component of the alternative pathway 
of complement activation. We have recently demonstrated an 
important role for cfB in a mouse model of polymicrobial sepsis. 
+HUH��ZH� K\SRWKHVL]H� WKDW� FI%� LV� VSHFL¿FDOO\� UHJXODWHG� E\�7/5��
signlaing in the heart during polymicrobial sepsis.

METHODS:� %RQH� PDUURZ�GHULYHG� PDFURSKDJHV� ��ࢥ0� RU� UDW�
cardiomyocytes were stimulated with the TLR3 ligand, poly 
(I:C), or the TLR9 ligand, CpG. In vivo, WT and TLR3 KO mice 
ZHUH� LQMHFWHG� ZLWK� ���� ȝJ� RI� SRO\� �,�&�� L�S���$�PRXVH�PRGHO� RI�
polymicrobial sepsis was generated by cecal ligantion and puncture 
(CLP). Complement mRNA expression was assessed by qRT-PCR.

RESULTS: Poly (I:C) induced a robust cfB and moderate C3, but 
not C4 and C5, mRNA responses (cfB: 103 fold, C3: 22 fold, n=3, 
��3�����������3�������LQ�:7�0ࢥ��)LJ��$���7KH�HIIHFW�RI�SRO\��,�&��
ZDV�DOPRVW�DEROLVKHG�LQ�0ࢥ�GH¿FLHQW�RI�7/5���,Q�FDUGLRP\RF\WH�
cultures, poly (I:C), but not CpG, induced a marked increase in cfB 
JHQH��)LJ��%��Q �����3������YV��&RQ���3,&��SRO\��,�&���DQG�SURWHLQ�
expression (Fig. C) in both cells and culture media. Similar results 
ZHUH� REVHUYHG� LQ� FDUGLDF� ¿EUREODVWV� �)LJ��&��� ,Q� YLYR�� SRO\� �,�&��
DGPLQLVWUDWLRQ�VSHFL¿FDOO\�OHG�WR�D�PDUNHG�LQFUHDVH�LQ�FDUGLDF�FI%�
gene expression at 24 hours with a minimum effect on C3, C4 and 
&���)LJ��'��Q �����3���������3���������3��������3,&��SRO\�
(I:C)). Importantly, the increase in cardiac cfB is TLR3-depedenent 
as TLR3 deletion abolished the effect of poly (I:C) in vivo (Fig. D). 
0RUHRYHU��WKH�&/3�PRGHO�RI�SRO\PLFURELDO�VHSVLV�OHG�WR�D�VSHFL¿F�
cfB gene upregulation in the heart but had no impact on other 
FRPSOHPHQWV�WHVWHG��)LJ��(��Q �������3�������YV��6KDP���

CONCLUSIONS: We demonstrate that TLR3 activation leads to 
VSHFL¿F� FI%� H[SUHVVLRQ� LQ� FXOWXUHG� ��ࢥ0 FDUGLRP\RF\WHV� DQG� WKH�
KHDUW��7KLV�HIIHFW�VHHPV�VSHFL¿F�IRU�7/5��DV�7/5��DFWLYDWLRQ�IDLOV�
to induce cfB expression. In vivo, polymicrobial infection leads to 
VSHFL¿F�FDUGLDF�FI%�JHQH�H[SUHVVLRQ��7KHVH�GDWD� VXJJHVW� WKDW�FI%�
expression is controlled by TLR3 signaling during bacterial sepsis.

REFERENCES:

[1].Nature 2001; 413: 732-8, [2].J Exp Med. 2008; 205: 2609-21, 
[3].J Biol Chem. 2004; 279: 12542-50, [4].Crit Care Med. 2012; 
40: 2390-9



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-96

S-96.
ANESTHESIOLOGISTS’ PRACTICES IN CARING FOR 
PATIENTS WITH TRAUMATIC BRAIN INJURY DIFFERS 
FROM PUBLISHED GUIDELINES

AUTHORS: M. McCunn1, M. Vavilala2, R. Speck3, J. Pascual4,  
R. Dutton5

AFFILIATION:1Anesthesiology and Critical Care, University of 
Maryland Shock Trauma Center, Baltimore, MD, 2Anesthesiology 
and Pain Medicine, University of Washington, Seattle, WA, 
3Anesthesiology and Critical Care, University of Pennsylvania, 
Philadelphia, PA, 4Trauma Surgery and Critical Care, University 
of Pennsylvania, Philadelphia, PA, 5Anesthesiology, Anesthesia 
Quality Institute, Chicago, IL

OBJECTIVES: Early management of severe traumatic brain 
injury (TBI) correlates with outcome. The Brain Trauma Foundation 
and Advanced Trauma Life Support® recommend a target cerebral 
perfusion pressure of 50-70 mmHg, and hyperventilation only when 
signs of cerebral herniation occur. We sought to identify practice of 
anesthesiologists involved in the management of patients with TBI 
in the emergency department (ED) or operating room (OR).

METHODS: An investigator initiated 50-item survey was 
distributed by email to American Society of Anesthesiologists 
(ASA) attending members. Nine items questioned participants on 
preferred techniques, drug use, training, and resuscitation practices 
for patients with neurological injuries. We examined frequencies 
and percentages of responses cross tabulated with demographics.

RESULTS: Of 21,491 surveys, 2,058 ASA members responded 
that they care for trauma patients. 79% work in a designated trauma 
center (54.2% Level I). Ninety-four percent of respondents report 
that they are comfortable managing patients with multiple injuries; a 
third of survey respondents have been in practice for > 20 years. For 
patients with TBI, 58.7% of respondents use >70 mmHg as a cerebral 
perfusion pressure (CPP) goal, and 66.6% use hyperventilation 
therapy to decrease ICP in the absence of herniation. These 
responses were more common for those in practice > 20 years and 
proportions did not change if the cohort was restricted to those that 
ZHUH�$7/6�FHUWL¿HG�������

CONCLUSIONS: Whether the guidelines are not known, or are 
not followed by a majority of anesthesiologists caring for trauma 
patients remains unclear. There is a need for education and training 
of existing TBI guidelines.

REFERENCES: J Neurotrauma 24(Suppl 1):S1-S106, 2007. (2)
Committee on Trauma, American College of Surgeons (2012). 
ATLS: Advanced Trauma Life Support Program for Doctors (9th ed).
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PULMONARY AND CENTRAL VENOUS PRESSURES 
AS PROGNOSTIC INDICATORS OF POST LUNG 
TRANSPLANT OUTCOME

AUTHORS: K. Togashi

AFFILIATION:Anesthesiology and Pain Medicine, University of 
Washington, Seattle, WA

INTRODUCTION: Previous studies have assessed the correlation 
between the mean pulmonary arterial pressure (mPAP) and primary 
graft dysfunction (PGD) or mortality1-4, while another study reported 
an association with elevated central venous pressure (CVP)2,3. We 
hypothesized that not only the individual values of mPAP and CVP, 
but also the interaction of these parameters may have a prognostic 
value in post-operative outcomes of patients undergoing lung 
transplantation.

METHODS: Perioperative data of 81 patients undergoing lung 
transplantation at a university hospital was analyzed. The primary 
RXWFRPH� ZDV� ORZHVW� 32��)L2�� UDWLR� LQ� WKH� ¿UVW� ��� KRXUV� DIWHU�
admission to the ICU. Secondary endpoints were ventilation time, 
in-hospital mortality, length of ICU and hospital stay. We also 
GLFKRWRPL]HG�WKH�GDWD�E\�3�)�UDWLR�������RU�������WR�DVVHVV�RGGV�
UDWLRV��)LUVW��QHJDWLYH�LQÀXHQFH�RI�LQFUHDVHG�P3$3�RU�&93�RQ�WKH�
outcome variables was assessed. Second, assessed the negative 
impact of discordance of high or low mPAP and high or low CVP 
(discordance group; DG) compared to concordance of high or low 
mPAP and high or low CVP (concordance group; CG).

RESULT: For 1 mmHg increase in mPAP and CVP, the lowest 24 
hr P/F ratio decreased by 5.1 [95% CI 1.06, 9.12] and 8.48 [95% CI 
�����������@�UHVSHFWLYHO\��)LJXUH�����:KHQ�K\SR[LD�ZDV�GH¿QHG�DV�
ORZHVW�3�)�UDWLR�������LQ�WKH�¿UVW����KUV�DIWHU�DGPLVVLRQ����PP+J�
increase in mPAP was associated with higher odds of developing 
hypoxia [OR 1.12; 95%CI 1.02, 1.23]. There was also a tendency 
towards higher risk of developing hypoxia in the DG [OR 1.52; 95% 
&,� ����� ���@��7KHUH�ZDV� VLJQL¿FDQW� DVVRFLDWLRQ� EHWZHHQ� ��PP+J�
increase in mPAP and prolonged mechanical ventilation (>27hrs) 
>25����������&,�����������@��,&8�/26�ZDV�VLJQL¿FDQWO\�H[WHQGHG�
(>5 days) for 1 mmHg increase in both mPAP and CVP ([OR1.19 
;95% CI 1.06, 1.33] and [OR1.19;95% CI 1.04, 1.37] respectively). 
7KHUH�ZDV� DOVR� D� VLJQL¿FDQW�GLIIHUHQFH� LQ� ,&8�/26�EHWZHHQ�'*�
vs. CG (OR 6.95 [95% CI 1.37, 35.23]). There was a trend towards 
increase in odds of extended hospital LOS between DG vs. CG [OR 
3.63; 95% CI 0.84, 15,71].

CONCLUSION: Post-operative mPAP, CVP as well as the 
interaction between these two values may have prognostic values in 
patients undergoing lung transplantation.

REFERENCE:

1. Whelan, T.P., et al., Effect of preoperative pulmonary artery 
pressure on early survival after lung transplantation for idiopathic 
SXOPRQDU\� ¿EURVLV�� -� +HDUW� /XQJ� 7UDQVSODQW�� ������ ������� S��
1269-74.

2. Fang, A., et al., Elevated pulmonary artery pressure is a risk factor 
for primary graft dysfunction following lung transplantation for 
LGLRSDWKLF�SXOPRQDU\�¿EURVLV��&KHVW����������������S��������

3. Pilcher, D.V., et al., High central venous pressure is associated 
with prolonged mechanical ventilation and increased mortality 
after lung transplantation. J Thorac Cardiovasc Surg, 2005. 
129(4): p. 912-8.

4. Chan, C.M. and A.F. Shorr, The pulmonary arteries, idiopathic 
SXOPRQDU\� ¿EURVLV�� DQG� OXQJ� WUDQVSODQWDWLRQ�� GHFLSKHULQJ� WKH�
connection. Chest, 2011. 139(4): p. 741-3.
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ACUTE INCREASE IN HYDROSTATIC PRESSURE 
STIMULATES THE ENDOCYTOSIS OF ALBUMIN 
AND PHOSPHORYLATION OF CAV-1 IN LUNG 
MICROVASCULAR ENDOTHELIAL CELLS AND CHRONIC 
HEART FAILURE MICE: IMPLICATIONS FOR PRESSURE-
INDUCED PULMONARY EDEMA. 

AUTHORS: R. O. Dull1, A. Isbatan1, R. Minshall2

AFFILIATION: 1Anesthesiology, University of Illinois at Chicago, 
Chicago, IL, 2Pharmacology, University of Illinois at Chicago, 
Chicago, IL

INTRODUCTION: Lung vascular mechanotransduction, activate 
by elevated hydrostatic pressure, results in endothelial hyper-
permeability to water1,2. This pathway involves heparan sulfate-
dependent NO synthase activation and results in rapid NO-mediated 
loss of junctional VE-cadherin, contributing to increased paracellular 
water conductance. Heparanase III and L-NAME attenuate the 
increase in water permeability by approximately 75%, suggesting 
that an additional pressure-dependent mechanism is responsible for 
the remaining increase in permeability. We tested the hypothesis 
that hydrostatic pressure also increases caveolae-mediated albumin 
transport, and that this contributes to vascular hyperpermeability.

METHODS: Rat and human lung microvascular endothelial 
cells (RLMVEC, HLMVEC) were cultured for 5 days on 47 mm 
GLDPHWHU�SRO\FDUERQDWH�¿OWHUV�WUHDWHG�ZLWK�JHODWLQ�DQG�¿EURQHFWLQ��
Monolayers were exposed to an acute increase in hydrostatic 
pressure of 30 cm H2O for 5 min. The effect of heparanase III (15 
mU/ml x 30 min) and media albumin concentration on endocytosis 
was assessed in control vs. pressure-treated RLMVEC for their 
effect on endocytosis. Western blots of cell lysates were probed 
for caveolin-1 (cav-1), pTyr14-cav-1, eNOS, pSer1177-eNOS and 
albumin; all protein bands were normalized to GAPDH. To assess 
effects of chronically elevated pulmonary vascular pressure on 
indices of transcytosis, mice (C57/BL6) underwent aortic banding 
(AoB), which resulted in the development of chronic heart failure 
after 10 weeks. Lungs were harvested, homogenized and subjected 
to western blot as described above to assess lung albumin content 
and syndecan-1 expression.

RESULTS: RLMVEC and HLMVEC exposed to pressure (30 
cm H2O) for 5 min had a 10 to 20-fold increase in internalized 
albumin relative to controls (zero pressure); sample sizes were 3-5 
monolayers for all groups. Albumin uptake was directly proportional 
to the media albumin concentration over the range of 0.0, 0.1 and 
1.0 gr/dl. Heparanase III for 30 min increased the endocytosis of 
albumin. Pressure for 5 min increased pTyr14-cav-1 by 2.3-fold and 
increased pSer1177-eNOS 10-fold relative to control monolayers. 
Ao-banded mice lungs had a 2.3-fold increase in lung tissue albumin 
content relative to non-banded mice lungs whereas syndecan-1 was 
reduced in Ao-banded mouse lungs.

CONCLUSIONS: Acute increases in hydrostatic pressure rapidly 
increased the endocytosis of albumin in RLMVEC and HLMVEC, 
which was associated with an increase in pTyr14-cav-1 and 
pSer1177-eNOS. Albumin endocytosis was enhanced by heparanase 
despite the fact that heparanase reduced pressure-induced pSer1177-
eNOS. Mice with chronic heart failure induced by Ao-banding also 
exhibited increased lung tissue albumin levels. Increased albumin 
transport into the lung interstitial space, and subsequent increase 
LQ� ¿OWUDWLRQ� SUHVVXUH�� PD\� EH� DQRWKHU� SDWKRORJLFDO� PHFKDQLVP�
accounting for pressure-induced pulmonary edema2,3.

REFERENCES:

1. Am J Physiol, Lung (2007):292(6):1452-1458.

2. Am J Phsyiol, Lung (2012): 302(9):816-828.

3. Circ Res (2009): 105(7):676-685.
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MINOCYCLINE FAILS TO IMPROVE NEUROLOGIC 
AND HISTOLOGIC OUTCOME AFTER VENTRICULAR 
FIBRILLATION CARDIAC ARREST IN RATS

AUTHORS: T. Drabek1, I. A. Magnet2, K. L. Schreiber1, C. D. 
Wilson1, J. P. Stezoski3, P. Kochanek1, A. Janata4

AFFILIATION:1Anesthesiology, University of Pittsburgh, 
Pittsburgh, PA, 2Emergeny Medicine, Medical University of Vienna, 
Vienna, Austria, 3CCM, University of Pittsburgh, Pittsburgh, PA, 
4Critical Care Medicine, University of Pittsburgh, Pittsburgh, PA

INTRODUCTION: Neuro-cognitive disabilities are a well-
recognized complication of cardiac arrest (CA). We1,2 and others 3,4 
have reported that prolonged CA produces extensive neuronal death 
and microglial proliferation and activation. Among other potential 
mechanisms, microglia have been implicated as triggers of neuronal 
death and cerebral edema after insults to the CNS. Minocycline is 
neuroprotective in some brain ischemia models including CA, 3-5 in 
part by blunting the microglial response,4 or by a direct effect on 
neurons.6 We tested the hypothesis that minocycline would improve 
VXUYLYDO��DV�ZHOO�DV�DWWHQXDWH�QHXURORJLF�GH¿FLWV��QHXURLQÀDPPDWLRQ��
and histological damage, in our established model of ventricular 
¿EULOODWLRQ��9)��&$�LQ�DGXOW�UDWV�

METHODS:�$GXOW�PDOH�LVRÀXUDQH�DQHVWKHWL]HG�UDWV�ZHUH�VXEMHFWHG�
to 6 min VF CA followed by 2 min resuscitation including chest 
FRPSUHVVLRQ�� HSLQHSKULQH�� ELFDUERQDWH�� DQG� GH¿EULOODWLRQ�� $IWHU�
return of spontaneous circulation (ROSC), rats were randomized 
to two groups: 1) minocycline (M) 90 mg/kg ip at 15 min ROSC; 
22.5 mg/kg i.p. q 12 h for 72 h; 2) controls (C), receiving the same 
volume of vehicle. The rats were kept normothermic during the 
postoperative course. Neurologic injury was assessed daily using 
Overall Performance Category (OPC; 1= normal, 5=dead) and 
1HXURORJLF�'H¿FLW�6FRUH��1'6���� QRUPDO������� �GHDG���5DWV�
ZHUH�VDFUL¿FHG�DW����K��1HXURQDO�ORVV��)OXRUR�-DGH�%�VWDLQLQJ��DQG�
PLFURJOLD�SUROLIHUDWLRQ��DQWL�,ED���VWDLQLQJ��ZHUH�TXDQWL¿HG�LQ�WKUHH�
selectively vulnerable brain regions (hippocampus, HIP; striatum, 
STRI; cerebellum, CEREB) by three independent reviewers masked 
to the group assignment.

RESULTS: In the M group, 7 out of 13 rats survived to 72 h 
compared to 8 out of 20 rats in the C group (p=NS). Degree of 
neurologic injury (OPC) was not different between groups (Fig 1). 
Neurological outcome was not different between all studied rats 
(Fig 2) or survivors (Fig 3). Number of degenerating neurons or 
proliferating microglia was not different between groups in any 
region (Fig 4). Numerically, there were ~ 20% less degenerating 
neurons and proliferating microglia in HIP and STRI in 
the minocycline group, with considerable variability in the 
histological damage.

CONCLUSION: Minocycline did not improve survival and failed 
WR� FRQIHU� VXEVWDQWLDO� EHQH¿WV� RQ� QHXURORJLF� LQMXU\�� QHXURQDO� ORVV�
or microglial proliferation in multiple brain regions in our model 
of rat VF CA. The relative lack of effect of minocycline in this 
normothermic VF CA model is in line with our prior results from deep 
hypothermic CA,2 and further corroborated by others in asphyxial 
CA in adult rats.3 In contrast, minocycline has previously showed 
EHQH¿WV� LQ� LPPDWXUH� UDWV� VXEMHFWHG� WR� DVSK\[LDO� &$�5 suggesting 
VLJQL¿FDQW�DJH�GHSHQGHQW�GLIIHUHQFHV�LQ�QHXURLQÀDPPDWLRQ�DIWHU�&$

1) Crit Care Med. 2013 Sep;41(9):e211-22

2) Anesth Analg. 2009 Sep;109(3):914-23

3) Resuscitation. 2011 Mar;82(3):341-9

4) Stroke. 2009 Nov;40(11):3601-3607

5) J Cereb Blood Flow Metab. 2010 Jan;30(1):119-29

6) Resuscitation, in press; 10.1016/j.resuscitation.2013.10.015
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LIBERAL INTRAOPERATIVE FLUID RESUSCITATION IS 
ASSOCIATED WITH REINTUBATION AND UNPLANNED 
MECHANICAL VENTILATION ON THE INTENSIVE CARE 
UNIT

AUTHORS: D. J. McLean1, A. I. Igumenshcheva1, T. Nimeh1, 
K. S. Ladha1, J. P. Wanderer2, T. Kurth3, M. Eikermann1

AFFILIATION:1Anesthesia, Critical Care and Pain Medicine, 
Massachusetts General Hospital, Boston, MA, 2Anesthesia, 
Vanderbilt University, Nashville, TN, 3Inserm, French National 
Institute of Health and Medical Research, Bordeaux, France

INTRODUCTION: Adverse respiratory outcomes are the most 
common non-surgical complications following surgery1. This results 
LQ�ORQJHU�KRVSLWDO�VWD\V��LQFUHDVHG�PRUELGLW\��PRUWDOLW\��DQG�¿QDQFLDO�
costs2. Unplanned reintubation within 72 hours of postoperative 
extubation is an accepted marker of respiratory compromise1. Liberal 
ÀXLG� UHJLPHV� KDYH� EHHQ� DVVRFLDWHG� ZLWK� LPSURYHG� RXWFRPHV� IRU�
pain and nausea in healthy patients for routine surgeries3. However 
in thoracic surgery, restrictive regimes are associated with fewer 
postoperative respiratory complications4. No large, well-controlled 
VWXGLHV�KDYH�IRFXVHG�RQ�WKH�DVVRFLDWLRQ�EHWZHHQ�LQWUDRSHUDWLYH�ÀXLG�
management and adverse respiratory outcomes.

2XU� SULPDU\� K\SRWKHVLV� LV� WKDW� OLEHUDO� LQWUDRSHUDWLYH� ÀXLG� XVH� LV�
associated with unplanned reintubation and ventilation on the 
,&8��2XU� VHFRQGDU\� K\SRWKHVLV� LV� WKDW� OLEHUDO� LQWUDRSHUDWLYH�ÀXLG�
resuscitation is associated with postoperative respiratory failure, 
pulmonary edema, pneumonia and post-extubation O2 desaturation.

METHODS: Prospective analysis of electronic patient data from 
patients who underwent surgery under general anesthesia between 
January 2007 and November 2012. Pre-, intra- and postoperative 
data was integrated from the Anesthesia Information Management 
System and the hospital’s billing database. We included 90,993 

patients aged 18 and up who were extubated at the end of the case. 
:H� HYDOXDWHG� WKH� HIIHFWV� RI� LQWUDRSHUDWLYH� ÀXLGV� DGPLQLVWHUHG�
(crystalloids and colloids, weighted by effectiveness, categorized 
by quartiles). The primary outcome was unplanned reintubation 
leading to mechanical ventilation on the ICU within 72 hours after 
surgery. Secondary outcomes were respiratory failure, pulmonary 
edema and pneumonia within 72 hours after surgery, and post-
extubation O2 desaturation <90%. We controlled for age, gender, 
BMI, procedure length, ASA score, Charlson Comorbidity Index, 
SPORC score1, depth of anesthesia, neuromuscular blocker use, 
median vasopressor dose/hour, opioid dose, surgical service, 
admission type and blood products.

RESULTS:� /LEHUDO� �XSSHU� TXDUWLOH�� ÀXLG� UHVXVFLWDWLRQ� ZDV�
associated with reintubation and ventilation on the ICU (OR 2.43, 
[CI 1.53-3.86]), postoperative respiratory failure (OR 2.26, [CI 1.79-
2.85]), pulmonary edema (OR 1.76, [CI 1.50-2.06]), pneumonia 
(OR 1.54, [CI 1.17-2.04]), ICU admission (OR 2.80, [CI 2.37-3.31]) 
and post-extubation desaturation<90% (OR 1.21, [CI 1.10-1.34]). 
7KH�HIIHFW�RI�OLEHUDO�ÀXLG�YROXPHV��PHGLDQ�����/�>����������/@��RQ�
the likelihood of reintubation and mechanical ventilation was higher 
in low-risk patients (ASA risk score 1+2 vs >2), (OR 3.77 [CI 1.27-
11.16], vs 2.12[CI 1.25-3.60]).

CONCLUSIONS� /LEHUDO� ÀXLG� UHVXVFLWDWLRQ� GXULQJ� VXUJHU\� LV�
associated with unplanned reintubation and mechanical ventilation 
on the ICU. Exploratory analysis suggests that this association is of 
particular importance in low risk patients (ASA score 1+2).

REFERENCES:
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S-101.
THE IMPACT OF A FLIPPED CLASSROOM ON INTERN 
WELLNESS AND BURNOUT: A PILOT STUDY

AUTHORS: L. Wen, E. Ratner, K. Harrison, L. Chu, E. Mariano, 
S. Roberts, A. Udani

AFFILIATION: Department of Anesthesiology, Pain and 
Perioperative Medicine, Stanford Hospital and Clinics, Palo Alto, CA

INTRODUCTION: The incidence of intern burnout approaches 
75%1. Recognizing the issue of intern burnout has developed 
wellness programs that increase self-reported well-being2.

ImPRINT, a yearlong blended curriculum for interns matriculating 
into anesthesiology residency includes monthly courses based on 
WKH�³ÀLSSHG�FODVVURRP�´�$VVLJQHG�GLGDFWLFV�DUH�YLHZHG�IURP�KRPH��
and classroom time is reserved for interactive discussions, part task 
training, and case simulations. We hypothesized that such a course 
would promote intern wellness.

METHODS: After IRB approval, all anesthesiology interns were 
LQYLWHG� WR� SDUWLFLSDWH�� $� PRGL¿HG� 0HVODFK� %XUQRXW� ,QYHQWRU\�
�0%,�� ZDV� FRPSOHWHG� LQ� WKH� ¿UVW� DQG� ODVW� PRQWKV� RI� LQWHUQVKLS��
Additionally, for each module, responses to the following statement 
ZHUH�UHFRUGHG��³:H�GH¿QH�ZHOOEHLQJ�DV�D�VHQVH�RI�ZKROHQHVV�DQG�
balance (of mind, body, and spirit) that creates an inner resilience 
to meet the challenges of living without being overwhelmed. On 
a scale of 1 to 100, please score your wellbeing at this particular 
moment: 100 being the most and 1 being the least.”

Our primary hypothesis is that higher rates of burnout would be 
present at the end of intern year and that participation in ImPRINT 
would be a protective factor. For the primary outcome, we case 
matched students by gender and age. Our secondary hypothesis 
is that participation in the monthly modules would promote an 
improvement in reported well-being through facilitating a sense 
of community. Normality of distribution was determined using the 
Kolmogorov-Smirnov test. Primary outcome data were normally 
distributed and were compared using Student’s t test. Secondary 
outcome data, pre- and post- scores for each module were compared 
using repeated measures ANOVA with post-hoc Tukey-Kramer 
multiple comparisons testing. A two-side p<0.05 was considered 
VWDWLVWLFDOO\�VLJQL¿FDQW�IRU�DOO�DQDO\VHV�

RESULTS: All 22 anesthesia interns were enrolled. For the 
primary outcome, a control group of 5 interns did not participate in 
ImPRINT (group 1) and were case-matched to the interns that did 
participate in ImPRINT (group 2).

PRIMARY OUTCOME:�0HDQ>6'@� VFRUH� RQ�PRGL¿HG�0%,� RI�
2.2[2.9] vs. 2.8[2.8] for groups 1 and 2, respectively (p=0.749).

SECONDARY OUTCOME: Within module pre- vs. post- scores 
ZHUH�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW�

Post-hoc power calculation revealed that the sample size of 5 
subjects per group had 6% power to detect the 0.6 difference 
EHWZHHQ�PHDQV�DW�D������VLJQL¿FDQFH�OHYHO��DQG�D�VDPSOH�VL]H�RI����
per group would have been required to achieve 80% power.

CONCLUSIONS: Based on this pilot study, a blended learning 
FXUULFXOXP� GLG� QRW� VKRZ� D� VLJQL¿FDQW� LPSDFW� RQ� LQWHUQ� ZHOOQHVV�
or burnout. Scores greater than 4 on the MBI suggest a high risk 
of burnout and the rationale for our post-hoc power calculation. In 
theory, utilizing classroom time for interactive learning activities 
promotes socializing and peer-to-peer support. Future research 
should focus on a multi-center prospective study to further elucidate 
of the impact of blended learning on physician wellness.

REFERENCES:

1.Ripp. Acad Med, 2011.

2.Shapiro. Acad Med, 2000.

S-102.
LESS FRESH IS MORE GREEN

AUTHORS: P. Upadya, S. Shah, S. Dadaian, S. Shodhan, E. 
Cooper, G. M. Sesana

AFFILIATION: Anesthesiology, St. Joseph’s Regional Medical 
Center, Paterson, NJ

INTRODUCTION:�/RZ�ÀRZ�DQHVWKHVLD��DV�GH¿QHG�E\�IUHVK�JDV�
ÀRZ� WRWDOLQJ� ��/�PLQXWH�� KDV� EHHQ� VKRZQ� WR� KDYH� EHQH¿WV� WR� WKH�
patient and the environment. Reductions in waste and expenditure on 
volatile anesthetics has also been shown. The purpose of this study 
was to assess average usage at our institution, consider it’s potential 
role in the Perioperative Surgical Home Model and reinforce the 
EHQH¿WV�RI�XVLQJ�ORZ�ÀRZ�DQHVWKHVLD�ZLWK�DQHVWKHVLD�SURYLGHUV�

METHODS:� )UHVK� JDV� ÀRZ� UDWHV� DQG� YRODWLOH� DQHVWKHWLF�
concentrations were observed over a six month period by residents 
and trained medical students. Cases that were recorded during 
induction and emergence were excluded to more accurately 
approximate usage during the maintenance phase of anesthesia. 
%DVHG� RQ� WKH� DYHUDJH�ÀRZ� UDWHV� REWDLQHG�� WKH� DPRXQW� RI� YRODWLOH�
agent wasted, by exceeding the threshold of 1 L/minute fresh gas 
ÀRZ��ZDV�GHWHUPLQHG�

RESULTS: As a result of studying 156 cases, the average 
FRQFHQWUDWLRQ�RI�VHYRÀXUDQH�DQG�GHVÀXUDQH�ZHUH�������DQG��������
UHVSHFWLYHO\��7KH�DYHUDJH�IUHVK�JDV�ÀRZ�UDWH�XVHG�LQ�WKH�REVHUYHG�
cases was 3.09 L/minute. The results of this study, along with the 
EHQH¿WV�RI�XVLQJ�ORZ�IUHVK�JDV�ÀRZ�DQHVWKHVLD��ZHUH�SUHVHQWHG�WR�
the institution’s anesthesiologists, residents and medical students.

DISCUSSION:�,PSOHPHQWLQJ�D�SUDFWLFH�RI�ORZ�IUHVK�JDV�ÀRZ�UDWHV�
FRXOG�UHGXFH�YRODWLOH�DQHVWKHWLF�DJHQW�XVDJH�VLJQL¿FDQWO\��6LPSO\�E\�
UHGXFLQJ�IUHVK�JDV�ÀRZ�UDWHV�WR���/�PLQ��YRODWLOH�DJHQW�XVDJH�FRXOG�
be reduced by up to 66% at this institution. A second set of data will 
be recorded to assess the extent of the initial educational effort. In 
considering the advent of the Perioperative Surgical Home Model, 
VLPSOH�SURSRVDOV� VXFK�DV� ORZ� IUHVK�JDV�ÀRZ� UDWHV� OHDGLQJ� WR�FRVW�
reduction could, in fact, help leverage Anesthesiology Departments 
IRU� IXWXUH� LQLWLDWLYHV�� 7KLV� VWXG\� FKDOOHQJHV� WKH� ¿HOG� WR� LQFUHDVH�
WKH�IUHTXHQF\�ZLWK�ZKLFK�ORZ�IUHVK�JDV�ÀRZ�UDWHV�DUH�XVHG��8VDJH�
RI� ORZ� IUHVK�JDV�ÀRZ� LV� D� VLPSOH�ZD\� IRU�SK\VLFLDQV� WR� FRQVHUYH�
resources, help the environment and enhance patient care.
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S-103.
RELATED FACTORS FOR MECHANICAL 
COMPLICATIONS IN ULTRASOUND GUIDED CENTRAL 
VENOUS CATHETERIZATION

AUTHORS: T. Yorozu1, Y. Shiokawa2, K. Moriyama3, Y. Azuma1

AFFILIATION:1Anesthesiology, Kyorin Universiy, School of 
Medicine, Tokyo, Japan, 2Neurosurgery, Kyorin Universiy, School, 
Tokyo, Japan, 3Anesthesiology, Kyorin University, School of 
Medicine, Tokyo, Japan

INTRODUCTION: Contrary to our expectations regarding 
HI¿FDF\�RI�XOWUDVRXQG�JXLGHG�FHQWUDO�YHQRXV�FDWKHWHUL]DWLRQ��&9&���
mechanical complications increased using ultrasound devices in 
our hospital1��%DVHG�RQ�RXU�¿QGLQJV��ZH� UHFRPPHQG� WKDW� GRFWRUV�
in our hospital utilize ultrasound devices for vascular visualization 
followed by conventional landmark technique, and utilize real time 
ultrasound guidance only following adequate training. In this study, 
we focused on the differences in mechanical complications between 
WKHVH� WZR� WHFKQLTXHV� DQG� LQYHVWLJDWHG� WKH� HI¿FDF\� RI� XOWUDVRXQG�
guided CVC. The purpose of this study was to elucidate the principal 
factors underlying mechanical complications in two techniques 
in CVC; real time ultrasound guidance (Dynamic method; Dm) 
and ultrasound vascular visualization followed by conventional 
landmark technique (Static method; Sm).

METHODS: This retrospective, observational study was 
approved by the ethical committee in our university. Observational 
records of CVC over a period of 10 months, which were mandatory 
and submitted to our safety department, were examined. Factors 
analyzed were insertion sites, level of doctor according to CVC 
clinical experience, and risk factors. Comparison of mechanical 
complications between Dm and Sm were analyzed using Chi 
square tests.

Table Comparison of mechanical complication rates between Dm and Sm

Dm
(dynamic methods)

Sm
(static methods) P value

Insertion sites
IJV 2.1% (4/194) 2.6% (5/191) 0.7

SCV 22.2% (2/9) 0% (0/4) 0.3

FV 4.7% (2/43) 0.5% (1/190) 0.03

Level of doctors
JR 7.1% (2/28) 1.4% (2/146) 0.06

SD 2.9% (3/103) 0.8% (1/122) 0.2

INS 2.8% (3/108) 2.1% (2/97) 0.7

Risk factors
Yes 0% (0/69) 3.8% (3/78) 0.1

No 4.8% (9/187) 1.0% (3/314) 0.02

The number in the parenthesis shows the number of patients. Dm: dynamic methods; real time 
ultrasound guidance, Sm: static methods; vascular visualization using ultrasound devices followed 
by landmark technique, IJV: internal jugular vein, SCV: subclavian vein, FV: femoral vein; JR: junior 
residents less than two year clinical experience, SD: senior doctors more than three year clinical 
H[SHULHQFH��,16��LQVWUXFWRUV�PRUH�WKDQ�¿YH�\HDU�H[SHULHQFH�DQG�FHUWL¿HG�DV�LQVWUXFWRUV�LQ�&9&�

RESULTS: A total of 788 observation records were analyzed. Cases 
of CVC with Dm, Sm and without ultrasound devices were 255, 392 
and 141, respectively. Total mechanical complication rates were 3.5, 
1.5 and 0%, respectively. Comparison of mechanical complication 
rates between Dm and Sm are shown in the Table. A greater number 
of mechanical complications occurred in Dm compared to Sm with 
puncture sites of femoral vein and with patients that exhibited no 
risk factors (p<0.05). A greater number of complications tended to 
occur when doctors with less experience utilized Dm compared to 
Sm (p=0.06).

CONCLUSION: When real time ultrasound guidance is applied 
in CVC, precautions should be taken, even for patients with no risk 
factors. Real time ultrasound guided CVC in internal jugular vein 
may be performed safely compared to femoral vein. Therefore, 
visualization followed by conventional method is recommended 
for femoral approach, unless the operator is well trained with 
ultrasound devices, in accordance with National Institute for Health 
and Clinical Excellence (NICE) guidance in the UK.

REFERENCE:

1) Anesth&Analg 110: S206, 2010
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S-104.
ANALYSIS OF PATIENT PREFERENCES FOR DIFFERENT 
TYPES OF PREOPERATIVE ORAL REHYDRATION 
THERAPY PRODUCTS

AUTHORS: Y. Matsuoka

AFFILIATION: Anesthesiology, West NTT Corporation Osaka 
Hospital, Osaka, Japan

INTRODUCTION: Since 2012, when local preoperative fasting 
guidelines were established by a professional body, medical 
policy in our country has favored extending the period of clear 
ÀXLG�FRQVXPSWLRQ�E\�SDWLHQWV��0DQ\�KRVSLWDOV�QRZ�DOVR�URXWLQHO\�
administer preoperative oral rehydration solution (ORS) during oral 
rehydration therapy (ORT). While the safety, effectiveness, and 
cost of liquid and gel ORS products have been well studied, little 
is known about patient preference. Obviously, understanding this 
would ease administration of ORT.

METHODS: In our hospital, on the evening before surgery, 
LQIRUPHG�RI�WKH�VLJQL¿FDQFH�RI�SUHRSHUDWLYH�257�DQG�HQFRXUDJHG�
to consume as much as they are comfortable with, each preoperative 
patient weighing over 20 kg is routinely given one 500 ml bottle 
of liquid and one 200 g pouch of gel. Our hospital provides 
only OS-1® (Otsuka Pharmaceutical Factory, Inc.) products for 
SUHRSHUDWLYH� 257�� 2I¿FLDOO\� DSSURYHG� E\� WKH� &RQVXPHU�$IIDLUV�
Agency as a ‘Food for special dietary uses’, OS-1® also conforms 
to formulation values recommended for ORS by the American 
Academy of Pediatrics. Homogenous without shaking, both product 
types have the same nutritional and electrolyte composition and the 
VDPH�VSHFL¿F�JUDYLW\���������'XULQJ�WKH�VWXG\�SHULRG��6HS��������WR�
Dec. 2013), before patients were taken for surgery, we collected the 
bottles and pouches that had been left with them the night before. 
After weighing remnants of liquid and gel to ascertain the amounts 
consumed, we analyzed the data.

RESULTS: Preoperative ORT was indicated for 321/403 surgical 
patients (79.7%; mean age, 43 years; otolaryngological/dental 
cases, 158/163; male/female cases, 161/160; average liquid/gel 
LQWDNH����������J���:H�IRXQG�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�
in consumption related to surgery type, or sex, or season. Patients 
���� \HDUV� �Q�  � ����� KRZHYHU�� FRQVXPHG� VWDWLVWLFDOO\� VLJQL¿FDQWO\�
more gel (average, 168 g) and less liquid (156 g) than patients 
����\HDUV��Q� ������JHO�����J��OLTXLG������J��ERWK�3���������0DQQ�
Whitney U-test).

CONCLUSIONS: Patients <20 years consumed more gel and less 
OLTXLG�WKDQ�SDWLHQWV�����\HDUV�

DISCUSSION:�$OWKRXJK�SDWLHQWV�DUH�LQIRUPHG�RI�WKH�VLJQL¿FDQFH�
of preoperative ORT and actively encouraged to consume it, they 
are not forced to consume the total amount. While preoperative 
ORT reduces patient discomfort and improves physical condition; 
forceful administration may cause stress and negate the 
positive effect. Striving to ensure optimal intake for appropriate 
replenishment of water and electrolyte levels, we need to match 
provision to patient preference.

REFERENCES:
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S-105.
INTRODUCTION OF 2ND SIMULATION SESSION 
DURING 3RD YEAR UNDERGRADUATE ANAESTHESIA 
CORE ROTATION- “EXIT SIMULATION”

AUTHORS: A. Sarmah1, S. DeSousa2, A. Ryzynski2, F. Alam1,  
M. Choi1, V. Percival1, I. Devito3

AFFILIATION: 1Anesthesiology, Sunnybrook Health Sciences 
Centre, Toronto, ON, Canada, 2Sunnybrook Canadian Simulation 
Centre, Sunnybrook Health Sciences Centre, Toronto, ON, Canada, 
3Anesthesiology, Mount Sinai Hospital, Toronto, ON, Canada

INTRODUCTION: All 3rd year medical students rotate through 
the Simulation centre on day 2 of core Anesthesiology. Every year, 
learner feedback has highlighted the wish for “more simulation”. 
Core seminars prohibited time available until our recent adoption of 
the Flipped Classroom.

METHODS: All core seminars were converted to interactive 
H�PRGXOHV�WKHUHE\�IUHHLQJ�XS�DQ�H[WUD�KDOI�GD\��$V�WKH�¿UVW�VLPXODWLRQ�
day occurred early on in the rotation, it was felt that the second 
session should be an “Exit Sim”. This would serve 2 purposes- to 
consolidate learning objectives of the rotation and as a revision aid 
IRU�¿QDO�H[DPLQDWLRQ��&RXUVH�REMHFWLYHV�ZHUH�PDSSHG�IRU�FOLQLFDO�
areas where Anesthesiologists care for patients ie. Preoperative, 
Intraoperative and Postoperative scenarios.

The Undergraduate working party consisted of Simulation 
coordinators, Anesthesiology Residents, Staff and Simulation 
Fellows. Presentation of original work1, participation at international 
simulation conferences, plus medical literature review lead to the 
following innovative educational tools.

During the preoperative scenario, risk analysis and critical thinking 
were incorporated. In 2 subgroups the students performed real 
time preoperative assessment of a Standardized Patient. After 
collaboration and communication the teams had to come to 
management consensus.

In the Intraoperative scenario, Mental practice was introduced2. 
5ROHV�ZHUH� DVVLJQHG� WR� UHÀHFW� D�ZRUNLQJ� RSHUDWLQJ� URRP� DGGLQJ�
physical barriers to communication, increased cognitive load 
eg.suturing “s”s , surgical drapes, attire and surgical safety checklist.

Postoperatively we utilized SAGAT stops- Situational Awareness 
Group Awareness Technique to provide perceptual and cognitive 
feedback.3

Teams were scored throughout to introduce healthy competition.

RESULTS: Initial learner feedback is categorized by each scenario.
3UHRSHUDWLYH� “Very realistic patient and co-morbidities”, “Great to 
have the opportunity to think through the patient plan on our own”. 
“I liked the complexity of the case, it incorporated a number of 
important anesthetic considerations”

,QWUDRSHUDWLYH�� ³*RRG� DW� JLYLQJ� ¿UVW�KDQG� ORRN� DW� LQWUD�RS�
communication. I will certainly remember some valuable lessons 
from this scenario”. “The visualization before the simulation was 
helpful”. “I really enjoyed thinking through the case before it started, 
I will use this technique in the future”. “Scenario demonstrated the 
importance of inter-team communication well”. “Reinforced what 
we have seen throughout the rotation”.

3RVWRSHUDWLYH�� ³7DXJKW� PH� WR� DYRLG� ¿[DWLQJ� RQ� D� SUREOHP�
maintaining the big picture”. “Reinforced the learning done 
throughout”. “This highlighted many good learning points”.

CONCLUSION: We are excited about the launch of our new

Undergraduate Anesthesia curriculum after our initial positive 
feedback and we hope that this additional simulation day helps 
“close the loop” on their core rotation.

REFERENCES:

1. Abstract presented at AMEE 2012 Abstract Book 9G1

2. Med Ed 2008;42:607-12

3. Qual Saf Health Care. 2004 October; 13(Suppl 1): i65-i71.
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S-106.
SURVEY ON USE OF PHARMACOKINETIC SIMULATION 
SOFTWARE FOR ANESTHESIA RESIDENT EDUCATION 

AUTHORS: D. R. Tapia, K. A. Sedeek

AFFILIATION: Anesthesiology, Penn State Hershey Medical 
Center, Hershey, PA

INTRODUCTION: This study was undertaken to determine the 
IUHTXHQF\� RI� XVH� DQG� SHUFHSWLRQ� RI� HI¿FDF\� RI� SKDUPDFRNLQHWLF�
simulation software for education in anesthesiology residency 
programs. Pharmacokinetic simulators, such as Gas Man (Med 
Man Simulations, Inc., Boston, MA), depict inhalational anesthetic 
concentration in various body compartments and the changes 
caused by altering minute ventilation, cardiac output, vaporizer 
FRQFHQWUDWLRQ��DQG�IUHVK�JDV�ÀRZV�

METHODS: A survey was sent to US anesthesia residency program 
directors, inquiring about: (1) how pharmacokinetics is taught; 
(2) how they see pharmacokinetic simulation as contributing to 
residents’ education: (a) understanding of the specialty of anesthesia, 
(b) insight into pharmacokinetics, and (c) improvement of clinical 
performance; (3) their own experience using pharmacokinetic 
simulation for personal or resident education; and (4) impediments 
to using simulation programs. At our institution, a similar survey 
was sent to the anesthesia faculty and another survey was given 
to junior residents after their participation in a simulation session 
XVLQJ� WKH� *DV� 0DQ� SURJUDP�� 7R� DVVHVV� WKH� HI¿FDF\� RI� WKH� *DV�
Man program, a test, containing questions about basic anesthesia 
pharmacokinetics, was administered before and after the Gas Man 
simulation session.

RESULTS: Responses were received from 16 anesthesia 
residency program directors and 19 anesthesia faculty members. 
Nearly all respondents believed pharmacokinetic simulation 
programs can contribute to greater understanding of the specialty 
of anesthesia, improved clinical performance, and a better grasp 
of pharmacokinetics. Few have used these programs personally 
and even fewer have used them in resident education, yet most 
would like to use them more frequently. Program directors said cost 
was the greatest impediment to use, while our faculty saw limited 
time as the greatest barrier. The 23 participating residents rated 
the simulator very highly after a one hour simulation session and 
believed the program contributed greatly to their understanding 
of pharmacokinetics, the specialty of anesthesia, and clinical care. 
Residents scored slightly higher on the post-test, given seven days 
after the simulation session, than on the pre-test.

CONCLUSIONS: Anesthesia residency program directors, 
anesthesia faculty and anesthesia residents all agree that 
pharmacokinetic simulation used in resident education can 
contribute to a greater understanding of the specialty of anesthesia, 
clinical care, and pharmacokinetic concepts. They would like to 
use these programs more frequently as a supplement to lectures, 
independent reading, and intraoperative teaching, but have 
encountered impediments to doing so, including cost and time 
limitations. Further efforts to overcome these barriers by increasing 
familiarity and access to pharmacokinetic simulation software 
may improve the education of anesthesia residents and, ultimately, 
patient care.

S-107.
WITHDRAWN.
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S-109.
TEACHING METHODS FOR AIRWAY MANAGEMENT 
SKILLS

AUTHORS: S. Patel

AFFILIATION:Anaesthesia, Pennine Acute NHS Trust, Rochdale, 
United Kingdom

INTRODUCTION: Airway management skill is fundamental to 
junior doctors. In the UK, foundation programme is an interface 
between under graduation and post-graduation. Foundation doctors 
(FD) often face airway emergencies. Teaching basic airway 
management skills to large cohort group can be a challenge. There 
is no single best method to teach airway management skills. Several 
teaching methods have been evaluated to teach airway management 
skills1. Our aim was to devise and develop a teaching programme 
for basic airway management for the most junior doctors.

METHODS: We devised learning outcomes to teach airway 
management for a group of 40 FD. Three hours are allocated for 
GLGDFWLF�WHDFKLQJ�RI�)'��:H�LGHQWL¿HG���OHDUQLQJ�GRPDLQV���&RJQLWLYH�
(knowledge), psychomotor (skills) and affective (attitude) important 
to learn airway management2. We formulated learning outcomes. 
We linked learning outcomes to learning domains as below

(1) To describe aetiology of airway compromise and its management 
(Knowledge and comprehension)

(2) Be able to demonstrate use of airway devices (application) and

(3)  Practical management of airway compromise in simulated 
scenarios (cognitive, affective, psychomotor domains).

$�VSHFL¿F�IHHGEDFN�IRUP�ZDV�XVHG�WR�HYDOXDWH�WHDFKLQJ�SURJUDPPH��
Feedback form used scale 1-5 (5 = excellent and 1=poor).

'XUDWLRQ�DQG�FRQWHQWV�RI�LQGLYLGXDO�WHDFKLQJ�PHWKRG

Number of teachers Number of 
foundation doctors

Duration in minutes Content

Lecture 1 40 25 Overview of airway assessment 
and basic devices for airway 
management e.g. airways, bag-
mask-ventilation, Laryngeal 
mask airways and endotracheal 
intubation

Demonstration using 
mannequins

2 2 groups (20 in each 
group)

45 Practical demonstration of 
technical and safe use of basic 
airway devices. Discussion of 
indications, contraindications and 
complications

Hands on experience 2. Each support 4 
stations

8 equipped stations. 
5 students at each 
station.

50 minutes (10 minutes 
for each learner while 
other learners observe)

Practical use. Peer and teacher give 
feedback on the skill.

Simulation- based 
scenarios

2 8 groups.
Out of 5 in each 
group, 3 learners 
get opportunity 
to face scenario. 
Two learners given 
responsibility for 
feedback.

40 minutes. 10 minutes 
for each of the 4 airway 
problem scenarios 
including timing for 
feedback.

40 minutes. 10 minutes for each 
of the 4 airway problem scenarios 
including timing for feedback.

RESULTS: We adopted several teaching methods (table 1). Careful 
planning for several teaching methods and grouping of learners 
were done to achieve learning outcomes (table 1).

We achieved 4.4, 4.3 and 4.3 score for presentation, content and 
UHOHYDQFH�� 7KHUH� ZHUH� VSHFL¿F� FRPPHQWV� WR� LQFUHDVH� QXPEHU� RI�
teachers and simulated scenarios. Demonstrations followed by 
hands on experience were also found to be useful.

DISCUSSION: Teaching airway management skills for large group 
RI� LQH[SHULHQFHG� MXQLRU� GRFWRUV� LV� GLI¿FXOW��7KHUH� LV� D� YDULDELOLW\�
in airway management teaching programme3. Learning outcomes 
helped us to choose appropriate teaching methods. We used various 
methods to improve understanding and apply learnt knowledge. 
Each teaching method has advantages and disadvantages (table 
2). Airway management skills also require use of psychomotor 
skills and positive attitude. ‘Hands on’ experience and simulation 
facilitated to achieve these domains. We also use peer feedback to 
encourage active participation in learning. In addition, we facilitate 
WKH�UHÀHFWLRQ�RQ�DFWLRQ�WR�LPSURYH�OHDUQLQJ�H[SHULHQFH�DQG�DLUZD\�
management performance.

We are planning to improve our teaching by recruiting 2 more 
teachers. This would allow us to use more simulated scenarios.

REFERENCES:

1. Holak EJ et al. J Clin Anesth 2011; 23:275-279.

2. Karthwhol DR. Theory In To Practice 2002; 41: 212-264

3. Hagberg CA. J Clin Anesth 2003; 15:149-153.
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/HDUQLQJ�RXWFRPH�DFKLHYHG�DQG�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�LQGLYLGXDO�WHDFKLQJ�PHWKRG

Learning outcome 
achieved

Advantages Disadvantages Comments

Lecture 1 - Sequential and logical 
information

- Teaching depends on 
knowledge and skills of 
presenter

Interaction promotes 
active participation

-Suitable for large group - Resources required e.g. 
time, space

Demonstation 1 and 2 -Active engagement - Requires attention and 
observation

-Plan and execute 
carefully

-May stimulate interest - In large group some 
may not be able to do 
close observation

- Can provide useful 
clinical tips

Hands on mannequins 2 �,PSURYHV�FRQ¿GHQFH - Requires supervision for 
optimal use

- Integrate feedback and 
UHÀHFWLRQ

- Opportunity to correct 
mistakes

- Not possible to provide 
details of all airway 
problems

Simulation-based 
scenarios

1, 2 and 3 -Repetition possible - Validity to teach 
airway management 
controversial

- Integrate feedback and 
UHÀHFWLRQ

��,QFUHDVLQJ�GLI¿FXOW\��
complexity of a case in 
step-wise approach

- May lead to over 
FRQ¿GHQFH

-Useful for evaluation - Not a substitute for real 
life scenarios

-No risk to patients

S-109 • continued
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S-110.
IMPACT OF FRESH GAS FLOW RATES ON VOLATILE 
ANESTHETIC AGENT USAGE: A COST ANALYSIS

AUTHORS: A. H. Jeffery

AFFILIATION: Anesthesiology, McMaster University, Hamilton, 
ON, Canada

INTRODUCTION: Hospital and departmental operating budgets 
are an increasing concern for anesthesiologists. Volatile gasses 
represent approximately 20% of anesthetic department drug costs1. 
Volatile usage is a particularly feasible target for cost savings since 
LW�FDQ�EH�HDVLO\�UHGXFHG�E\�GHFUHDVLQJ�IUHVK�JDV�ÀRZ��)*)��UDWHV�
2,3,4. With newer carbon dioxide absorbents, concerns over the 
generation of toxic by-products using low FGF rates are of little 
clinical relevance 4,5. Excess volatile usage due to excessive FGF 
rates results in increased costs and atmospheric pollution without 
FOLQLFDO�EHQH¿W��

The objectives of this study were to determine the impact of FGF 
UDWHV�RQ�'HVÀXUDQH�DQG�6HYRÀXUDQH�XVDJH��DQG�WR�HVWLPDWH�SRWHQWLDO�
FRVW�VDYLQJV�LI�ORZHU�ÀRZV�ZHUH�XVHG�

METHODS: FGF rates and volatile usage data were recorded 
from our OR anesthesia machines during one week. FGF rates were 
plotted against volatile usage to show the relationship between 
them. OR cases were separated into lower FGF (less than 1L/min 
WRWDO�ÀRZ� IRU�'HVÀXUDQH�� OHVV� WKDQ��/�PLQ� IRU�6HYRÀXRUDQH��DQG�
KLJKHU�)*)�JURXSV��JUHDWHU�WKDQ��/�IRU�'HVÀXUDQH��JUHDWHU�WKDQ��/�
PLQ�IRU�6HYRÀXUDQH���0HGLDQ�)*)�UDWHV�IURP�WKH�WZR�JURXSV��DIWHU�
adjustment for length of cases, were used to estimate the differences 
in costs between using median higher FGF rates vs. median lower 
FGF rates. Results were extrapolated to represent cost savings for an 
HQWLUH�\HDU��&DVHV�XVLQJ�ERWK�6HYRÀXUDQH�DQG�'HVÀXUDQH��RU�1LWURXV�
Oxide were excluded.

RESULTS: The relationship between FGF rates (L/min) to volatile 
XVDJH� �PO�PLQ�� LV� LOOXVWUDWHG� LQ� )LJXUH� ��� IRU� 'HVÀXUDQH� DQG� LQ�
)LJXUH����IRU�6HYRÀXUDQH�

The proportion of cases in the low and high FGF groups for each 
volatile, their FGF ranges, and median FGF values are shown in 
7DEOH����7KH�UHODWLRQVKLS�EHWZHHQ�)*)�UDWHV�DQG�'HVÀXUDQH�XVDJH�
was represented by y=1.6369x + 0.6484 (Figure 1). Rearranging this 
formula to solve for x and inserting FGF rates yields median low-
ÀRZ�'HVÀXUDQH�XVDJH�RI��[ ���������������������� ������PO�PLQ��
ZKLOH�PHGLDQ�KLJK�ÀRZ�'HVÀXUDQH�XVDJH�ZRXOG�EH�[ �������������
- 0.3961 = 0.550ml/min. The same calculation was used for 
6HYRÀXRUDQH�FDVHV��7KH�FRVWV�RI�XVLQJ�KLJK�YHUVXV�ORZ�)*)�UDWHV��
and estimated cost savings using median lower FGF rates, were 
FDOFXODWHG�XVLQJ�D�UHSUHVHQWDWLYH�FRVW�SHU�PO�RI�YRODWLOH��7DEOH�����
&RVW�VKRZQ�LV�DSSUR[LPDWH�DQG�SURSRUWLRQDO��VLQFH�H[DFW�FRVW�LV�D�
trade secret. 

Table 1. Summary of Case Data 'HVÀXUDQH 6HYRÀXUDQH

Number of cases 40 29

Hours of usage 86:05:00 41:15:00

FGF range (L/min) 0.713-7.707 1.079-9.7

1XPEHU�RI�FDVHV�LQ�ORZ�ÀRZ�JURXS 14 13

0HGLDQ�)*)�UDWH�IRU�ORZ�ÀRZ�JURXS 
(L/min)

0.828 1.573

1XPEHU�RI�FDVHV�LQ�KLJK�ÀRZ�JURXS 26 16

0HGLDQ�)*)�UDWH�IRU�KLJK�ÀRZ�JURXS 
(L/min)

1.549 3.001

Table 2. Summary of Cost Data 'HVÀXUDQH 6HYRÀXUDQH

&RVW� $0.44/ml $1.20/ml

&RVW�RI�YRODWLOH�XVLQJ�PHGLDQ�ORZ�ÀRZ�
rates

$0.05/min $0.29/min

&RVW�RI�YRODWLOH�XVLQJ�PHGLDQ�KLJK�ÀRZ�
rates

$0.24/min $0.58/min

&RVW�VDYLQJV�XVLQJ�PHGLDQ�ORZ�ÀRZ�UDWHV $0.19/min $0.29/min

Cost savings for a 120 min. case $23 $35 

7KH�FRVW�VDYLQJV�LI�KLJK�ÀRZ�FDVHV�ZHUH�VXEVWLWXWHG�ZLWK�ORZ�ÀRZ�
cases was conservatively estimated at $81,250 per year.

CONCLUSIONS: A minority of anesthesiologists at our institution 
XVH� ORZHU� ÀRZV�� GHVSLWH� WKH� IDFW� WKDW� XVLQJ� ORZHU� )*)� UDWHV�
UHSUHVHQWV�D�SRWHQWLDOO\�VLJQL¿FDQW�FRVW�VDYLQJV��7KH�LPSRUWDQFH�RI�
reducing FGF rates is not trivial, and measures should be adopted to 
promote this practice whenever possible.

REFERENCES:

1. Best Pract Res Clin Anaesthesiol. 2007. 19(3):399-413.

2. J Anesth. 1999. 13:166-174

3. Can. J. Anesth. 1997. 44(6):643-52

4. Anesthesiology. 2002. 97(3):578-584

5. Best Pract Res Clin Anaesthesiol. 2003. 17(1):63-67

6. Pharmacoecomomics. 2000. 17(6):585-590.
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S-111.
DO STRUCTURED COMMERCIAL INTENSIVE WEEKEND 
MOCK ORAL BOARD EXAMS IMPROVE EXAM 
PERFORMANCE?

AUTHORS: R. B. Silverman

AFFILIATION: Anesthesiology, Univ. of Miami, Miami, FL

INTRODUCTION: While all candidates who present for ABA 
FHUWL¿FDWLRQ� KDYH� XQGHUWDNHQ� H[KDXVWLYH� OHDUQLQJ� DQG� ZULWWHQ�
WHVWLQJ� WR� DFKLHYH� FDQGLGDF\�� WKHUH� LV� OLWWOH� VLJQL¿FDQW� H[SHULHQFH�
in presenting in an oral exam. The purpose of the oral exams is to 
attest to the candidate’s soundness of judgment, rationale, ability to 
DVVLPLODWH�DQG�DQDO\]H�GDWD��GH¿QH�SULRULWLHV��UHFRJQL]H�DQG�UHVSRQG�
to complications and communicate effectively. Few milestones 
provoke more anxiety in the course of becoming an anesthesiologist 
than the oral exam.

HYPOTHOSIS: The authors, (partners and owners of a private 
oral board preparation company, Board Stiff Live, Inc.) sought to 
determine if their intensive weekend course of mock oral exams and 
feedback improved the candidates’ performance.

METHOD: Candidates did a three day mock oral exams course with 
academic faculty. Each candidate did nine exams and participated/ 
critiqued in 27 others. We compared the scores in knowledge, 
FRQWHQW�DQG�GHOLYHU\�IRU�WKH�¿UVW�H[DP�DQG�WKHLU�ODVW�H[DP�

RESULTS: First we tested the normality of the variable by drawing 
the histogram and qqplot of the variables. The histogram didn’t 
reveal any skewed behavior, and therefore normality of the variables 
LV�YHUL¿HG�

Equality of the variance between the pre and post measurements was 
checked using F statistic. The test showed that the variance between 
pre and post measurements for all variables were equal. Equality of 
means between the pre and post measurements was tested using the 
SDLUHG�W�WHVW��7KLV�WHVW�FRQ¿UPV�WKDW�WKH�PHDQ�YDOXHV�IRU�WKH�SUH�DQG�
SRVW�PHDVXUHPHQW� DUH� VLJQL¿FDQWO\� GLIIHUHQW�� VXJJHVWLQJ� WKDW� SRVW�
measurements have on an average higher values compared to pre 
measurements.
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S-112.
DEVELOPMENT OF CLINICAL PERFORMANCE METRICS 
FOR RESIDENTS

AUTHORS: J. M. Ehrenfeld1, J. P. Wanderer2, W. R. Furman2, 
D. Snyder2, M. D. McEvoy2

AFFILIATION: 1Anesthesiology, Surgery, and Biomedical 
Informatics, Vanderbilt University, Nashville, TN, 2Anesthesiology, 
Vanderbilt University, Nashville, TN

INTRODUCTION: The ACGME now requires residency training 
programs to give residents feedback regarding their personal clinical 
effectiveness. Having previously described our development of an 
automated, near-real-time performance capture and feedback tool 
that provides objective performance data,1 we now describe our 
efforts to develop ongoing clinical performance metrics for trainees.

METHODS: We began by reviewing the proposed ACGME 
milestones, our existing departmental performance metrics, and 
published works in the literature.2 We then developed a list of 
potential metrics, which could be automatically obtained from 
our routine clinical documentation, which include a) glucose 
monitoring (every hour if receiving insulin and every 2 hours if 
diabetic but no insulin intraoperatively), b) central line insertion 
practices (documentation of sterile technique and all steps), c) 
temperature management (>36C), d) immediate postoperative pain 
scores (<=7), e) antibiotic administration (within 60 minutes prior 
to incision), f) measurement of a blood pressure prior to induction of 
general anesthesia (in a non-pediatric inhalational induction case), 
g) administration of antiemetic medications in high risk patients, 
and h) completion of electronic post-operative orders prior to 
patient arrival in the PACU. Each metric is scored in a binary pass/
fail system, and if any applicable metric for a case is failed, then 
WKH�FDVH�LV�ÀDJJHG�DV�D�µIDLO�¶�7KLV�FDVH�WKHQ�DSSHDUV�LQ�WKH�UHVLGHQW�
dashboard and they can select it in order to immediately pull up the 
anesthesia care record in order to review why they might have not 
performed on this quality metric (Figure 1).

Figure 1

RESULTS: Resident performance on 55,269 completed cases has 
been incorporated into our automated dashboard, and trainees now 
have access to their own performance data on these metrics as well 
as aggregated data concerning the performance of their residency 
class and the residency as a whole in order to provide individual-
group comparisons, as shown in Figure 1.

CONCLUSIONS: We demonstrate the development of eight 
clinical performance metrics for anesthesiology trainees. 
These metrics have been implemented into a near real-time 
IHHGEDFN� GDVKERDUG� WKDW� VDWLV¿HV� RQH� FRPSRQHQW� RI� WKH�$&*0(�
requirements to provide trainees with information concerning their 
personal clinical effectiveness, which will be an integral part of the 
Milestones system. We are in the process of developing additional 
clinical performance metrics, such as rate of postoperative nausea 
and vomiting, need for re-intubation, post-operative residual 
neuromuscular blockade, unanticipated ICU admissions, length of 
time in a hypotensive state, surgical apgar score, and postoperative 
elevations in creatinine and troponin. We believe that such ongoing 
performance feedback will improve clinical and professional 
assessment and performance.

REFERENCES:

1. Ehrenfeld JM, McEvoy MD, Furman WR, Snyder D, Sandberg 
WS. Anesthesiology 2014; 120:172-184.

2. Ehrenfeld JM, Henneman JP, Peterfreund RA, Sheehan TD, 
Xue F, Spring S, Sandberg WS. Jt Comm J Qual Patient Saf. 
2012;38:73-80.
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QUANTIFICATION OF VARIABILITY IN ANESTHESIA 
RESIDENCY AIRWAY TRAINING

AUTHORS: J. P. Wanderer1, S. T. Jennings2, J. M. Ehrenfeld1, M. 
D. McEvoy1

AFFILIATION:1Anesthesiology, Vanderbilt University, Nashville, 
TN, 2Human and Organizational Development, Vanderbilt 
University, Nashville, TN

BACKGROUND:The Accreditation Council for Graduate Medical 
Education (ACGME) maintains sets of core program requirements 
which describe the guidelines for anesthesiology residency training. 
Airway management is a key skill for a practicing anesthesiologist. 
While the ACGME’s current system describes the minimum number 
RI� FDVHV� WKDW� UHVLGHQWV� DUH� UHTXLUHG� WR� FRPSOHWH� IRU� VSHFL¿F� FDVH�
types, little guidance is provided for airway management beyond 
³VLJQL¿FDQW�H[SHULHQFH�ZLWK�D�EURDG�VSHFWUXP�RI�DLUZD\�PDQDJHPHQW�
techniques,” and less is known about the variability in resident 
airway experience. Here we describe the variability in airway 
experience of CA3 (PGY-4) residents in performing four essential, 
but non-routine, airway management techniques: awake intubation, 
¿EHURSWLF�LQWXEDWLRQ��QDVDO�LQWXEDWLRQ�DQG�LQWXEDWLQJ�/0$�

METHODS: We extracted airway management techniques from 
the ACGME Residency Case Log system as well as from our 
perioperative information management system (PIMS). Fifteen 
CA3 residents were analyzed after completion of their residency. 
$LUZD\� PDQDJHPHQW� WHFKQLTXHV� ZHUH� DWWULEXWHG� WR� VSHFL¿F�
residents when they documented the airway management technique 
described and were the initial (or only anesthesia) provider for 
the case. Additionally, we determined the total number of each 
airway management technique performed at our institution during 
their residency.

RESULTS: Experience varied widely among anesthesiology 
residents. The experience with nasal intubations reported to the 
ACGME ranged from 4 to 32 (mean 16.3 ± standard deviation 7.5), 
DZDNH� LQWXEDWLRQV� IURP��� WR���� �������������¿EHURSWLF� LQWXEDWLRQV�
from 11 to 51 (31.4 ± 10.4) and intubating LMAs from 0 to 4 (1.7 ± 
1.5). In total during this three year period of time at our institution 
including all anesthesia provider types, there were 4,759 nasal 
LQWXEDWLRQV�� ���� DZDNH� LQWXEDWLRQV�� ������ ¿EHURSWLF� LQWXEDWLRQV��
and 160 intubations performed with an LMA. Comparison of the 
experiences reported to the ACGME with our PIMS anesthesia 
charts revealed largely correlated data with evidence of both under- 
and over-reporting.

CONCLUSION: The results of this study demonstrate that airway 
management experience varies substantially among anesthesiology 
residents within the same residency class. For each airway 
management technique, ample training opportunities existed at our 
institution during this period. Decision support software has been 
described for anesthesiology trainee assignments1 that provides 
supervising anesthesiologists with airway management experience 
data extracted from PIMS. As these airway management techniques 
are normally planned for ahead of time, utilization of this type of 
software might facilitate clinical scheduling of trainees in order 
WR�HQVXUH�WKDW�DOO�DQHVWKHVLRORJ\�UHVLGHQWV�JUDGXDWH�ZLWK�D�VLJ�QL¿FDQW�
and consistent exposure to the full spectrum of airway manage ment 
techniques.

REFERENCES:

1.  Wanderer JP, Charnin J, Driscoll WD, Bailin MT, Baker K. 
Anesth Analg. 2013 Aug;117(2):494-9.
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JOB INSECURITY PREDICTS BURNOUT IN PAIN 
MEDICINE SPECIALISTS

AUTHORS: H. Kroll1, M. Jesse2, M. Jankowski3, D. Tonkin1

AFFILIATION:1Anesthesiology, Henry Ford Hospital, Detroit, 
MI, 2Behavioral Medicine, Henry Ford Hospital, Detroit, MI, 
3Biostatistics, Henry Ford Hospital, Detroit, MI

INTRODUCTION: Burnout is a prolonged response to chronic 
HPRWLRQDO� DQG� LQWHUSHUVRQDO� VWUHVVRUV� RQ� WKH� MRE�� GH¿QHG� E\� ��
GLPHQVLRQV�� H[KDXVWLRQ�� F\QLFLVP�� DQG� LQHI¿FDF\�ï� %XUQRXW� FDQ�
DIIHFW� TXDOLW\� RI� FDUH�� MRE� WXUQRYHU�� DQG� QHJDWLYHO\� LQÀXHQFH�
others in the group.² This study aimed to determine the incidence 
of burnout amongst pain medicine specialists and whether there 
are demographic or social/psychological characteristics of the job 
setting that predicts burnout.

METHODS: Recruitment to participate in a Survey Monkey 
was via email invitation to the membership of the American 
Society of Interventional Pain Physicians. The survey consisted 
of demographics, Maslach Burnout Inventory-Human Services 
Survey (MBI-HSS), and Job Content Questionnaire (JCQ). MBI-
HSS assesses for burnout in helping professions and is composed of 
3 subscales: Emotional Exhaustion (EE), Depersonalization (DP), 
and Personal Accomplishment (PA). JCQ is designed to measure 
social and psychological characteristics of jobs, revealing high-
demand/low control/low support models of job strain development.³ 
Three multivariable linear regressions were performed to determine 
whether age, gender, marital status, average hours worked per week, 
job decisional authority, job insecurity, and type of current practice 
predicted the three subscales of the MBI.

RESULTS: A total of 266 surveys were completed between June 
10, 2013 and November 4, 2013. 141 (61.3%) and 82 (35.6%) of 
respondents scored high EE and DP respectively, and 98 (42.6%) 
had low PA-the 3 essential indicators of burnout. Across all three 
PRGHOV��((��'3��DQG�'3��RQO\�RQH�YDULDEOH�VLJQL¿FDQWO\�SUHGLFWHG�
burnout; job insecurity. Higher levels of job insecurity predicted 
more emotional exhaustion, more depersonalization, and less 
SHUVRQDO�DFFRPSOLVKPHQW��6SHFL¿FDOO\��IRU�HYHU\���XQLW�LQFUHDVH�LQ�
job insecurity, there was a 1.74 point increase in EE, a 1.09 point 
increase in DP, and a 1.03 point decrease in PA (Tables 1, 2, and 3).

CONCLUSIONS: The high incidence of burnout amongst pain 
medicine specialists is quite worrisome as it places them at risk for 
VXEVWDQFH� DEXVH�� LQWHUSHUVRQDO� GLI¿FXOWLHV�� VXLFLGDO� LGHDWLRQ�� DQG�
increases the risk for medical error. In all 3 subscales the incidence 
is higher than the overall US physician population.4 Unlike other 
studies; a younger, single clinician did not predict burnout. High 
levels of job insecurity, as measured by the JCQ, were a predictor 
of burnout in our population. These results should be used to create 
preventative and management programs to mitigate burnout, while 
increasing clinician engagement.

REFERENCES:

1) Annu. Rev. Psychol, 52:397-422, 2001

2) Anesthesiology, 114:194-204, 2011

3) Journal of Occupational Health Psychology, 3:322-355, 1998

4) Arch Intern Med, 172:1377-1385, 2012
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EXAMINING THE POTENTIAL BENEFITS OF 
PERIPHERAL NERVE BLOCKADE IN A RESOURCE-
LIMITED INTERNATIONAL SETTING: THE EXAMPLE 
OF RWANDA. 

AUTHORS: A. E. Ardon

AFFILIATION: Anesthesiology, Mayo Clinic, Jacksonville, FL

INTRODUCTION:� 6XUJLFDO� LQWHUYHQWLRQ� FDQ� SOD\� D� VLJQL¿FDQW�
role in the public health scheme of a developing country; as much 
as 11% of disease is amenable to treatment, cure or palliation with 
surgery. Concurrently, anesthesia capacity in limited resource 
settings is an important public health issue that recently has received 
increased attention. Using Rwanda as an example, we explore the 
potential impact of a regional anesthesia service in a developing 
country setting.

METHODS: Using a literature review and an in-country hospital 
assessment, the potential clinical, economic, and educational 
impact of peripheral nerve blockade were assessed. Two public 
referral hospitals in Rwanda were assessed: Centre Hospitalier 
Universitaire, Kigali (CHUK) and Centre Hospitalier Universitaire, 
Butare (CHUB). Limitations and barriers to the establishment of a 
FRQVLVWHQW�SHULSKHUDO�QHUYH�EORFN�VHUYLFH�ZHUH�LGHQWL¿HG�

RESULTS: The majority of orthopedic surgery is carried out in 
the public referral hospitals, CHUK and CHUB. Referral hospitals, 
while more equipped than the district hospitals, face important 
limitations such as inconsistent central oxygen and electrical 
supplies, which delay or cancel surgical cases. Whereas 99% of 
lower extremity surgery at both CHUB and CHUK is performed 
under spinal anesthesia, only 10-15% of these patients receive 
supplemental peripheral nerve blockade. Although approximately 
55% of orthopedic cases at CHUB involve upper extremity fractures, 
very few upper extremity surgery patients are offered brachial 
plexus blockade. In the setting of inconsistent central oxygen or 
electricity, surgery performed under peripheral nerve block with 
reliance on small-cylinder-sourced oxygen and battery-operated 
monitors is poised to be economically advantageous. Clinically, the 
use of peripheral nerve blockade could improve postoperative pain 
control, and decrease postoperative nausea and vomiting, as well as 
length of stay in the post-anesthesia care unit. Finally, consistent use 
of peripheral nerve blockade could enhance the national anesthesia 
training program, therefore improving local capacity. Limitations 
include lack of equipment and limited skills regarding peripheral 
nerve block techniques among local anesthesiologists.

CONCLUSION: The establishment of a regional anesthesia 
service in a limited resource setting such as Rwanda may positively 
impact local anesthesia capacity as well as clinical, economical, and 
training aspects. Continued international collaboration and research 
is needed to properly improve anesthesia capacity in nations with 
limited resources.

REFERENCES:
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S-117.
PERIOPERATIVE SURGICAL HOME FOR THE SAME 
DAY ADMISSION CARDIAC SURGICAL PATIENT: 
IMPROVING CARE, SATISFACTION, AND ENROLLMENT 
IN RESEARCH 

AUTHORS:�1��$��*DQGKL��$��*ROGEHUJ��=��=D¿URYD��*��6LOYD\

AFFILIATION: Anesthesiology, Mount Sinai School of Medicine, 
New York, NY

INTRODUCTION: With evolving legislature and reimbursements 
for anesthesiologists, the perioperative surgical home has evolved 
as a tool to improve patient care, quality and satisfaction. While the 
perioperative home has been shown to create a marked improvement 
in several patient factors, one critical area that may also improve 
is with research study enrollment. Enrolling patients in clinical 
research can be a challenging endeavor, and numerous studies have 
VKRZQ�WKDW�WKH�FRPIRUW�RI�WKH�SDWLHQW�FDQ�LQÀXHQFH�WKHLU�GHFLVLRQ�WR�
consent to participating in a clinical study.

Undergoing a surgical procedure is a very stressful experience for a 
patient. Many attempts have been made to elucidate the reasons for 
this stress, as well as the various facets of patient satisfaction in the 
perioperative period. Interventions such as a preoperative visit from 
an anesthesiologist, coordinated visits between the surgical and 
anesthesia team, and decreased waiting time can all increase patient 
satisfaction and decrease patient stress. Furthermore, thorough 
preoperative visits can provide optimal information about all phases 
of the perioperative period.

Given the improvement with satisfaction and the ability to spend 
more time with the patient, the perioperative surgical home can be 
an invaluable tool to improve patient comfort towards a research 
study, and thereby foster enrollment.

METHODS: We conducted a retrospective review of all cardiac 
surgical cases at our institution from January 2012 - November 
2013. Patients were categorized as to whether they were seen in the 
preoperative clinic 3-6 days prior to surgery and admitted on the 
day of surgery, or were inpatients and seen by the anesthesia team 
in the hospital.

Surveys were presented to all same day cardiac surgery patients 
with the goal of observationally evaluating patient satisfaction with 
the preoperative process.

RESULTS: Out of a total of 2963 cardiac surgical cases from 
January 2012 - November 2013, 1153 were admitted on the day of 
surgery (38.9%).

In observational reports, patients reported an 87% satisfaction rating 
with their overall experience in the preoperative clinic, 95% reported 
that they were comfortable, and 90% reported receiving adequate 
information regarding surgery and associated research projects.

CONCLUSIONS: The perioperative surgical home for day of 
admission elective cardiac surgical patients provides an arena to 
overcome several barriers involved in consent to clinical research. 
Our patients reported overwhelming satisfaction with the salient 
information provided regarding their entire hospitalization and 
associated research, as well as with the overall preoperative 
HYDOXDWLRQ� SURFHVV�� %DVHG� RQ� RXU� ¿QGLQJV�� ZH� UHFRPPHQG� D�
prospective randomized trial to further explore the increase 
in enrollment in research studies with the establishment of a 
perioperative surgical home.

REFERENCES:

Br J Anaesth. 2013 Dec;111(6):979-89

Anesthesiology 2013; 110:1261-74.

BMC Anesthesiology 2013 13:6:1-11.

Anesth Analg. 2013 Feb;116(2):448-54.

Minerva Anestesiol. 2010 Jul;76(7):491-9.
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ANESTHESIOLOGIST STAFFING CONSIDERATIONS 
CONSEQUENT TO THE TEMPORAL DISTRIBUTION OF 
HYPOXEMIC EPISODES IN THE POST ANESTHEISA 
CARE UNIT

AUTHORS: M. G. Lopez1, R. H. Epstein2, J. M. Ehrenfeld3, 
F. Dexter4

AFFILIATION: 1Anesthesiology, Vanderbilt University, Nashville, 
TN, 2Anesthesiology, Jefferson Medical College, Philadelphia, PA, 
3Anesthesiology, Biomedical Informatics, and Surgery, Vanderbilt 
University, Nashville, TN, 4Anesthesia, University of Iowa, Iowa 
City, IA

INTRODUCTION: Hypoxemia (SpO2 < 90%) is common in post 
anesthesia care unit (PACU) patients.1-4 The temporal distribution 
of desaturation has managerial implications, as treatment may 
necessitate an anesthesiologist’s presence. However, prior studies 
(from 20 years ago) evaluated the incidence of PACU hypoxemia, 
not when episodes occurred, and workload attendant to the 
management of such episodes (possibly multiple interventions 
in individual patients) cannot be inferred. More recent studies of 
hypoxemia in the PACU in the context of residual neuromuscular 
blockade (NMB) truncated SpO2 observations at 15 or 30 min.5-7 We 
evaluated 3 hypotheses: (1) most (i.e., > 50%) PACU hypoxemia 
ODVWLQJ�����PLQ�RFFXUV������PLQ�IROORZLQJ�DGPLVVLRQ������HSLVRGHV�
resolve more slowly than operating room hypoxemia; and (3) most 
(i.e., > 50%) PACU intubations occur < 30 min following admission.

METHODS: Electronically recorded SpO2 values recorded every 
30 to 60 sec were retrieved from 137,757 PACU patients over N = 
80 4-week periods at an academic medical center. Onset times of 
hypoxemic episodes were determined and resolution at 3, 5, and 
10 min was assessed. Episodes were compared occurring < 30 min 
DQG� �� ��� PLQ� IROORZLQJ� 3$&8� DGPLVVLRQ�� 3DWLHQWV� XQGHUJRLQJ�
LQWXEDWLRQ�LQ�WKH�3$&8�ZHUH�LGHQWL¿HG�E\�GRLQJ�D�IUHH�WH[W�VHDUFK�
IRU� FRPPHQWV� VXJJHVWLQJ� LQWXEDWLRQ�� IROORZHG� E\� D� FRQ¿UPDWRU\�
manual chart review. Intervals from PACU admission to intubation 
were determined.

RESULTS: Hypothesis #1 was rejected, as only 31.2% ± 0.05% of 
hypoxemic episodes occurred < 30 min after PACU admission (P < 
0.0001) (Fig. 1). Few (< 1%) transporting anesthesia providers were 
still present in the PACU 30 min following exit from the operating 
room (Fig. 2). Hypothesis #2 was accepted, as hypoxemic episodes 
were unresolved in the PACU vs. the OR after 3 min in 40.9% ± 
0.6% vs. 21.2% (P < 0.0001), and after 5 min in 32.6% ± 0.5% vs. 
8.1% (P < 0.0001). Hypothesis #3 was rejected, as 63%, (95% CI 
������WR��������RI�3$&8�LQWXEDWLRQV�RFFXUUHG������PLQ�IROORZLQJ�
admission (P = 0.029).

CONCLUSIONS: Because most (i.e., > 50%) hypoxemic episodes 
LQ� WKH� 3$&8� RFFXU� �� ��� PLQ� DIWHU� DGPLVVLRQ�� D� WLPH� ZKHQ� WKH�
anesthesia provider who transported the patient usually would no 
longer be present (> 99% of cases), the PACU needs to be considered 
ZKHQ� DQHVWKHVLRORJLVW� 25� VWDI¿QJ� DQG� DVVLJQPHQW� GHFLVLRQV� DUH�
made. Future studies of NMB evaluating respiratory complications 
in the PACU should extend their observation period beyond 30 min.

REFERENCES:

1. Proc Annu Symp Comput Appl Med Care. 1989; 8:580-2

2. Anesthesiology 1990; 73:890-5

3. Can J Anaesth 1991; 38:740-6

4. Chest 1993; 104:899-903

5. Anesth Analg 2008; 107:130-7

6. Anesthesiology 2008; 109:389-98

7. Anaesth Intensive Care. 2012; 40:999-1006

Figure 1. Time Course of PACU Hypoxemic Episodes

Figure 2. Anesthesia Provider Presence in the PACU
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THE EFFECT OF PRE-DRAWN SYRINGES ON 
INTRAOPERATIVE MEDICATION USAGE

AUTHORS: K. S. Ladha1, K. Nanji1, E. Pierce1, J. A. Hyder2

AFFILIATION: 1Anesthesia, Critical Care and Pain Medicine, 
Massachusetts General Hospital, Boston, MA, 2Department of 
Anesthesiology, Mayo Clinic, Rochester, MN

INTRODUCTION: Medication shortages have become 
increasingly common in the United States and have been implicated 
in unplanned treatment changes and poor outcomes. At the 
same time little is known regarding the impact of pre-packaged 
syringes on medication usage rates. We tested if a local shortage 
of pre-packaged ephedrine sterile injectables, replaced by provider-
diluted ephedrine, was associated with changes in ephedrine and 
phenylephrine use and intraoperative hemodynamics.

METHODS: Consecutive patients undergoing general surgery 
(colectomy, hernia repair, parathyroidectomy and thyroidectomy) 
and orthopedic surgery (primary total knee and hip arthoplasty) at a 
tertiary care center were included one month prior to and one month 
after the start of the pre-packaged ephedrine syringe shortage. Patient 
demographics and information regarding a patient’s anesthetic were 
obtained from the anesthesia information management system. 
Lowest mean arterial pressure and lowest heart rate were calculated 
as measures of hemodynamics. The induction dosage of propofol 
and median minimum alveolar concentrations (MAC) were also 
collected. Associations between syringe shortage, hemodynamics 
and medication use were tested in univariate and multivariate linear 
and logistic regression models.

RESULTS: A total of 304 patients were included prior to the pre-
packaged syringe shortage and 298 patients were included after 
WKH� VKRUWDJH� EHJDQ�� (SKHGULQH� EROXV� XVH� GLIIHUHG� VLJQL¿FDQWO\�
before and after the absence of pre-packaged syringes [148/304 
(48.7)% vs 117/298 (39.3)%, p=.020]. In multivariate analyses 
adjusting for age, sex, American Society of Anesthesiologists 
status, surgical procedure, primary anesthesia provider and surgical 
GXUDWLRQ��SDWLHQWV�ZHUH�VLJQL¿FDQWO\�OHVV�OLNHO\�WR�UHFHLYH�HSKHGULQH�
during the shortage [OR=0.67 (95%CI 0.48-0.95), p=0.0245) and 
SDWLHQWV¶� DYHUDJH� SKHQ\OHSKULQH� EROXV� GRVDJH� ZDV� VLJQL¿FDQWO\�
greater [+27.80mcg, (95%CI 1.43-54.18) p=0.0389]. Patients’ 
hemodynamics assessed by lowest heart rate or lowest mean arterial 
SUHVVXUH�GLG�QRW�GLIIHU�VLJQL¿FDQWO\�GXULQJ�WKH�VKRUWDJH��7KHUH�ZDV�
DOVR�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ� WKH�PHGLDQ�0$&�GXULQJ�WKH�FDVH�
and the dose of propofol before and during the shortage.

CONCLUSION: The events at our institution created a natural 
experiment to study changes in anesthesia provider behavior and 
patient effects in response to a shortage of pre-packaged syringes. 
2XU� ¿QGLQJV� FRQ¿UP� WKDW� SURYLGHUV� DOWHUHG� WKHLU� PHGLFDWLRQ�
DGPLQLVWUDWLRQ� SDWWHUQV�� DV� SDWLHQWV� ZHUH� VLJQL¿FDQWO\� OHVV� OLNHO\�
to receive ephedrine during the shortage. This was associated 
ZLWK�D�VLJQL¿FDQW�LQFUHDVH�LQ�WKH�GRVDJH�RI�SKHQ\OHSKULQH�EROXVHV��
There was no detectable difference in MAC, propofol dosage or 
hemodynamics.
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COMPARISON OF ANESTHESIA TRAINING EXPERIENCE 
AT A RURAL REFERRAL HOSPITAL IN WESTERN KENYA 
TO AN ACGME-APPROVED PROGRAM IN THE UNITED 
STATES

AUTHORS: M. D. McEvoy1, M. W. Newton1, J. Ehrenfeld1,  
J. P. Wanderer1, M. Higgins2, K. A. McQueen1, W. S. Sandberg1

AFFILIATION: 1Anesthesiology, Vanderbilt University, Nashville, 
TN, 2Anesthesiology, VUMC, Nashville, TN

INTRODUCTION: It is well recognized that there is a lack 
of anesthesia care providers in many resource-poor countries, 
especially in rural areas. This often is a barrier to providing 
adequate care for large numbers of patients requiring surgery in 
those settings.1 We have previously reported on the development of 
a nurse anesthetist training program in Western Kenya.2 However, 
there is little objective data comparing anesthesia training in low-
income countries versus programs in the United States. This study 
reports on 12-months of cases performed by anesthesia trainees 
at a hospital in Western Kenya (Kijabe Hospital) compared to the 
experience of their counterparts in an ACGME-approved program 
in the U.S.

METHODS: We constructed a database to capture case log data 
from trainees in Kenya in the 2012 academic year. This database 
FRQWDLQHG�WKH�VDPH�¿HOGV�DV�WKRVH�LQ�WKH�$&*0(�&DVH�/RJ�V\VWHP�
IRU�DQHVWKHVLRORJ\�UHVLGHQWV��$GGLWLRQDO�¿HOGV�ZHUH�DGGHG�IRU�W\SH�
of surgery in order to delineate the experience in Kenya. This dataset 
was compared in aggregate to the information from our residency 
training program.

RESULTS: We collected data on 872 cases performed by 6 
anesthesia trainees at a rural Kenyan hospital (Kijabe Hospital) and 
7,883 cases performed by 42 residents (CA1-3) at our institution in 
the same time period. Figures 1-5 show the comparison in trainee 
experience by percentage (%) between training programs concerning 
patient age, gender, type of case, patient status (ASA), anesthesia 
type, and airway management. Patient gender was identical between 
programs, whereas Kenyan trainees cared for roughly half as many 
patients >65 years but almost 3 times as many patients <12 years 
�¿J���	�����$6$����UHSUHVHQWHG����RI�FDVHV�SHUIRUPHG�E\�.HQ\DQ�
WUDLQHHV� DQG� ����RI� FDVHV� E\� WKRVH� LQ� RXU� SURJUDP� �¿J� ����&DVH�
W\SHV� �¿J� ��� ZHUH� IDLUO\� VLPLODU� EHWZHHQ� SURJUDPV�� H[FHSW� WKDW�
gynecologic, obstetric, and other intra-abdominal cases represented 
a larger percentage for Kenyan trainees. Finally, Kenyan trainees 
performed a greater percentage of cases under neuraxial or regional 
DQHVWKHVLD�WKDQ�UHVLGHQWV�LQ�RXU�SURJUDP��¿J����

CONCLUSIONS: These results detail the experience of anesthesia 
trainees in a rural referral hospital in Kenya. While the training 
program has been successful for over a decade concerning capacity 
EXLOGLQJ�� D� TXDQWL¿DEOH� FRPSDULVRQ� RI� WUDLQHH� H[SHULHQFH� KDV�
not previously been known. These results highlight the context-
VSHFL¿F� VLPLODULWLHV� DQG� GLIIHUHQFHV� LQ� WUDLQLQJ� EDVHG� RQ� WKH�
patient populations served. Future research needs to compare 
this experience to government-sponsored and administered nurse 
anesthetist and anesthesiology resident training programs in Kenya 
and East Africa.

REFERENCES:

1.   Dubowitz G, Detlefs S, McQueen KA. Global anesthesia 
workforce crisis: a preliminary survey revealing shortages 
contributing to undesirable outcomes and unsafe practices. World 
journal of surgery 2010;34:438-44.

2.  Newton M, Bird P. Impact of parallel anesthesia and surgical 
provider training in sub-Saharan Africa: a model for a resource-
poor setting. World journal of surgery 2010;34:445-52.
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EVALUATION OF A PATHOLOGY SPECIFIC APPROACH 
TO DATABASE TEE TRAINING FOR ANESTHESIOLOGY 
RESIDENTS

AUTHORS: C. D. Key1, O. Klimkina2, A. DiLorenzo2, 
P. Zephyr2

AFFILIATION: 1Anesthesiology, University of Alabama 
Birmingham, Birmingham, AL, 2Anesthesiology, University of 
Kentucky, Lexington, KY

BACKGROUND: Transesophageal echocardiography (TEE) 
has become an increasingly used tool for the anesthesiologist. 
Questions related to basic knowledge of TEE are included on 
WKH� $PHULFDQ� %RDUG� RI� $QHVWKHVLRORJ\� FHUWL¿FDWLRQ� H[DP�� DQG�
curriculum incorporating this topic is encouraged by the ACGME. 
Currently, there are no standardized requirements for TEE learning 
WLPH�RU�GH¿QHG�OHDUQLQJ�RXWFRPHV��DQG�WKHUH�LV�D�PLQLPDO�DPRXQW�
of literature dedicated to the teaching of TEE in residency training 
programs.

Our anesthesiology program requires a TEE rotation in the CA-3 
year and uses a combination of teaching methods including 
intraoperative TEE, simulator training, self-study, and TEE database 
study reading.

The database contains TEE studies completed by anesthesia 
faculty in a variety of cases. During the TEE rotation, training 
has traditionally been done by reading random studies from the 
database. Our research was conducted to compare a pathology 
VSHFL¿F�WUDLQLQJ�DSSURDFK�ZLWK�WKH�FXUUHQW�UDQGRP�DSSURDFK�

METHODS: IRB exemption was obtained. The study group 
consisted of 12 residents from the PGY1 and PGY2 years. All 
PGY 3 and 4 residents who had completed cardiothoracic or TEE 
rotations were excluded. The two groups were randomized into a 
SDWKRORJ\� VSHFL¿F� VWXG\� JURXS� �JURXS� ��� DQG� D� UDQGRP�PL[WXUH�
study group (group 2).

After an introductory lecture on TEE standard views, both groups 
received four 45-minute teaching sessions moderated by a senior 
resident. Sessions were presented in Power Point format and 
composed with TEE images and clips from database chosen by the 
primary investigator.

Group 1 received teaching in a pathology organized approach 
including left ventricular and right ventricular performance, 
pathology of aortic valve, pathology of mitral valve, and common 
emergency conditions (hypovolemia, cardiac tamponade, aortic 
dissection). Group 2 received teaching consisting of identical 
images and clips introduced as a random mixture.

RESULTS: Resident’s performance was evaluated by the same 
written pre-study and post-study test. The test included 26 open-
answer questions. Participants were expected to identify TEE 
standard views, basic cardiac anatomy, or pathology previously 
discussed during teaching sessions. The average percentage of 
performance improvement of two groups for the post-study test 
ZDV�� ������ IRU� JURXS� �� DQG� ������ LQ� JURXS� �� �QR� VLJQL¿FDQW�
difference between groups, a p-value of 0.691).

The pre-test average for both groups was 24.22%, and the post-test 
DYHUDJH�ZDV���������VLJQL¿FDQW�GLIIHUHQFH�LQ�SHUIRUPDQFH�ZLWK�D�
p-value of less than 0.005).

CONCLUSION:�7KHUH�ZDV�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�
VHHQ�LQ�WHDFKLQJ�WHFKQLTXH��SDWKRORJ\�VSHFL¿F�RU�UDQGRP�DSSURDFK�
WR� GDWDEDVH� 7((� WUDLQLQJ��� DOWKRXJK� JURXS� �� �SDWKRORJ\� VSHFL¿F�
approach) showed a greater degree of improvement than group 2 
(random approach).

$� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH� ZDV� IRXQG� LQ� WKH� RYHUDOO�
improvement in the scores of the post-test compared to pre-test for 
both groups, indicating that database instruction for 1st and 2nd 
year residents is an effective method for introductory TEE training.
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IMPLEMENTATION OF A JOINT SURGICAL HOME 
MODEL: A CASE STUDY AT THE UNIVERSITY OF 
CALIFORNIA IRVINE

AUTHORS: L. Garson1, S. Vakharia1, R. Schwarzkopf2,  
M. Cannesson1, Z. Kain1

AFFILIATION: 1Anesthesiology & Perioperative Care, University 
of California Irvine, Orange, CA, 2Orthopedic Surgery, University 
of California Irvine, Orange, CA

INTRODUCTION: Healthcare in the US is noted for variability 
of care, high cost, and poor outcomes1. In the perioperative setting, 
variable and fragmented care increases the chance for operational 
mistakes and the overall cost of the perioperative care2.

Recently, the American Society of Anesthesiologists (ASA) that the 
Perioperative Surgical Home (PSH) concept is a potential solution 
to this problem3. Today, while the PSH concept has already been 
described and discussed by several authors, the actual “real life” 
implementation of this new model has never been reported.

In this abstract we describe the development and implementation of 
the Joint-PSH at our institution and we present the evaluation of this 
program after 12-months of experience.

METHODS: On October 1st, 2012, our group at UC Irvine 
Health has started a Perioperative Surgical Home that was aimed 
at providing services to patients undergoing elective primary 
hip (THA) and knee (TNA) arthroplasties. Under the Joint-PSH 
initiative, members of the Departments of Anesthesiology & 
Perioperative Care and Orthopedic Surgery along with members 
of all perioperative hospital services developed and implemented a 
VHULHV�RI�FOLQLFDO�SDWKZD\V�GH¿QLQJ�DQG�VWDQGDUGL]LQJ�SUHRSHUDWLYH��
intraoperative and postoperative management for these patients. We 
report length of stay in the hospital (LOS), incidence of perioperative 
blood transfusions, postoperative complications (based on national 
benchmarks: mechanical complications, surgical site infection and 
bleeding, pulmonary embolism, myocardial infarction, pneumonia, 
and sepsis) 30-day readmission, mortality, and patient satisfaction.

RESULTS: Between October 1st 2012 and October 1st, 2013, 49 
Primary THA and 89 TKA were included in the joint-PSH. The 
mean LOS for TKA and THA were respectively 2.5±0.7 and 2.6±0.7 
days. The incidence of perioperative blood transfusion was 4%. In 
-hospital mortality was 0% and 30-day readmission was 1%. We 
observed one post-operative complication (hip dislocation). Our 
Press Ganey Score for overall Patient Satisfaction was 98 percentile.

CONCLUSION: Our institution’s Joint-PSH outperformed 
national benchmarks in most primary and secondary study 
endpoints. We believe a key component of the PSH is the role of 
the anesthesiologist. Additionally, our PSH program emphasizes the 
patient centered continuum of care that is an essential component 
of a PSH. We believe that our experience with the Joint-PSH 
program for total joint arthroplasty supports the PSH model to foster 
collaboration across disciplines, strong communication between 
all stakeholders from the preoperative evaluation process through 
postoperative care on into discharge in order to lead to excellent 
patient outcomes and high patient satisfaction.

REFERENCES:

1.  Berwick DM et al. Eliminating waste in US health care. JAMA 
2012.

����7RPHN�,0�HW�DO��$�FROODERUDWLYH�RI�OHDGLQJ�KHDOWK�V\VWHPV�¿QGV�
wide variations in total knee replacement delivery and takes steps 
to improve value. Health Aff (Millwood) 2012.

3.  ASA Committee on Future Models of Anesthesia Practice Annual 
Report to the HOD. August 18, 2013.

S-123.
DATA-DRIVEN ANALYSIS OF RACIAL AND ETHNIC 
DIFFERENCES IN REPORTED PAIN

AUTHORS: J. A. Caballero1, D. Ruau2, A. J. Butte3; 

AFFILIATION: 1Anesthesiology, Perioperative and Pain 
Medicine, Stanford University School of Medicine, Palo Alto, 
CA, 2Cambridge Institute for Medical Research, University of 
Cambridge, Cambridge, United Kingdom, 3Pediatrics - Systems 
Medicine, Stanford University School of Medicine, Palo Alto, CA.

INTRODUCTION: The growing problem of pain in America 
is compounded by health disparities in pain assessment and 
PDQDJHPHQW�� 3ULRU� HIIRUWV� WR� GH¿QH� WKH� VFRSH� RI� SDLQ� GLVSDULWLHV�
have generally focused on the role of race and ethnicity in a single 
disease, symptom, clinical setting, or patient population. No study, 
however, has broadly evaluated the association of race and ethnicity 
in reported pain.

METHODS: In this single-center study we use existing data-driven 
methods to analyze 199,069 clinical encounters representing visits 
from 84,821 patients to examine the association between race, 
ethnicity, and initial pain scores across a broad range of primary 
diseases and presenting symptoms.

RESULTS: In a multivariate logistic regression model including 
terms for age, gender, race, and ethnicity, Black (OR 1.46, 95% CI 
1.40-1.53, P < 0.001), American Indian (OR 1.57, 95% CI 1.29-1.90, 
P < 0.001), and Hispanic (OR 1.38, 95% CI 1.34-1.43, P < 0.001) 
patients were more likely to report pain than their White and Non-
Hispanic counterparts. Asian race and male gender were associated 
with a lower likelihood of reporting moderate-to-severe pain.

CONCLUSIONS: Our results demonstrate that reported pain 
differs by race and ethnicity independent of primary disease or 
presenting symptom. This study adds context to the growing body 
of literature describing the impact of gender, race, and ethnicity on 
acute pain management. By demonstrating that Black, American 
Indian, and Hispanic patients report higher initial pain, this study 
suggests that previously reported disparities in pain are, at least in 
SDUW��LQÀXHQFHG�E\�UDFLDO�DQG�HWKQLF�GLIIHUHQFHV�LQ�UHSRUWHG�SDLQ�
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AMERICAN SOCIETY OF ANESTHESIOLOGISTS (ASA) 
PHYSICAL STATUS CLASSIFICATION PREDICTS 
LENGTH OF STAY IN PATIENTS UNDERGOING ROBOTIC 
ASSISTED LAPAROSCOPIC PROSTATECTOMIES

AUTHORS: R. LaCivita1, P. Gupta1, A. Schulman2

AFFILIATION: 1Anesthesiology, Maimonides Medical Center, 
Brooklyn, NY, 2Urology, Maimonides Medical Center, Brooklyn, NY

INTRODUCTION: Robotically assisted laparoscopic radical 
prostatectomies (RALRP) offer several advantages to patients 
including earlier ambulation, decreased pain and a quicker post 
operative recovery. In our institution most patients are discharged 
on post operative day 1 following RALRP. Our goal was to look at 
preoperative factors that predicted length of stay.

METHODS: A retrospective review of all RALRP by a single 
surgeon between July 1, 2009 and December 31, 2010 was performed. 
We used generalized linear modeling with SAS statistical software 
to examine the relationship between length of stay and preoperative 
and perioperative factors. Preoperative clinical variables included 
age, body mass index, American Society of Anesthesiologists 
�$6$��SK\VLFDO� VWDWXV� FODVVL¿FDWLRQ�� KHPRJORELQ�� KHPDWRFULW�� DQG�
creatinine. Perioperative parameters included trendelenberg time, 
LQWUDRSHUDWLYH� LQWUDYHQRXV� ÀXLGV� DQG� SRVW�RSHUDWLYH� SDLQ� VFRUH��
Univariate and multivariate analyses were performed.

RESULTS: The cohort included 95 cases of RALRP. The majority 
of patients (n=82) were discharged home on post operative day 1, 
while the remainder of cases (n=13) stayed for greater than one 
day (range 2-7 days). On univariate analysis, two factors were 
VLJQL¿FDQWO\� FRUUHODWHG� ZLWK� /26�� $6$� 6FRUH� �S� ��������� DQG�
preoperative hemoglobin (p = 0.03). On multivariate analysis, ASA 
VFRUH��S� ��������UHPDLQHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

CONCLUSIONS:�,Q�RXU�FRKRUW��$6$�SK\VLFDO�VWDWXV�VLJQL¿FDQWO\�
LQÀXHQFHG� OHQJWK� RI� VWD\� IROORZLQJ� 5$/53�� %DVHG� RQ� WKLV� GDWD��
patients with greater ASA physical status should be optimized prior 
to surgery and may require more intensive post operative care.

'HVFULSWLYH�7DEOH�RI�6LJQL¿FDQW�3UHGLFWRUV�RI�/26

Factor LOS = 1 
Day

LOS > 1 
Day

p-value

ASA Score 1 8 (10 %) a 0 < 0.001 (< 
0.001) b

2 67 (82 %) 11 (85 %)

3 7 (8 %) 2 (15 %)
afrequency (%) bunivariate p-value (multivariate p-value)  
Descriptive preoperative and intraoperative characteristics.  
[mean (s.d.)]

Factor LOS = 1 (n=82) LOS>1 (n=13)

Age 59.4 (7.3) 57.4 (7.9)

BMI 28.4 (4.2) 26.9 (3.4)

Hemoglobin 14.3 (1.4) 13.9 (1.5)

Creatinine 0.96 (0.2) 1.03 (0.2)

ASA Physical Status 1.99 (0.4) 2.15 (0.4)

Trendelenburg time 
(min)

179.7 (32) 186.2 (31.4)

IV Fluids (ml) 1883 (524.6) 1815 (651.7)
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WOMEN’S INTEREST IN ANESTHESIOLOGY RESIDENCY: 
THE EFFECT OF THE EIGHTY-HOUR WORK RULE 

AUTHORS: G. P. Joshi1, E. Ozayar2, E. B. Rosero1

AFFILIATION: 1Anesthesiology and Pain Management, 
University of Texas Southwestern Medical Center, Dallas, TX, 
2Anesthesiology and Reanimation, Ankara Keçiören Training and 
Resarch Hospital, Ankara, Turkey

INTRODUCTION: Currently, women represent about 50 % of 
medical student graduates. However, some specialties still have low 
representation of female trainees1,2. The number of hours worked 
SHU�ZHHN�GXULQJ� UHVLGHQF\�PD\�EH� RQH� RI� WKH� IDFWRUV� LQÀXHQFLQJ�
residency choice among women. The aim of the study was to assess 
the effect of the implementation of the 80-hour work restrictions 
mandated by Accreditation Council for Graduate Medical Education 
(ACGME) in 2003 on enrollment of women in anesthesiology and 
other specialties characterized as high intensity work-hour during 
residencies.

METHODS: The number of residents and the proportion of women 
enrolled in specialty residency programs in the USA between 1997 
and 2011were obtained from reports from the National Graduate 
Medical Education Census on physicians enrolled in programs 
accredited by the ACGME. Specialties characterized as high-
intensity work-hour residencies such as anesthesiology, general 
surgery, and emergency medicine, were selected for the study. The 
combined resident workforce, (pool of residents enrolled in all the 
specialties combined) was used as a comparison group. Differences 
in trends of enrollment of women before and after 2003 were 
assessed using linear regression tests and analyses of covariance. P 
values are presented to assess differences in the slopes representing 
the rate of change in enrollment of women before vs. after 2003.

RESULTS:� 7KHUH� ZHUH� VLJQL¿FDQW� LQFUHDVHV� LQ� WKH� UDWH� RI�
enrollment of women in anesthesiology, general surgery, and 
emergency medicine after 2003 (Figure). The proportion of female 
residents in anesthesiology increased at a rate close to 0% per 
year, from 26.6% to 27.2%, between 1997 and 2003. After 2003, 
in contrast, female residents in anesthesiology increased at an 
average rate of 1.23% per year, becoming 36.6% of the residents 
in 2011 (P for difference in slopes = 0.002). Women in general 
surgery programs increased at an annual rate of 0.90% between 
1997 and 2003 (from 20.5% to 25.4%) and at a higher annual rate 
of 1.54% after 2003 (P =0.0001), reaching a proportion of 36.8% 
in 2011. Similarly, the rate of enrollment of women in emergency 
medicine increased from 0.43% per year between 1997 and 2003 
(from 27.6% to 32.1%) to 1.22% per year between 2003 and 2011, 
when they represented 39.4% of all the residents (P =0.004). The 
rate of change in proportion of women in the combined resident 
workforce remained stable throughout the study period with women 
representing 36.4% of all the residents in 1997 and 40.9% in 2003, 
for an annual increase of 0.72%. In 2011 women represented 46.3% 
of the combined resident workforce, for an increase rate of 0.68% 
per year between 2003 and 2011 (P =0.521).

CONCLUSIONS: This study suggests that the 80-hour rule 
implemented in 2003 has contributed to improving the interest of 
women in specialties characterized previously by longer working 
hours during residency training. Other factors affecting the under-
representation of women in some specialties need to be investigated.

REFERENCES:

1. Anesthesiology 2012; 117:243-51

2. Anesthesia & Analgesia 2006; 103:1209-1212
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VALIDATING A VETERANS AFFAIRS PERIOPERATIVE 
SURGICAL HOME: OPTIMIZING PATIENTS WITH 
CORONARY ARTERY DISEASE IN THE PREOPERATIVE 
CLINIC

AUTHORS: L. Yarmush

AFFILIATION: Anesthesiology, Houston VAMC, Houston, TX

INTRODUCTION: The American Society of Anesthesiologists 
(ASA) recently proposed the creation of the Perioperative Surgical 
Home (PSH) to provide high quality, patient-centric care from 
preoperative booking to postoperative dischargei.

The challenge now for anesthesiologists is to extend their medical 
knowledge into the preoperative period. This retrospective chart 
review was undertaken to validate how well anesthesiologists in the 
Anesthesiology Preoperative Clinic (APOC) optimize patients with 
coronary artery disease (CAD).

METHODS: With IRB approval, all patients presenting to APOC 
from January through June 2013 prior to outpatient, non-cardiac 
VXUJHU\� ZHUH� UHYLHZHG�� 3DWLHQWV� ZHUH� ULVN� VWUDWL¿HG� ZLWK� VWULFW�
adherence to published AHA/ACCF guidelinesii. Patients presenting 
with signs and/or symptoms of new or unstable CAD were deemed 
not optimized. They underwent stress testing scheduled by APOC. 
Patients who had high-risk results on stress testing were referred to 
the cardiology department for further workup.

RESULTS: A total of 2959 patients were seen in APOC during the 
review period. 38 patients were considered not optimized due to 
concern for CAD. 25 patients had a positive stress test (true positive), 
while 13 had a negative stress test (false positive). No patient in 
this group of 38 had a perioperative myocardial infarction (MI). 
2917 patients deemed optimized by APOC had no perioperative 
myocardial infarction (true negative) while only 4 patients deemed 
optimized by APOC had a perioperative MI (false negative). 
6HQVLWLYLW\� RI� D� GLDJQRVLV� RI� &$'�ZDV� ���� DQG� VSHFL¿FLW\� ZDV�
99%. Positive predictive value was 66% and negative predictive 
value was 99%. Positive likelihood ratio was 194 (110-340 95% 
CI). Negative predictive value was 0.14 (0.05-0.34 95% CI).

CONCLUSIONS: Patients with occult blockages of the coronary 
arteries and patients with known CAD who have asymptomatic 
progression of their disease are at risk for perioperative ischemiaiii. 
Using diagnostic acumen and following AHA/ACCF guidelines, 
$32&�VWDII�FRUUHFWO\�LGHQWL¿HG�SDWLHQWV�QHHGLQJ�IXUWKHU�FDUGLRORJ\�
evaluation. These numbers validate the anesthesiologist’s claim to 
be the physician providing preoperative medical optimization as 
part of the Perioperative Surgical Home.

i.  BMC Anesthesiology 2013, 13:6

ii.  J Am Coll Cardiol 2009, 54(22):e13-118

iii.  JAMA 2012, 307(21):2295-304
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DISCOVERY OF A FUNCTIONAL CYP2E1 EPITOPE WITH 
IMPLICATIONS IN THE PATHOGENESIS OF HEPATIC DILI 
AND INFECTION

AUTHORS: D. Njoku1, D. Thomas2, A. Vakos2, J. Mantilla2, 
L. Santhanam2, N. Rose3, D. Njoku1

AFFILIATION: 1ACCM, Pediatrics and Pathology, Johns 
Hopkins University, Cockeysville, MD, 2ACCM, Johns Hopkins 
University, Baltimore, MD, 3Pathology, Medical Microbiology and 
Immunology, Johns Hopkins University, Baltimore, MD

INTRODUCTION: CYP2E1 is a key enzyme in drug metabolism. 
CYP2E1 autoantibodies are a marker for immune-mediated-DILI 
�,P�',/,�� IURP�DQHVWKHWLFV�DQG�VHYHUH�QHFURLQÀPDWLRQ� LQ�FKURQLF�
hepatitis C (CHC). CYP2E1 epitopes that trigger autoantibodies 
remain elusive; moreover, we do not know whether CYP2E1 
epitope autoantibodies affect hepatocellular homeostasis as 
measured by alterations in enzyme activity or gross markers of 
mitochondrial stress. Our aim was to uncover CYP2E1 epitopes 
responsible for hepatitis and autoantibodies in anesthetic Im-DILI 
as well as autoantibodies in CHC and then determine whether anti-
CYP2E1 epitope autoantibodies alter hepatocellular homeostasis. 
We hypothesized that key CYP2E1 epitopes would be recognized 
by immune cells from experimental Im-DILI mice that had been 
LPPXQL]HG� ZLWK� OLYHU� SURWHLQV� FRYDOHQWO\� PRGL¿HG� E\� D� PRGHO�
WULÀXRURDFHW\O�FKORULGH�KDSWHQ��7)$��

METHODS: We tested 15-18 mer CYP2E1 candidate epitopes 
for recognition by sera from patients with anesthetic Im-DILI 
and CHC, and then assessed for H2-Ad recognition using H2-Ad 
DO11.10 T cell hybridomas or H2-Ed recognition using splenocyte 
proliferation assays from anesthetic DILI-modeled BALB/c mice. 
Hepatitis, cytokines and antibodies were assessed following 
epitope immunizations to BALB/c mice. Hepatocyte homeostasis 
was measured using Vivid® CYP2E1 Blue screening platform, 
HepaRG™�FHOOV�LQ�FXOWXUH��ÀXRUHVFHQW�ODEHOHG�HSLWRSH�DQWLERG\�DQG�
CellRox®Deep Red reagent (Life Technologies).

RESULTS: One epitope (JHDN5) induced proliferation in 
splenocytes from BALB/c mice in vitro that had been immunized 
ZLWK� 7)$�DOWHUHG� OLYHU� SURWHLQV� �S�������� ,J*�� VXEFODVV�VSHFL¿F�
JHDN5 autoantibodies were detected by ELISA in sera from 
anesthetic DILI (p<0.05) and CHC patients (p<0.001). TFA-altered 
-+'1���LQGXFHG�VLJQL¿FDQW�,/����OHYHOV�LQ�VSOHHQV�IURP�LPPXQL]HG�
PLFH�DIWHU���ZHHNV�DV�ZHOO�DV�SURLQÀDPPDWRU\�F\WRNLQHV��KHSDWLWLV��
TFA and CYP2E1 antibodies in BALB/c but not IL-4 -/- mice 
by 3 weeks (p< 0.05). JHDN5 antisera (JHDN5Ab) inhibited 
CYP2E1 microsomal activity up to 50% in vitro. AlexaFluor488-
labeled JHDN5Ab co-localized with the endoplasmic reticulum 
and mitochondria in hepatocytes in vitro suggesting that JHDN5 
autoantibodies may directly inhibit CYP2E1 activity or indirectly 
by altering mitochondrial homeostasis. JHDN5Ab induced 
mitochondrial stress detected by CellRox® detection in hepatocytes 
cultured in vitro.

CONCLUSIONS: Prior studies demonstrated critical relationships 
between IL-4 and CYP2E1. Diminished CYP2E1 activity has been 
demonstrated in anesthetic Im-DILI patients but not consistently in 
&+&��7KLV�LV�WKH�¿UVW�GHPRQVWUDWLRQ�RI�D�FRPPRQ�&<3�(��HSLWRSH�
in anesthetic DILI and CHC that induces hepatitis and antibodies 
LQ� PLFH� DV� ZHOO� DV� WKH� ¿UVW� GHPRQVWUDWLRQ� RI� GLPLQLVKHG� KHSDWLF�
CYP2E1 enzymatic activity induced by JHDN5Ab in vitro that 
may explain diminished CYP2E1 activities in some patients. These 
¿QGLQJV�PD\�KDYH�LPSOLFDWLRQV�LQ�GUXJ�PHWDEROLVP�GXULQJ�KHSDWLF�
pathological states.

S-129.
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ENOLATE-FORMING COMPOUNDS PROVIDE 
HEPATOPROTECTION IN A MOUSE MODEL OF 
ACETAMINOPHEN TOXICITY.

AUTHORS: A. Vydyanathan1, B. Kosharskyy1, N. Shaparin1, 
L. Zhang1, R. LoPachin2, T. Gavin3

AFFILIATION: 1$QHVWKHVLRORJ\�DQG�3DLQ�0HGLFLQH��0RQWH¿RUH�
Medical center, New York, NY, 2Department of Anesthesiology, 
Albert Einstein College of Medicine, New York, NY, 3Department 
of Chemistry, Iona college, New Rochelle, NY

INTRODUCTION: We have shown previously1 that 1,3-dicarbonyl 
enols such as 2-acetylcyclopentanone (2-ACP) provide complete 
protection in a mouse model of acetaminophen (APAP) 
hepatototoxicity. This protection is based on the ability of 2-ACP 
to form a highly nucleophilic enolate that can scavenge N-acetyl-p-
benzoquinone imine (NAPQI), the toxic electrophile metabolite of 
APAP1,2. Resveratrol (red wine), phloretin (apple skins) and other 
plant-derived polyphenols are antioxidants (free radical scavengers) 
that also have enolate-forming enol moieties. To further investigate 
the enolate role in hepatoprotection, the respective abilities of 
resveratrol and phloretin to prevent APAP toxicity in mice were 
GHWHUPLQHG� DQG� FRPSDUHG� WR� WKH� KHSDWRSURWHFWLYH� HI¿FDFLHV� RI�
2-ACP and N-acetyl cysteine (NAC, Mucomyst™).

METHODS: Male C57BL/6N mice (20-25g) were divided into 
groups (n=12) based on corresponding treatment. Test compounds 
(2.4 mmol/kg) or vehicle (phosphate buffered PEG) were administered 
by the intraperitoneal (ip) route 20 minutes prior to oral APAP (500 
mg/kg). For all groups, survival was assessed over 7 days post-APAP 
and indices of oxidative stress (e.g., glutathione depletion) and liver 
cell death (e.g., serum ALT levels) were measured.

RESULTS: APAP-treated mice exhibited substantial lethality by 
GD\���������)LJ������ZKLFK�ZDV�DVVRFLDWHG�ZLWK�VLJQL¿FDQW�R[LGDWLYH�
stress and hepatocyte death. 2-ACP given ip provided complete 
protection against APAP-induced hepatotoxicity. Resveratrol by 
the same route provided modest hepatoprotection (~40% lethality 
at day 3), while phloretin and NAC were ineffective (Fig. 1). 
Corroborative studies (not shown) indicated that ip administration 
of 2-ACP (alone) was not toxic and provided dose-dependent 
protection (0.8 - 2.4 mmol/kg) against APAP hepatotoxicity. In 
contrast, ip phloretin administered alone over a broad dose-range 
(0.4-2.4 mmol/kg) was highly toxic and provided only limited 
protection against APAP hepatoxicity at 0.2 mmol/kg; i.e., 60% 
survival at day 7. Increasing the i.p. NAC dose-rate (4.8 - 7.2 mmol/
kg) was also toxic when given ip alone and, when administered with 
APAP, these doses accelerated hepatoxicity.

CONCLUSIONS: Results show that 2-ACP and resveratrol 
administered ip can provide hepatoprotection in an animal model 
of APAP poisoning, whereas NAC and phloretin were ineffective 
DQG� H[KLELWHG� GRVH�GHSHQGHQW� WR[LFLW\�� 7KHVH� ¿QGLQJV� VXJJHVW�
that enolate-forming compounds might be effective in treating 
acetaminophen poisoning and other hepatotoxic conditions 
involving conversion of parent compounds to reactive electrophilic 
intermediates; e.g., diclofenac.

Acknowledgement Research supported by NIH grant ES03830-26 
(to RL).

REFERENCES:

1. Zhang et al., J.Pharmacol. Exp. Ther. 346: 259-269, 2013.

2. LoPachin et al., J. Neurochemistry 116: 132-143, 2011.
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HYDROXYETHYL STARCH AND ACUTE KIDNEY INJURY 
IN ORTHOTOPIC LIVER TRANSPLANTATION: A SINGLE 
CENTER RETROSPECTIVE REVIEW

AUTHORS: W. R. Hand, J. R. Whiteley

AFFILIATION: Anesthesiology and Perioperative Medicine, 
Medical University of South Carolina, Charleston, SC

INTRODUCTION: Acute Kidney Injury (AKI) is a frequent 
complication of orthotopic liver transplantation (OLT).1 Colloids 
are routinely used to maintain intravascular volume during OLT. 
Recent evidence has implicated 6% hydroxyethyl starch (HES) 
(130/0.4) with AKI in critically ill patients.2 Since HES is still 
FRPPRQO\� XVHG�� ZH� ZLVKHG� WR� FRQ¿UP� ZKHWKHU� +(6� GRHV� OHDG 
to AKI.

METHODS: We performed a retrospective cross-sectional 
anal y sis of electronic anesthesia records, surgical dictations, 
and perioperative lab results. Postoperative AKI incidence was 
determined by RIFLE criteria. AKI was staged into Risk, Injury, 
and Failure based on change in serum creatinine from preoperative 
baseline to peak level by postoperative day 7. Uni- and multivariate 
analysis was used to evaluate the association between type of 
intraoperative colloid administered and AKI.

RESULTS: 174 adult patients underwent OLT and had complete 
records for review. Of these, 50 received only 5% albumin, 25 
received both 5% albumin and HES, and 99 received only HES. 
Albumin only, albumin and HES, and HES only groups were 
otherwise homogenous based on patient characteristics and 
LQWUDRSHUDWLYH�YDULDEOHV��7KHUH�ZDV�D�VWDWLVWLFDOO\�VLJQL¿FDQW�OLQHDU�
by linear association between type of colloid(s) administered and 
$.,� �5LÀH� &ULWHULD� �� ,QMXU\� 6WDJH��� 3DWLHQWV� DGPLQLVWHUHG� +(6�
were 3 times more likely to develop AKI within 7 days after OLT 
compared to albumin (adjusted odds ratio 2.94, 95% CI: 1.13-7.7, 
p=0.027). The linear association between colloidal use (5% albumin 
only vs. albumin/HES vs. HES only, ranked ordering) and “Injury” 
ZDV�VWDWLVWLFDOO\�VLJQL¿FDQW��S �������

CONCLUSIONS: Patients receiving 6% HES (130/0.4) had an 
increased risk of AKI compared to patients receiving 5% albumin 
GXULQJ� 2/7�� 7KHVH� UHWURVSHFWLYH� ¿QGLQJV� DUH� FRQVLVWHQW� ZLWK�
recent clinical trials that found an association between 6% HES 
(130/0.4) and renal injury in critically ill patients. HES should not 
be used during OLT. that developed acute kidney injury by the 
three designated RIFLE criteria (risk, injury and failure) based on 
intra-operative colloidal agent type. There was a linear association 
(p=0.048) between colloidal use and development of AKI. After 
adjusting for baseline confounding variables, patients that received 
HES were nearly three times more likely to develop AKI compared 
to those that received albumin (Adjusted Hazard Ratio 2.97, 95% 
CI: 1.13 - 7.7, p=0.027)

REFERENCES:

����$FXWH� NLGQH\� LQMXU\� IROORZLQJ� OLYHU� WUDQVSODQWDWLRQ�� GH¿QLWLRQ�
and outcome. Liver Transpl 15.5 (2009): 475-483

����+\GUR[\HWK\O�VWDUFK�RU�VDOLQH�IRU�ÀXLG�UHVXVFLWDWLRQ�LQ�LQWHQVLYH�
care. N Engl J Med 367.20 (2012): 1901-11

����$FXWH�UHQDO�IDLOXUH�GH¿QLWLRQ��RXWFRPH�PHDVXUHV��DQLPDO�PRGHOV��
ÀXLG� WKHUDS\� DQG� LQIRUPDWLRQ� WHFKQRORJ\� QHHGV�� WKH� 6HFRQG�
International Consensus Conference of the Acute Dialysis Quality 
Initiative (ADQI) Group. Crit care 8.4 (2004): R204

Figure 1: Percent of patients
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PERIOPERATIVE CYTOKINE PATTERNS IN CSF AND 
PLASMA DURING AND AFTER KNEE REPLACEMENT 
SURGERY

AUTHORS: J. Hirsch1, S. Vacas1, G. Meckler1, S. Newman1,  
J. Kramer2, M. Maze1, J. M. Leung1

AFFILIATION: 1Department of Anesthesia and Perioperative 
Care, UCSF, San Francisco, CA, 2Department of Neurology, 
UCSF, San Francisco, CA

INTRODUCTION: Postoperative Delirium has been associated 
with worsened functional and cognitive decline, and other adverse 
sequelae1-4, in particular in older patients5. Recent data in animal 
VWXGLHV� GHPRQVWUDWH� LQFUHDVHV� LQ� LQÀDPPDWRU\� PDUNHUV� LQ� VHUXP�
DQG�FHUHEURVSLQDO�ÀXLG��&6)��HYHQ�DIWHU�DVHSWLF�VXUJHU\��VXJJHVWLQJ�
WKDW�LQÀDPPDWLRQ�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP�PD\�EH�SDUW�RI�WKH�
pathogenesis of postoperative cognitive changes6-8. Mediators that 
KDYH�EHHQ�LGHQWL¿HG�LQFOXGH�,O��ȕ6,8��71)Į7 and IL-61,9.

METHODS:�:H�LQYHVWLJDWHG�WKH�K\SRWKHVLV�WKDW�QHXURLQÀDPPDWLRQ�
is an important cause for postoperative delirium after major non-
cardiac surgery. After IRB approval and informed consent, we 
included patients undergoing total knee arthroplasty, who received 
spinal anesthesia and femoral nerve block using convenience 
VDPSOLQJ�� 6SHFL¿FDOO\� IRU� WKH� VWXG\�� DOO� VWXG\� SDWLHQWV� KDG� DQ�
indwelling spinal catheter placed at the time of spinal anesthesia 
which was left in place for up to 24 hours for the sampling of CSF. 
Plasma and CSF samples were collected preoperatively and at 3h, 
6h and 18h postoperatively. Cytokine levels were measured using 
Enzyme Linked Immunosorbent Assays and Luminex. Postoperative 
delirium was measured using the Confusion Assessment Method 
�&$0��YLD�D�VWUXFWXUHG�SURWRFRO��0HDVXUHG�F\WRNLQHV�ZHUH�,)1Į��
DQG�,)1Ȗ��,/��ȕ��,/����,/����,O����,/����,/����DQG�,/���S����0&3���
0,3�Į�DQG�0,3�ȕ��DQG�71)Į�LQ�SODVPD�DQG�&6)�DQG�$P\ORLG�ȕ���
DQG�ȕ���DV�ZHOO�DV�5$*(�LQ�&6)�RQO\�

RESULTS: Eleven patients were studied. One patient developed 
postoperative delirium. Cytokine analysis was performed in 10 
patients with complete sample sets. We observed an universal 
LQFUHDVH�LQ�SURLQÀDPPDWRU\�F\WRNLQHV�LQ�SDUWLFXODU�LQ�&6)��7DEOH�
1 and 2). In the patient with delirium a persistence of the increase in 
SUR�LQÀDPPDWRU\�F\WRNLQHV�,/����,/����0&3��ZDV�REVHUYHG�LQ�WKH�
&6)��ZKLOH�WKH�HDUO\�DQWL�LQÀDPPDWRU\�,/����UHVSRQVH�ZDV�PLQLPDO�
(Table 2).

CONCLUSIONS: In this pilot study, alterations in cytokine courses 
ZHUH�LGHQWL¿HG��7KLV�LQGLFDWHV�VXEVWDQWLDO�SUR�DQG�DQWL�LQÀDPPDWRU\�
activity in the central neural system during aseptic surgery. The 
data on individual cytokines may provide a starting point for future 
research to diagnose and possibly treat surgery-induced cognitive 
changes. In particular, CSF IL-6, IL-8 and MCP-1 levels had inter-
individually highly variable courses in the perioperative period and/
or were altered in the patient who developed postoperative delirium.

REFERENCES:

1. Vacas S. Anesthesiology. 2013.

2. Ely EW. JAMA. 2004;291(14):1753.

3. Milbrandt EB. Crit Care Med. 2004;32(4):955.
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MEASUREMENT OF THE GASOTRANSMITTER 
HYDROGEN SULFIDE IN HUMANS USING THE 
FLUORESCENT MOIETY DANSYL AZIDE

AUTHORS: N. Collins

AFFILIATION: Anesthesiology, FAHC/UMV, Burlington, VT

INTRODUCTION: Gasotransmitters are endogenously made, 
biologically active gases with unique physiologic properties. 
At present the best studied gasotransmitters are the inorganic 
compounds nitric oxide (NO), carbon monoxide (CO), and hydrogen 
VXO¿GH��+�6���$V�VPDOO�PROHFXOHV�WKHVH�DJHQWV�DUH�LQQDWHO\�KLJKO\�
permeable to the cell membrane and both directly, and indirectly, 
modify cellular activities. Furthermore synthesis and degradation 
is rapid and discrete when compared to larger molecular agents; 
characteristics that explain much of their exhibited temporal and 
VLWH�VSHFL¿FLW\�

While NO has been studied for decades the endogenously made 
gases CO and H2S have only more recently been appreciated as 
agents purposefully synthesized by organisms for physiologic 
purposes. In particular the elucidation of the relationship between 
CO and H2S in regulation of the hypoxic respiratory drive has 
RIIHUHG�YDOXDEOH�LQVLJKW�LQWR�WKH�ZD\�WKDW�WKLV�QHXURFKHPLFDO�UHÀH[�
functions. Extrapolation into localized hypoxic response is now an 
DUHD�RI�DFWLYH�UHVHDUFK�LQ�WKH�¿HOG�

2I� WKH� WZR� JDVHV�PRVW� GLUHFWO\� DVVRFLDWHG�ZLWK� FRQ¿QHG� K\SR[LF�
tissue response H2S appears to be the primary vasodilator while CO 
acts as a tonic vasoconstrictor and modulator of H2S synthesis. The 
vasodilatory properties of H2S, in conjunction with the molecules’ 
reductive capacity and short half-life, make it an intriguing and 

challenging target for monitoring. To this end a number of direct 
and indirect methods have been proposed, all with variable results 
DV� UHJDUGV� HVWLPDWLRQ� RI� VSHFLHV�VSHFL¿F� EDFNJURXQG� DFWLYLW\�
and sensitivity of the model to detect change. Reliable human 
in vivo methodology for H2S activity has in particular been 
poorly described.

METHODS: Initial protocol development was performed on serum 
collected at room air from a single volunteer. Internal standards of 
1D�6[�+�2�ZHUH�DSSOLHG�WR�VHUXP�DOLTXRWV�ORDGHG�ZLWK����ȝPRO�
GDQV\O� D]LGH� DQG� VXEPLWWHG� WR� ÀXRUHVFHQFH� UHDGLQJV� �H[FLWDWLRQ�
340nm, emission 517nm). Once correlation between internal 
VWDQGDUGV� LQ� KXPDQ� VHUXP� KDG� EHHQ� YHUL¿HG� D� SLORW� SURMHFW� ZDV�
proposed. This ongoing pilot project consists of ten healthy male 
volunteers who breathe room air, hypoxic (15% oxygen, 85% 
nitrogen), and hyperoxic (100%) gas mixtures on a non-rebreather 
system until equilibrated. Venous whole blood samples are collected 
at each oxygen sampling and treated as described in the protocol 
development.

RESULTS:�3UHOLPLQDU\�¿QGLQJV�VKRZ�QRWDEOH�GLIIHUHQFHV�EHWZHHQ�
individual serum samples collected under variable oxygen exposure 
(Figure 1) and good response to internal standards (Table 1).

CONCLUSION: In order to study the role of H2S as a hypoxic 
responder in humans a reliable, robust, and safe protocol amenable 
WR�VWDQGDUG�KRVSLWDO�ODERUDWRU\�SURFHGXUHV�LV�QHHGHG��7KH�ÀXRUHVFHQW�
moiety dansyl azide was chosen for this study due to its simple 
V\QWKHVLV� DQG� HDVH� RI� XVH�� 7KRXJK� VWLOO� XQGHUZD\� LQLWLDO� ¿QGLQJV�
IURP�RXU�SLORW�SURMHFW�VKRZ�PHDVXUDEOH�GLIIHUHQFHV�LQ�ÀXRUHVFHQFH�
between the tested oxygen states, suggesting that this protocol may 
prove useful in the study of hypoxic response in humans.
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S-137.
EFFECTS OF ISOFLURANE ON THALAMO-CORTICAL 
AND CORTICO-CORTICAL TRIGGERED UP STATES IN 
MURINE BRAIN SLICES 

AUTHORS: A. Raz1, H. Hentschke2, B. M. Krause3, S. M. Grady1, 
M. I. Banks1

AFFILIATION: 1Anesthesiology, University of Wisconsin - 
Madison, Madison, WI, 2Anesthesiology, University Hospital of 
Tubingen, Tubingen, Germany, 3Neuroscience Training Program, 
University of Wisconsin - Madison, Madison, WI

INTRODUCTION: Loss of consciousness under volatile 
anesthetics is likely mediated via direct actions on the cortico-
thalamic network. The molecular targets of these agents are well 
described, and end effects on cortically mediated behaviors 
are similarly well known, but how these agents alter activity 
at the network level is unclear. Previous studies suggest that 
these mechanisms may be related to depression of the thalamic 
activity, impairment of the cortical information integration ability, 
preferential inhibition of cortical feedback connectivity, or a 
combination of these. Little is known about the effects of anesthetics 
at the level of the cortical network. A well-known component of the 
cortical network activity is the UP state. UP states are all-or-none, 
propagating bouts of network activity that appear during sleep and 
anesthesia. UP states can be triggered and studied in brain slices, and 
may reveal the complex interaction of multiple neurons throughout 
WKH�FRUWLFDO�OD\HUV��:H�FRPSDUHG�WKH�HIIHFWV�RI�LVRÀXUDQH��,62��RQ�
UP states triggered by either thalamocortical (TC) or corticocortical 
(CC) stimulation in a TC brain slice.

METHODS: The study was approved by the institutional animal 
care and use committee. Acute auditory TC brain slices were 
prepared from 4-13 week-old mice. Afferent stimuli were applied 
using bipolar tungsten electrodes either at the superior thalamic 
radiation, just rostral to the hippocampus (TC) or in layer 1 or 2 
(L1/2) of neocortex, 0.5 - 1 mm caudal to the recording site in 
DXGLWRU\� FRUWH[� �$&[�� &&��� /RFDO� ¿HOG� SRWHQWLDOV� �/)3V�� DQG�
multiunit activity (MUA) were recorded using multielectrodes (16 
VKDQNV�����ȝP�VSDFLQJ����VLWH�VKDQN��RULHQWHG�HLWKHU�SHUSHQGLFXODU�
WR�WKH�SLDO�VXUIDFH�WR�HVWLPDWH�WKH�ODPLQDU�SUR¿OH�RI�WKH�83�VWDWHV��RU�
rostro-caudally in L5 of ACx, to measure the lag time, propagation 
DQG�¿ULQJ�UDWH�RI�WKH�83�VWDWHV��,62�ZDV�GLVVROYHG�LQ�WKH�D&6)�DQG�
bath applied to the slice. Propagation velocity was computed from 
WKH�OLQHDU�¿W�RI�WKH�ODJ�WLPH�YV��GLVWDQFH�DORQJ�WKH�KRUL]RQWDO�DUUD\�

RESULTS: TC and CC afferent stimulation reliably evoked UP 
states in all slices following both TC and CC stimulation. For 
HDFK�VOLFH�ERWK�VWLPXOL�OHG�WR�83�VWDWHV�ZLWK�VLPLODU�¿ULQJ�UDWH�����
170Hz) and duration (100-350ms). UP states usually originated in 
L5 and spread to L2/3, and propagated several millimeters along the 
OD\HUV�DW�D�UDWH�GHSHQGHQW�RQ�VWLPXOXV�,QWHQVLW\��UDQJH��������ȝP�
ms). ISO (0.1 - 0.5%) increased the threshold for evoking UP states 
in a dose dependent manner. It slowed the horizontal propagation, 
DQG�GHFUHDVHG�WKH�¿ULQJ�UDWH�RI�ERWK�7&�DQG�&&�LQGXFHG�83�VWDWHV��
UP state latency following TC stimulation was always prolonged, 
whereas following CC stimulation it could be either prolonged or 
shortened. The threshold to induce UP states by CC stimulation 
ZDV� VLJQL¿FDQWO\�PRUH� VHQVLWLYH� WR� ,62� WKHQ�7&� VWLPXODWLRQ��&&�
stimulation could not elicit Up states even at low doses of ISO.

CONCLUSIONS: ISO suppresses and slows UP state activity in 
cortical networks. Initiation of UP states by CC stimulation was 
very sensitive to ISO, suggesting a strong effect of ISO on long 
range CC and not TC connections.

S-138.
MAXIMUM DAILY SODIUM IS A PREDICTOR OF 
ACUTE KIDNEY INJURY IN PATIENTS FOLLOWING 
SUBARACHNOID HEMORRHAGE

AUTHORS: A. B. Kumar1, M. Shotwell2, Y. Shi2, J. Richards1, 
J. M. Ehrenfeld3

AFFILIATION: 1Anesthesia and Critical Care, Vanderbilt 
University, Nashville, TN, 2Biostatistics, Vanderbilt University, 
Nashville, TN, 3Anesthesiology, Vanderbilt University, 
Nashville, TN

BACKGROUND: Hypertonic saline therapy is often used in 
critically ill SAH patients for indications ranging from control of 
intracranial hypertension to managing symptomatic hyponatremia. 
The risk factors for developing AKI in this patient population are 
QRW� ZHOO� GH¿QHG�� HVSHFLDOO\� WKH� UROH� RI� VRGLXP� WKHUDSHXWLFV� RQ�
kidney function.

SPECIFIC AIM: To study the role of serum sodium and risk for 
GHYHORSLQJ�$.,��EDVHG�RQ�WKH�QHZ�YDOLGDWHG�GH¿QLWLRQ��LQ�WKH�6$+�
population admitted to a large academic neurocritical care unit.

METHODS: This is an IRB-approved, retrospective cohort study 
of patients admitted to a tertiary academic neurologic intensive care 
unit. The patient cohort included adult (age>18Y) patients admitted 
to the Neurocritical care unit following SAH who were admitted for 
more than 72 hrs. Development of AKI after admission to the ICU 
ZDV�GH¿QHG�XVLQJ� WKH�$.,1�VHUXP�FUHDWLQLQH�FULWHULD�EHWZHHQ����
hours and 14 days following admission. A Cox proportional hazards 
survival model with multiple time varying covariates was developed 
to evaluate the effect of maximum sodium exposure on the risk of 
AKI. Sodium exposure was captured as the running maximum daily 
serum sodium concentration (mEq/L). Sodium exposure was used 
as a surrogate for hypertonic saline therapy.

RESULTS:� 7KH� ¿QDO� FRKRUW� RI� SDWLHQWV� LQFOXGHG� ���� DGXOWV�
admitted to the neurosciences ICU between 2006-2012. The number 
of patients who developed AKI was 64 (9%). Patients in the AKI 
cohort had an increased length of stay (15.6 ± 9.4 vs. 12.5 ± 8.7) 
and risk of death. The odds of death were more than two fold 
greater among patients who developed AKI (odds ratio 2.33 95% 
CI 1.27, 4.3).

6RGLXP� H[SRVXUH�ZDV� VLJQL¿FDQWO\� DVVRFLDWHG�ZLWK� WKH� KD]DUG� RI�
developing AKI, adjusting for age, sex, preexisting renal disease, 
diabetes mellitus, count of radiocontrast exposures, number of days 
on mechanical ventilation, and Glasgow Coma Scale score. For each 
1mEq/L increase in the running maximum daily serum sodium, the 
hazard of developing AKI was increased by 5.4% (95% CI 1.4, 9.7).

CONCLUSION: The running maximum daily sodium (surrogate 
IRU� K\SHUWRQLF� VDOLQH� WKHUDS\�� LV� D� VLJQL¿FDQW� ULVN� IDFWRU� IRU�
developing AKI in an otherwise low risk patient population.
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S-139.
NITROUS OXIDE-INDUCED SLOW AND DELTA 
OSCILLATIONS

AUTHORS: K. J. Pavone, O. Akeju, A. L. Sampson, K. Ling, 
P. L. Purdon, E. N. Brown

AFFILIATION: Anesthesia, Critical Care and Pain Medicine, 
Massachusetts General Hospital, Boston, MA

INTRODUCTION: Characterizing the electroencephalogram 
(EEG) activity in healthy volunteers receiving nitrous is challenging 
EHFDXVH�FRQFHQWUDWLRQV�RI�����RU�JUHDWHU�LQGXFHV�VLJQL¿FDQW�QDXVHD�
and emesis.1 However switching from ether anesthetic to nitrous 
oxide is a common practice used to facilitate emergence from 
general anesthesia (GA) in the operating room. Since the transition 
from ether anesthetic to nitrous oxide is associated with a switch 
in the mechanisms and sites of drug action, it provides an avenue 
to explore the EEG signatures associated with nitrous oxide-
mediated hypnosis.

METHODS: This retrospective observational study was approved 
by the Human Research Committee at MGH. We reviewed our 
GDWDEDVH� RI� DQHVWKHVLD� DQG� ((*� UHFRUGLQJV� DQG� LGHQWL¿HG� ���
VXEMHFWV� ZKR� UHFHLYHG� D� FRQYHUVLRQ� IURP� VHYRÀXUDQH� WR� QLWURXV�
oxide (60-70%) during routine surgery. EEG activity was recorded 
using the Sedline monitor (Masimo, Irvine CA). GA was maintained 
ZLWK�VHYRÀXUDQH��R[\JHQ�DQG�DLU�DQG�LQWUDYHQRXV�QDUFRWLFV��Q ����RU�
ZLWK�VHYRÀXUDQH��R[\JHQ�DQG�DLU�DORQJ�ZLWK�HSLGXUDOO\�DGPLQLVWHUHG�
opioids with local anesthetics (n=3). The maintenance concentration 
RI�VHYRÀXUDQH�UDQJHG�IURP������WR������ZLWK�D�PHGLDQ�RI��������
For the duration of skin closure, nitrous oxide and oxygen were 
administered at approximately 7 and 3 liters per minute respectively 
DQG�WKH�VHYRÀXUDQH�FRQFHQWUDWLRQ�ZDV�GHFUHDVHG�WR�OHVV�WKDQ������
or turned off. We used multitaper spectral method to compare the 
((*�VLJQDWXUH�GXULQJ� VHYRÀXUDQH�DQHVWKHVLD� WR�KLJK�GRVH�QLWURXV�
oxide anesthesia.

RESULTS:�6HYRÀXUDQH�*$�ZDV�FKDUDFWHUL]HG�E\�DOSKD� ��� WR����
Hz) oscillations (Fig 1A). Following the transition to nitrous oxide, 
WKH� DOSKD� RVFLOODWLRQV� DVVRFLDWHG�ZLWK� VHYRÀXUDQH� GLVVLSDWHG�� DQG�
was replaced with large-amplitude slow (0.1-1 Hz) and delta (1-4 
Hz) oscillations (Fig 1B). The EEG power of the slow and delta 
RVFLOODWLRQV�HOLFLWHG�E\�QLWURXV�R[LGH�ZHUH�VLJQL¿FDQWO\�ODUJHU�WKDQ�
WKRVH� DVVRFLDWHG� ZLWK� VHYRÀXUDQH� �3� �� ����� IRU� ERWK�� :LOFR[RQ�
Test). We also found that there was no difference in EEG power 
of gamma (20-30 Hz) oscillations during the period when these 
large amplitude slow and delta oscillations were present (P > 0.05; 
Wilcoxon Test).

CONCLUSIONS: These observations differ from what is typically 
reported for nitrous oxide, namely a decrease in slow-delta wave 
activity with the higher frequency remaining constant.2 These 
REVHUYDWLRQV� DUH� WKH� ¿UVW� UHSRUW� RI� ODUJH� DPSOLWXGH� VORZ�GHOWD�
oscillations induced by high dose nitrous oxide administration. They 
VXJJHVW�D�GLIIHUHQW�PHFKDQLVP�DQG�EUDLQ�VWDWH�UHODWLYH�WR�VHYRÀXUDQH�
and lower doses of nitrous oxide. Further study of these oscillations 
may offer new insights into the neural circuit mechanisms of nitrous 
oxide and new strategies for managing emergence from GA.

REFERENCES:

1   Foster BL, Liley DT. Nitrous oxide paradoxically modulates 
slow electroencephalogram oscillations: implications for 
anesthesia monitoring. Anesthesia and Analgesia, 2011.

2   Foster BL, Liley DT. Effects of nitrous oxide sedation on resting 
electroencephalogram topography. Clin Neurophysiol, 2013.
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S-140.
DEVELOPMENT AND EVALUATION OF A TRAINING 
PROTOCOL FOR ASSESSING DELIRIUM AS AN 
OUTCOME IN CLINICAL TRIALS

AUTHORS: K. Escallier1, H. Maybrier2, B. A. Fritz1, Y. Chen1, M. 
R. Muench1, A. Ben Abdallah2, M. S. Avidan2

AFFILIATION: 1Anesthesiology, Washington University School 
of Medicine, Saint Louis, MO, 2Anesthesiology, Washington 
University School of Medicine, St. Louis, MO

INTRODUCTION: A challenge in conducting multicenter trials 
is ensuring the reliability of outcome assessments across sites.  
The lack of objective measures for certain outcomes impacts the 
feasibility of their inclusion in such studies. Postoperative delirium 
depends on clinician diagnosis, and is therefore vulnerable to 
subjective interpretation. Delirium is a common and costly1 

complication that warrants inclusion in perioperative studies. 
The Confusion Assessment Method (CAM)2 is based on key 
diagnostic criteria described in the DSM3��DFXWH�RQVHW�RU�ÀXFWXDWLQJ�
course, inattention, and disorganized thinking or altered level of 
consciousness) and has provided a reliable framework for delirium 
DVVHVVPHQW�� ,W� LV� ���� VHQVLWLYH� DQG� ���� VSHFL¿F� IRU� GHWHFWLQJ�
delirium, when used by an experienced evaluator.4 The goals of this 
study were to evaluate whether a structured CAM training protocol 
achieved reliable scoring and to identify areas for improvement.

METHODS: As part of a large, multicenter RCT led by our site 
(NCT01690988), we developed a methodology to train researchers 
to use the CAM to assess delirium. Lead researchers attended a one-
day seminar led by Dr. Sharon Inouye, the creator of the CAM. This 
seminar included instruction in conducting standardized, scripted 
patient interviews and in the scoring of the CAM. Lead researchers 
then instructed additional trainees. Trainees were required to 
conduct at least two satisfactory interviews in the presence of a lead 
researcher. Then, all researchers conducted a total of 35 practice 
interviews in rotating small groups or pairs, scoring each CAM 
independently, and then comparing and discussing reasons for 
discrepancies. To evaluate the success of the training process, all 
researchers were required to independently view and score nine 
videos of interviews of actors depicting delirious and non-delirious 
SDWLHQWV��:H�TXDQWL¿HG�RYHUDOO�DJUHHPHQW�RQ�WKH�SUHVHQFH�RU�DEVHQFH�
RI�GHOLULXP�XVLQJ�)OHLVV¶�NDSSD�VWDWLVWLF��:H�TXDQWL¿HG�DJUHHPHQW�RQ�
DOO�¿YH�NH\�FULWHULD�RI� WKH�&$0�XVLQJ� WRWDO�DJUHHPHQW�� WKH�NDSSD�
statistic, and concordance.

RESULTS: Eight raters independently viewed and scored nine 
patient scenarios. Overall agreement for the presence or absence 
of delirium (CAM +/-) was good (71.7%). Total agreement for the 
presence or absence of each of the key criteria of the CAM, across 
all scenarios, was also good (74%; kappa = 0.71, concordance 
= 0.84). When comparing raw scores, the majority of inter-
rater discrepancies were found in scores for two CAM criteria: 
disorganized thinking and altered level of consciousness.

CONCLUSION: With training and experience, researchers can 
reliably assess delirium using the CAM. Limitations in reliability 
were observed primarily in two domains of the CAM, which should 
be the focus of further rater training.

REFERENCES:

1   Lancet 2013; Pub online: http://dx.doi.org/10.1016/ S0140-
6736(13)60688-1

2. Ann Intern Med 1990;113:941-8.

3. DSM-V. American Psychiatric Association 2013.

4. J Am Geriatr Soc 2008; 56: 823–30.
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S-142.
IDENTIFICATION OF POTENTIAL TARGET PROTEINS 
LEADING TO REDUCED SURGICAL BLEEDING FROM 
PRETREATMENT OF SPRAGUE DAWLEY RATS WITH C. 
ATROX VENOM

AUTHORS: M. Barnhart1, R. Raval1, R. Applegate1, J. Zhang2

AFFILIATION:1Anesthesiology, Loma Linda University School 
of Medicine, Loma Linda, CA, 2Anesthesiology, Basic Science 
Division of Physiology, Loma Linda University, Loma Linda, CA

INTRODUCTION: The venom of the Western Diamondback 
rattlesnake, &URWDOXV� DWUR[, possesses cytotoxic, myotoxic, 
and hemorrhagic properties.1 The venom is known to include 
proteins in a few major families including serine proteases, zinc 
metalloproteases, L-amino oxidase and PLA2 as well as several non-
enzymatic proteins.2 These enzymatic and non-enzymatic toxins 
UHSUHVHQW� D� ODUJHO\� XQWDSSHG� VRXUFH� RI� WDUJHW�VSHFL¿F� ELRDFWLYH�
molecules which have great potential as therapeutic precursors in the 
clinical arena. Metalloproteases and serine proteases affect platelet 
DJJUHJDWLRQ�� EORRG� FRDJXODWLRQ�� DQG� ¿EULQRO\VLV�3 Snake venom 
PHWDOORSURWHDVHV�LQ�SDUWLFXODU�KDYH�EHHQ�VKRZQ�WR�VSHFL¿FDOO\�DOWHU�
¿EULQRJHQ�� JUHDWO\� UHGXFLQJ� LWV� DELOLW\� WR� IRUP� D� FORW�4 We have 
shown that rats preconditioned with 1/50 LD50 of &URWDOXV�DWUR[�
venom demonstrate decreased bleeding in a surgical brain injury 
model.5�:H�KDYH�DOVR�REVHUYHG�LQFUHDVHG�¿EULQRJHQ�OHYHOV�LQ�WKHVH�
preconditioned rats. Our current work is focused on identifying the 
VSHFL¿F�SURWHLQ�V��SUHVHQW�LQ�YHQRP�ZKLFK�DUH�UHVSRQVLEOH�IRU�WKHVH�
hematologic changes.

METHODS: Whole &URWDOXV�DWUR[ venom was separated into ten 
major fractions by size exclusion chromatography using a HiLoad 
16/60 Superdex 75 prep grade column (Figure 1).

The fractions were lyophilized, and then resuspended in phosphate-
buffered saline to a concentration of 8 mcg/ml. These fractions 
were run on SDS-PAGE and compared to both a standard molecular 
weight marker as well as published mass spectrometry data for C. 
atrox venom protein (Figure 2).

The fractions were then combined and incubated with whole 
human blood for measurement of coagulation parameters. These 
measurements were then compared to coagulation parameters of 
whole C. DWUR[ venom.

RESULTS: Both commercially available whole C. atrox venom and 
the combined fractions obtained by size exclusion chromatography 
displayed a particular pattern of activity as measured by coagulation 
parameters in whole human blood (Figure 3).

Initially clotting time was reduced and shortly thereafter clotting 
time was extended in a time dependent manner for both whole C. 
DWUR[ venom and the reconstituted combined fractions of venom.

CONCLUSIONS: The unique pattern of initial pro-coagulant and 
subsequent anti-coagulant effects observed with whole C. DWUR[�
venom have been shown to be consistent with combined fractions of 
venom isolated by size-exclusion chromatography and reconstituted 
in a biologic buffer. We have thus developed a framework for analysis 
of distinct fractions of venom with the ultimate goal of isolating the 
protein(s) which confer this effect, as well as determination of the 
protein(s) resulting in decreased surgical bleeding in the surgical 
brain injury model. Work to identify the active protein(s) is ongoing.

REFERENCES:

1. Campbell,JA; Lamar WW The Venomous Reptiles of the Western 
Hemisphere; Comstock Publishing (2009)

2. J. Proteome Res 2009; 8:3055

3. Pathophys Haemostasis Thrombosis 2005; 34: 200

4. Biophys J 2009; 96:2415

5. ASA Annual Meeting 2013; A1047
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S-143.
RELATIONSHIP OF AWAKE BISPECTRAL INDEX TO 
PREOPERATIVE MEMORY FORMATION

AUTHORS: R. L. Wagner1, M. Allain1, X. Zheng1, R. O’Hara2, 
P. O’Connor2, M. F. O’Connor2, D. Glick2

AFFILIATION: 1Pritzker School of Medicine, University of 
Chicago, Chicago, IL, 2Anesthesia and Critical Care, University of 
Chicago, Chicago, IL

INTRODUCTION:�$QHVWKHVLD�DZDUHQHVV�LV�D�UDUH�EXW�VLJQL¿FDQW�
complication of general anesthesia. As such, “awareness” monitors 
have been developed to target to the appropriate depth of anesthesia. 
One such monitor, the Bispectral Index (BIS) (Covidien) uses an 
algorithmically processed EEG and EMG to output a dimensionless 
integer ranging from 0 (no brain activity) to 100 (complete 
wakefulness). Initial studies indicated that BIS improved upon other 
anesthetic monitoring techniques in preventing awareness1, but 
subsequent studies have indicated that BIS is no better2 or worse3 

than control protocols. This study was designed to characterize 
whether BIS is correlated with a subject’s ability to form memories, 
a prerequisite for reporting awareness events, by assessing recall 
of words spoken to the subject in the preoperative time period. 
Additionally, BIS values and word recall relative to timing of 
midazolam administration were considered.

METHODS: Following IRB approval and informed consent, 
168 adult subjects were enrolled in the study. All subjects were 
undergoing procedures involving administration of preoperative 
midazolam prior to general anesthesia. BIS values were recorded 
DW�¿YH��WKUHH��DQG�RQH�PLQXWH�SULRU�WR�PLGD]RODP�DGPLQLVWUDWLRQ��DW�
WKH�WLPH�RI�DGPLQLVWUDWLRQ��DQG�DW�RQH��WKUHH�DQG�¿YH�PLQXWHV�SRVW�
DGPLQLVWUDWLRQ��$W� DOO� RI� WKHVH� WLPH�SRLQWV� H[FHSW� WKH�¿QDO� RQH�� D�
unique word was spoken and the subject was asked to remember the 
word. Word recall was assessed post-operatively and relationship of 
BIS to recall was analyzed via Wilcoxon Rank sum test.

RESULTS: Differences in BIS for subjects remembering versus 
QRW� UHPHPEHULQJ� D� ZRUG� ZHUH� VWDWLVWLFDOO\� VLJQL¿FDQW� �S�������
for three of the six words. These included the word spoken at 
midazolam administration (Word 4), and the words spoken one 
minute and three minutes after midazolam administration (Words 5 
and 6, respectively). Word 4 had lower average BIS values by one 
point for those recalling the word as compared to those not recalling 
the word. Words 5 and 6 had higher average BIS values for those 
recalling the words as compared to those not recalling the word 
by three and four points, respectively. For other words, there were 
QR� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFHV� LQ� %,6� VFRUHV��$FURVV� WLPH�
relative to midazolam administration, a small decrease in average 
BIS was seen one minute after midazolam administration, whereas a 
VLJQL¿FDQW�GHFUHDVH�LQ�SHUFHQWDJH�RI�VXEMHFWV�UHFDOOLQJ�D�ZRUG�EHJDQ�
one minute prior to midazolam administration.

CONCLUSIONS:� :KLOH� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFHV� LQ�
BIS were found for certain words recalled versus not recalled, 
WKHVH�UHVXOWV�GR�QRW�UHÀHFW�D�FOLQLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�LQ�%,6��
precluding its use to predict a subject’s ability to form memories in 
WKH�SUHRSHUDWLYH�VHWWLQJ��7KH�WHPSRUDO�¿QGLQJV�VXJJHVW�WKDW�PHPRU\�
formation may decline even before the administration of a pre-
RSHUDWLYH�VHGDWLYH��D�SKHQRPHQRQ�QRW�UHÀHFWHG�E\�D�VWDWLVWLFDOO\�RU�
FOLQLFDOO\�VLJQL¿FDQW�FKDQJH�LQ�%,6�

REFERENCES:

1. Lancet 2004; 363(9423):1757-63

2. NEJM 2008; 358(11):1097-108

3. NEJM 2011; 365(7):591-600
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S-144.
CRITICAL ROLE OF INFLAMMATORY CYTOKINES IN 
IMPAIRING BIOCEHMICAL PROCESSES FOR LEARNING 
AND MEMORY AFTER SURGERY IN RATS

AUTHORS: Z. Zuo

AFFILIATION: Anesthesiology, University of Virginia, 
Charlottesville, VA

BACKGROUND: Patients with postoperative cognitive dys-
IXQFWLRQ�KDYH�SRRU�RXWFRPH��1HXURLQÀDPPDWLRQ�LV�SURSRVHG�DV�WKH�
underlying pathophysiology for this dysfunction. We determined 
ZKHWKHU� SURLQÀDPPDRU\� F\WRNLQHV� DIIHFWHG� WKH� WUDI¿FNLQJ� RI�
Į�DPLQR���K\GUR[\���PHWK\O���LVR[D]ROHSURSLRQLF� DFLG� UHFHSWRUV�
to the plasma membrane, a fundamental biochemical process for 
learning and memory.

METHODS: Four-month-old male Fischer 344 rats were subjected 
WR� ULJKW� FDURWLG� H[SRVXUH� XQGHU� LVRÀXUDQH� DQHVWKHVLD�� 6RPH� UDWV�
received intravenous lidocaine infusion during anesthesia. Rats were 
tested two weeks later by Barnes maze. Hippocampus was harvested 
DW���K�DIWHU�WKH�VXUJHU\�IRU�:HVWHUQ�EORWWLQJ�RI�LQWHUOHXNLQ��,/���ȕ�RU�
IL-6. Hippocampal slices were prepared from rats 2 weeks after the 
surgery or hippocampal slices were from control rats. These slices 
were incubated with or without tetraethylammonium, an agent that 
FDQ� LQGXFH� ORQJ�WHUP� SRWHQWLDWLRQ�� IRU� GHWHUPLQLQJ� WUDI¿FNLQJ� RI�
*OX5���DQ�Į�DPLQR���K\GUR[\���PHWK\O���LVR[D]ROHSURSLRQLF�DFLG�
receptor subunit.

RESULTS: Surgery increased the time to identify the target box 
in the Barnes maze when tested 1 and 8 days after the training 
VHVVLRQV�� 6XUJHU\� LQFUHDVHG� ,/��ȕ� DQG� ,/��� LQ� WKH� KLSSRFDPSXV��
The tetraethylammonium-induced GluR1 phosphorylation and 
WUDI¿FNLQJ�ZDV�DEROLVKHG�LQ�WKH�KLSSRFDPSDO�VOLFHV�SUHSDUHG�IURP�
rats after surgery. These surgical effects were minimally affected 
by lidocaine. Incubation of control hippocampal slices with 
,/��ȕ� DQG� ,/��� DOVR� DEROLVKHG� WHWUDHWK\ODPPRQLXP�LQGXFHG 
*OX5��WUDI¿FNLQJ�

CONCLUSIONS: Our results suggest that surgery increases 
SURLQÀDPPDWRU\� F\WRNLQHV� WKDW� WKHQ� LQKLELWV�*OX5�� WUDI¿FNLQJ� WR�
lead to learning and memory impairment.

S-145.
HIPPOCAMPAL GABAERGIC FIELD POTENTIALS: A 
NOVEL HIGH THROUGHPUT SCREEN FOR GENERAL 
ANESTHETICS IN RAT

AUTHORS: J. Nie1, B. Sharma2, B. MacIver3, B. D. Heifets3

AFFILIATION: 1Biology, Stanford University, Stanford, CA, 
2School of Medicine, Luisiana State University Health Sciences 
Center, New Orleans, LA, 3Anesthesiology, Perioperative & Pain 
Medicine, Stanford University School of Medicine, Palo Alto, CA

INTRODUCTION: Concern for anesthetic toxicity is growing. 
It is vital that we can rapidly screen for safe, effective anesthetics 
with minimal adverse effects on cognition. At the cellular level, 
anesthetics alter the behavior of neurons, often by enhancing 
inhibitory signals through interactions with the GABAA receptor 
(GABAR). We describe a novel, high throughput method to directly 
measure a compound’s effect on aggregate GABAAR mediated 
inhibition within area CA1 of rat hippocampus, an area crucial for 
learning and memory, without the need for whole cell recordings. 
:H�IRXQG�WKHVH�¿HOG�LQKLELWRU\�SRVWV\QDSWLF�SRWHQWLDOV��I,363V��E\�
cutting brain slices to preserve coherent current sources and sinks, 
stimulating basket cell interneurons, and recording CA1 pyramidal 
cell hyperpolarization. We further isolated the fIPSP using NMDA 
and AMPA receptor antagonists to block excitatory transmission. We 
validated our assay with two common GABAergic anesthetics, and 
KDYH�EHJXQ�VFUHHQLQJ�FRPSRXQGV�LGHQWL¿HG�E\�LQ�VLOLFR�PHWKRGV�RI�
molecular docking and computational chemistry for their potential 
as anesthetics.

METHODS: 24-28 day old Sprague Dawley rats were anesthetized 
ZLWK�LVRÀXRUDQH�DQG�GHFDSLWDWHG��%UDLQV�ZHUH�VXEPHUJHG�LQ�FKLOOHG�
DUWL¿FLDO� &HUHEURVSLQDO� )OXLG� �D&6)��� ���� ȝP� WKLFN� VOLFHV� ZHUH�
cut and placed in aCSF, and bubbled with 95% O2 and 5% CO2. 
Field potentials were evoked through a bipolar tungsten stimulating 
electrode placed in the stratum pyramidale (SP) of the CA1 region. 
Recordings were conducted through a glass microelectrode 150 
ȝP�DZD\� LQ� WKH�63�RI�&$���'UXJV�XVHG� WR� LVRODWH� I,363V� LQFOXGH�
antagonists for the following receptors: d-APV (NMDA), NBQX 
(AMPA), kynurenic acid (AMPA, NMDA, Kainate). GABAergic 
GHSHQGHQFH� RI� WKH� I,363� ZDV� FRQ¿UPHG� E\� I,363� GLVDSSHDUDQFH�
in picrotoxin (GABAAR antagonist). The validity of the screen 
was tested on known anesthetics, propofol and midazolam. 
%HQ]RGLD]HSLQH�GHSHQGHQFH�RI�I,363�ZDV�WHVWHG�ZLWK�ÀXPD]HQLO�

RESULTS:�$� VLJQL¿FDQW� FKDQJH� LQ� WKH� PDJQLWXGH� RI� WKH� I,363�
is evident upon application of propofol. Application of low 
concentrations of propofol (1-5 um) produces a small increase in 
the size in the fIPSP (<5%), consistent with enhancement of phasic 
LQKLELWLRQ��,QWHUHVWLQJO\��ODUJHU�GRVHV�RI�SURSRIRO�����ȝ0��GHFUHDVHG�
WKH� I,363� VLJQL¿FDQWO\� ���������� FRQVLVWHQW� ZLWK� HQKDQFHG� WRQLF�
inhibition and net hyperpolarization of the slice. Midazolam, on 
the other hand, produced an enhancement of the fIPSP, suggesting 
a greater role of phasic inhibition in its anesthetic effect. In all 
FDVHV����ȝ0�SLFURWR[LQ�WKH�I,363�WR�WKH�OHYHO�RI�EDFNJURXQG�QRLVH�

CONCLUSIONS: The isolated fIPSP gives predictable, fast results 
with propofol and midazolam, and exhibits sensitivity to varying 
concentrations of these drugs. Thus, isolated fIPSPs allow for direct 
measurement of an anesthetic’s effect on GABAA transmission. 
Combining this fast, minimally invasive, neural population based 
approach affords a unique opportunity to assay multiple lead 
FRPSRXQGV�IRU�DQHVWKHWLF�HI¿FDF\� LQ�DQ� LQWDFW��ZHOO�FKDUDFWHUL]HG�
neural circuit with clear relevance to learning and memory.
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POST-DISCHARGE NAUSEA AND VOMITING AFTER 
ORTHOGNATIC SURGERY REMAINS FREQUENT 
DESPITE IMPLEMENTATION OF MULTIMODAL 
PROTOCOL EFFECTIVE IN REDUCING POST-OPERATIVE 
NAUSEA AND VOMITING

AUTHORS: J. Berry1, C. Brookes2, J. A. Anderson1, T. A. Turvey2, 
V. J. Kopp1

AFFILIATION: 1Anesthesiology, University of North Carolina, 
Chapel Hill, NC, 2Oral & Maxillofacial Surgery, UNC Hospitals, 
Chapel Hill, NC

INTRODUCTION: Post-operative nausea and vomiting (PONV) 
has received considerable attention in the anesthesia literature. Post-
discharge nausea and vomiting (PDNV) is less well understood 
and can result in readmission, wound complications, and patient 
dissatisfaction. The purpose of this study is to assess the impact of 
a multimodal protocol that has successfully decreased PONV on 
experience of PDNV after LeFort I osteotomy.

METHODS: Consecutive subjects undergoing LeFort I osteotomy 
with or without additional procedures at a single academic institution 
were recruited as the intervention cohort for an IRB-approved study. 
This cohort was managed with a multimodal antiemetic protocol 
including total intravenous anesthesia; prophylactic ondansetron, 
steroids, scopolamine, and droperidol; gastric decompression at 
surgery end; opioid-sparing analgesia; avoidance of morphine and 
FRGHLQH��SURNLQHWLF�HU\WKURP\FLQ��DQG�PLQLPXP����P/�NJ�ÀXLGV��
Consecutive subjects from a larger study who underwent similar 
procedures prior to protocol implementation formed the comparison 
group. Data were extracted from medical records. Data regarding 
occurrence of PDNV was derived from patient diaries Data were 
analyzed with Fisher’s Exact Test and Wilcoxon Rank Sum Test. 
3������ZDV�FRQVLGHUHG�VLJQL¿FDQW�

RESULTS: The intervention (n=70) and comparison (n=137) 
groups were similar in terms of gender (61% and 65% female, 
P=0.65), race (67% and 69% Caucasian, P=0.63), proportion of 
subjects with known risk factors for PONV (P=0.59), and percentage 
undergoing bimaxillary surgery (63% and 60%). Surgery time 
was over 180 minutes for more subjects in the intervention group 
�����YHUVXV������EXW�WKH�GLIIHUHQFH�ZDV�QRW�VLJQL¿FDQW��3 �������
3UHYDOHQFH�RI�321�ZDV�VLJQL¿FDQWO\�ORZHU�LQ�WKH�LQWHUYHQWLRQ�JURXS�
than the comparison group (26% versus 70%, P<0.0001). Incidence 
RI�329�ZDV�OLNHZLVH�VLJQL¿FDQWO\�ORZHU�LQ�WKH�LQWHUYHQWLRQ�JURXS�
(11% versus 29%, P=0.0056). Prevalence of PDNV, though, was 
unaffected by the protocol. PDN was reported by 71% of the 
intervention subjects and 60% of the comparison subjects (P 0.18). 
PDV was reported by 27% of the intervention subjects and 29% of 
the comparison subjects (P 0.79).

CONCLUSIONS: Modalities that successfully address PONV 
may fail to impact PDNV. Additional investigation into PDNV is 
merited.

REFERENCES:

Gan TJ, Meyer TA, Apfel CC. Society for ambulatory anesthesia 
guidelines for the management of postoperative nausea and 
vomiting. Anesth Analg 105:1615,2007 

Scuderi PE, James RL, Harris L, et al. Multimodal antiemetic 
management prevents early postoperative vomiting after outpatient 
laparoscopy. Anesth Analg 91:1408,2000 

Silva AC, O’Ryan F, Poor DB. Postoperative nausea and vomiting 
(PONV) after orthognathic surgery: A retrospective study and 
literature review. J Oral Maxillofac Surg 64:1385,2006 

White H, Black RJ, Jones M, Mar Fan GC. Randomized comparison 
of two anti-emetic strategies in high-risk patients undergoing day 
case gynaecological surgery. Br J Anesth 98:470,2007
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CARDIAC SAFETY OF SABER®BUPIVACAINE IN 
PATIENTS UNDERGOING ABDOMINAL SURGERY IN THE 
BESST TRIAL

AUTHORS: A. Fossa1, M. Zhou2, J. Morganroth3, D. Ellis4,  
C. T. Hartrick5, R. Watts6, T. J. Gan7

AFFILIATION: 1iCardiac Technologies, iCardiac Technologies, 
Rochester, NY, 2Statistics, iCardiac Technologies, Rochester, 
NY, 3ERT, ERT, Philadelphia, PA, 4Durect Corp., Durect Corp., 
Cupertino, CA, 5Department of Anesthesiology, William 
Beaumont Hospital, Troy, MI, 6Department of Anaesthesia, The 
Queen Elizabeth Hospital, Adelaide, Australia, 7Department of 
Anesthesiology, Duke University Medical Center, Durham, NC

INTRODUCTION: Bupivacaine is commonly used as a part of 
postsurgical multimodal pain management, but its use is limited 
by a short duration of action. SABER®-bupivacaine was developed 
to provide a sustained release formulation of bupivacaine for 
72 hours in order to maximize analgesia during the period of 
maximal postoperative pain. To evaluate any clinical evidence of 
cardiovascular-related bupivacaine systemic toxicity with SABER®-
bupivacaine treatment, cardiac safety was assessed in the phase 3 
Bupivacaine Effectiveness in SABER™ Surgical Trial (BESST).

METHODS: BESST was an international, multicenter, double-
EOLQG� WULDO� HYDOXDWLQJ� WKH� VDIHW\� DQG� HI¿FDF\� RI� 6$%(5��
bupivacaine 5 mL (660 mg) instilled into surgical wounds prior to 
closing. Eligible patients were randomized into 3 cohorts depending 
on surgical procedure; cohort 1 (n = 48) for open laparotomy 
(long incisions; mean, 20 cm); cohort 2 (n = 50) for laparoscopic 
cholecystectomy (small incisions; mean, 4 cm); and cohort 3 (n = 
207) for laparoscopic colectomy (medium incisions; mean, 8-9 cm). 
Control for cohorts 1 and 2 was bupivacaine HCl (150 mg); cohort 
3 was placebo controlled. Safety assessments included treatment-
emergent adverse events (TEAEs), laboratory monitoring, wound 
healing, vital signs, and physical exam. Cardiac safety was assessed 
by digital 12-lead Holter monitoring from 1 hour before surgery 
until 72 hours after surgery. A 24-hour baseline Holter was obtained 
on an ambulatory basis before surgery. ECGs and PK samples were 
taken before and 0.5, 1, 2, 4, 8, 12, 16, 24, 30, 48, and 72 hours after 
dose. ECGs extracted from the Holter recordings were assessed for 
changes in heart rate, RR, PR, QRS, QT, QTcF (Fridericia formula-
corrected QT interval), QTcB (Bazett corrected QT interval), QTbtb 
(QT beat-to-beat) and percentage QTbtb outliers. The primary ECG 
end point was SABER®-placebo -corrected baseline-adjusted effect 
RQ� 47F)� �ǻǻ47F)�� IRU� 6$%(5��EXSLYDFDLQH� LQ� FRKRUW� ��� 7KH�
UHODWLRQVKLS�RI�SODVPD�EXSLYDFDLQH�FRQFHQWUDWLRQ� WR�ǻǻ47F)�ZDV�
also evaluated in cohort 3. Bupivacaine plasma concentration was 
assessed via a validated liquid chromatography/mass spectrometry 
(LC-MS/MS) method.

RESULTS: Most patients reported at least 1 TEAE, most commonly 
gastrointestinal symptoms (nausea, vomiting, or constipation), 
likely to due to anesthetic, surgery, or opioid use. Cardiovascular 
and neurologic TEAEs were similar between treatments with no 
signs of bupivacaine toxicity. There were no consistent effects on 
any of the ECG intervals, including QTcF, observed in the Holter 
data. PK-PD modeling showed that SABER®-bupivacaine did 
QRW� SURORQJ� WKH� 47� LQWHUYDO� DV� WKH� VORSH� RI� WKH�ǻǻ47F)� YHUVXV�
EXSLYDFDLQH� FRQFHQWUDWLRQ� UHJUHVVLRQ� ZDV� HVVHQWLDOO\� ÀDW�� 1R�
proarrhythmic events were observed in any of the Holter recordings 
for all 3 cohorts.

CONCLUSIONS: SABER®-bupivacaine (5 mL instilled into a 
variety of abdominal surgical wounds) was well tolerated, with no 
evidence of systemic bupivacaine cardiac toxicity, no effect on ECG 
intervals, and no ventricular arrhythmias.
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CORTICAL RISK FACTORS RELATED TO SURGERY 
FROM ADNI DATABASE BLOOD AND IMAGING 
BIOMARKERS 

AUTHORS: R. P. Kline1, F. F. Cuadrado2, M. Haile3

AFFILIATION:1Anesthesiology, NYU Langone Medical Center, 
New York, NY, 2Anesthesiology, NYU Langone Medical Center, 
New York City, NY, 3Anesthesiology, New York University School 
of Medicine, New York, NY

INTRODUCTION: It has previously been reported, based on 
analysis of the Alzheimer’s Disease Neuroimaging (ADNI) database, 
that subjects who incidentally had surgery during their participation 
had more rapid hippocampal (hip) and gray matter atrophy in the 
interval between imaging visits when surgery occurred than controls. 
Furthermore, long term volume changes showed dependence on 
surgical type. We examined blood biomarkers (BMs) in these same 
ADNI surgical groups for impact on cortical volumes to identify 
prognostic factors for postoperative cognitive dysfunction (POCD).

METHODS: We selected 3 candidates (C reactive protein - CRP; 
Leptin; Interleukin 6 (IL-6)) from over 30 populated in ADNI, 
by examining dependence on gender, age, BMI, diagnosis (Dx), 
intracranial volume (ICV), ApoE4 gene status and each other. 
Depending on their distribution (all log transformed), we used 
ANOVA based analysis (T-Test, univariate, multivariate, Pearson 
correlation) or rank based methods. Principal component analysis 
was used to group biomarkers. IL-6 was converted to a 3 value 
categorical since ~1/3 of data points were below resolution. We used 
baseline BM values (prior to surgery).

RESULTS:� 7KH� JUHDWHVW� DWURSK\� ULVN� JURXSV� ZHUH� GH¿QHG� E\�
VXUJHU\� W\SH� �QRQ�RUWKRSHGLF��� OREHV� �WHPSRUDO��¿J������'[��0&,��
DQG�JHQRW\SH��$SR(� �ô�>��@��¿J�����$Q�LQGLFDWRU�RI�LQÀDPPDWLRQ�
infection, with marked elevation post surgery, CRP had an 
anomalous response (decrease) to Alzheimer’s progression. CRP 
had pronounced dependence on ApoE4 status (neg corr.;p=0.001), 
gender (F > M; p<0.05), education (yrs; p=0.009; neg. corr.), BMI 
(pos. corr., p<=0.005) and IL-6 (p=0.000). Dependence on Dx was 
QRW�VLJQL¿FDQW��S!�����LQ�WKH�SUHVHQFH�RI�DQ�$SR(��WHUP��6XEMHFWV�
later having non-orthopedic surgery showed elevated CRP vs. 
controls (p=0.02). Elevation of CRP among all surgical subjects 
�S �������ZDV� GXH� WR� IHPDOHV� �JHQGHUVXUJHU\� JURXS� LQWHUDFWLRQ��
S ������¿J����

A metabolic modulator, leptin had pronounced dependence on 
JHQGHU� �IHPDOHV�!�PDOH�� DQG�%0,� �S �������� DQG� LV� D� VLJQL¿FDQW�
covariate in cortical and Hip volume (with IL-6, diagnosis, and 
gender; p<0.01). It trends lower with Dx progression, and is reduced 
by surgery in a high risk (MCI; ApoE = 3/4) surgery group (p=0.001; 
¿J� ����$Q� LQÀDPPDWRU\� F\WRNLQH�� ,/��� HOHYDWLRQ� VSHHGV� FRUWLFDO�
atrophy (p=0.047), and cognitive loss (p=0.046). It correlates with 
EDVHOLQH�WHPSRUDO�OREH�YROXPH��S �������DQG�'[��S �������Ȥ�����EXW�
not the ApoE4 genotype (opposite to CRP result). It is elevated by 
VXUJHU\�DPRQJVW�0&,�VXEMHFWV��¿J����

DISCUSSION: All 3 BMs affect baseline values of cortical 
volume and vary with Dx and/or ApoE4 status; where ApoE4 itself 
is a cofactor for the surgical effect on atrophy. They dramatically 
depend on such factors as gender, BMI, ICV and age. Surgical 
group changes predate actual surgery. More routine study of these 
BMs and ApoE genotype perioperatively could support better 
understanding of surgically related atrophy; as well as identifying 
targets for enhancing neuroprotection (Leptin), or blocking the 
GHOHWHULRXV�HIIHFWV�RI�LQÀDPPDWLRQ��,/����&53��

S-151 • CONTINUED ON NEXT PAGE
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SYNAPTIC PLASTICITY IN THE CA3 SUBFIELD OF THE 
+,332&$0386�,6�)$&,/,7$7('�%<�į*$%$$�5(&(37256�
IN MICE 

AUTHORS: S. Avramescu1, W. D. Paul2, I. Lecker2, B. A. Orser3

AFFILIATION: 1Department of Anesthesia, Sunnybrook Health 
Sciences Centre, University of Toronto, Toronto, ON, Canada, 
2Department of Physiology, University of Toronto, Toronto, ON, 
Canada, 3Department of Anesthesia and Physiology, University of 
Toronto, Toronto, ON, Canada

INTRODUCTION:� Ȗ�$PLQREXW\ULF� DFLG� W\SH� $� �*$%$A) re-
ceptors are well known modulators of memory processes and are 
novel targets for memory-enhancing drugs. We recently showed that 
LQFUHDVLQJ�WKH�DFWLYLW\�RI�į�VXEXQLW�FRQWDLQLQJ�*$%$$��į*$%$A)
receptors enhances performance for certain types of hippocampus-
dependent memory tasks and promotes neurogenesis (1). Long-term 
potentiation (LTP) of synaptic transmission in the hippocampus, 
a major cellular correlate of memory, is modulated by GABAA 
UHFHSWRU� DFWLYLW\� ����� ,Q� WKH� &$�� VXE¿HOG� RI� WKH� KLSSRFDPSXV��
/73�DW�0RVV\�¿EHU�&$��S\UDPLGDO�FHOO� V\QDSVHV� LV� IDFLOLWDWHG�E\�
SUHV\QDSWLF� *$%$$� UHFHSWRUV� ����� į*$%$A receptors may be 
H[SUHVVHG�DW�SUHV\QDSWLF�0RVV\�¿EHU�WHUPLQDOV�DQG�FRXOG�KDYH�DQ�
H[FLWDWRU\� DFWLRQ� WKDW� IDFLOLWDWHV�0RVV\� ¿EHU�&$�� /73�� +HUH�� ZH 
WHVW� WKH�K\SRWKHVLV� WKDW� į*$%$A� UHFHSWRUV� IDFLOLWDWH�0RVV\�¿EHU�
CA3 LTP.

METHODS: Hippocampal slices were prepared from wild-type 
�:7�� DQG� WUDQVJHQLF� į*$%$A receptor null mutant (*DEUG���) 
PLFH�� ([WUDFHOOXODU� ¿HOG� SRVWV\QDSWLF� SRWHQWLDOV� �I363V�� ZHUH�
UHFRUGHG�IURP�WKH�&$��VXE¿HOG��ZKHUH�0RVV\�¿EHU�&$��S\UDPLGDO�
cell synapses are located. Basal neurotransmission and presynaptic 
plasticity were compared in slices from WT and *DEUG��� mice 
using input-output plots and paired pulse responses, respectively. 
LTP at Mossy Fiber-CA3 synapses was generated in slice using a 
tetanic stimulation protocol (3 trains of 100 Hz stimulation for 1 
VHF���I363V�UHFRUGHG�LQ�WKH�¿UVW�PLQXWH�IROORZLQJ�WHWDQLF�VWLPXODWLRQ�
were used to measure post-tetanic potentiation (PTP) while fPSPs 
UHFRUGHG�GXULQJ� WKH� ODVW�¿YH�PLQXWHV�ZHUH�XVHG� WR�PHDVXUH� ORQJ�
term potentiation (LTP). All experiments wereperformed in the 
presence of the selective n-methyl-D-aspartate (NMDA) receptor 
antagonist (25)-amino-5-phosphonopentanoate (50 µM), to prevent 
the induction of NMDA receptor-dependent LTP. Values are 
expressed as mean ±standard error of the mean (SEM).

RESULTS: A pronounced PTP of the fPSPs was observed in both 
genotypes; however, PTP was greater in the WT slices compared 
to *DEUG���� slices: (WT: 178.3 ± 16.1%, n = 16 versus *DEUG���: 
126.3 ± 6.9%, n = 19; t = 3.15, df = 33, p < 0.01). Similarly, at 1 hr 
following tetanic stimulation, LTP was greater in WT slices (WT: 
168.3 ± 13.1%, n = 16 versus Gabrd-/-: 128.0 ± 4.3%, n = 19; t = 
3.18, df = 33, p < 0.01). The input-output plots and the paired pulse 
ratios were similar in WT and Gabrd-/- slices, suggesting there was 
no differences in basal neurotransmission or presynaptic function 
between the genotypes.

CONCLUSIONS: Here we show that the expression of 
į*$%$A� UHFHSWRUV� IDFLOLWDWHV� /73� DW� 0RVV\� ¿EHU�&$�� V\QDSVHV�
ZLWKRXW� VLJQL¿FDQWO\� DIIHFWLQJ� EDVDO� QHXURWUDQVPLVVLRQ� RU� SUH��
synaptic plasticity. It is possible that selectively enhancing 
WKH� IXQFWLRQ� RI� į*$%$A receptors with drugs such as 
4,5,6,7-tetrahydroisoxazolo[5,4-c]pyridin-3-ol (THIP), could im-
SURYH� VSHFL¿F� W\SHV� RI�PHPRU\� VXFK� DV� VSDWLDO�ZRUNLQJ�PHPRU\�
WKDW�DUH�UHJXODWHG�E\�WKH�&$��VXE¿HOG�RI�WKH�KLSSRFDPSXV�

REFERENCES:

1. Ann Neurol. 2013 Oct;74(4):611-21.

2. Nat Neurosci. 2010 Apr;13(4):431-8.
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POSTOPERATIVE COGNITIVE DYSFUNCTION; 
EXECUTIVE FUNCTION VS. MEMORY AFTER GENERAL 
ANESTHESIA

AUTHORS: S. Deiner, X. Luo, M. Sano

AFFILIATION: Anesthesiology, Icahn School of Medicine at Mt. 
Sinai, New York, NY

BACKGROUND: Postoperative cognitive dysfunction (POCD) is 
a common complication of the elderly, and can be diagnosed by 
performance on a battery of neuropsychological tests. More than 
40% of surgical patients >60 years old had POCD at discharge, 
and12.7% at 3 months1. The 1995 POCD Consensus Conference 
suggested that research should include the domains of learning and 
memory, attention, executive functioning and language. However, 
most have focused on memory and only a very small percent 
included executive function2�� :KLOH� PHPRU\� GH¿FLWV� SUHGLFW�
incipient dementia3,4 executive dysfunction is often predictive 
of loss of ADL and independent function4. Here we report the 
performance of a battery comparing the perioperative performance 
of memory vs. executive domains.

METHODS: After IRB approval we administered a full Uniform 
Dataset (UDS) battery to 76 elderly patients prior to major 
noncardiac surgery, and at 3 and 6 months after surgery. The UDS 
battery is the standard Alzheimer’s Disease Research Center battery 
and includes 12 tests of 7 domains5. We performed a factor analysis 
RQ�WKH�EDVHOLQH�WHVWV�ZKLFK�LGHQWL¿HG���JURXSV��H[HFXWLYH�IXQFWLRQ�
attention/processing speed (Trails A/B, Digit Span Forwards/ 
Backwards) and memory/language (Logical Memory Immediate/
Delayed, Category Fluency). For each subject and test a raw and 
change score was calculated and normalized (raw score divided by 
standard deviation of the baseline score), then averaged to create the 
GRPDLQ�FRPSRVLWH��,PSDLUPHQW�ZDV�GH¿QHG�DV������6'��PLOG�������
�PRGHUDWH���RU�����6'��VHYHUH��

RESULTS: Overall 26.8% had impaired executive function, 8.9% 
had a decline in memory, and 1.8% had both. At 3 months 10% 
had decline in memory, most mild or moderate and 30% of patients 
had decline in executive function, most severe. At 6 months 13% 
declined in memory vs. 20% in executive function. Decline of both 
was rare at 3 and 6 months. (Fig1).

DISCUSSION: Our data demonstrates that POCD is characterized 
by impairment in both executive and memory functions. This 
suggests that the use of composite scores which combine multiple 
domains may obscure impairment, because not all are sensitive to 
the postoperative state. Studies of memory alone may miss a large 
proportion of patients who are suffering from POCD characterized 
by executive dysfunction.

1.  Monk TG, Weldon BC, Garvan CW, et al. Predictors of cognitive 
dysfunction after major noncardiac surgery. Anesthesiology. 
2008;108(1):18-30.

2.  Tsai TL, Sands LP, Leung JM. An update on postoperative 
cognitive dysfunction. Adv Anesth. 2010;28(1):269-284.

3.   Ye J, Farnum M, Yang E, et al. Sparse learning and stability 
selection for predicting MCI to AD conversion using baseline 
ADNI data. BMC Neurol. 2012;12:46-2377-12-46.

4   Peters F, Villeneuve S, Belleville S. Predicting progression to 
dementia in elderly subjects with mild cognitive impairment 
using both cognitive and neuroimaging predictors. J Alzheimers 
Dis. 2013.

5.  Weintraub S, Salmon D, Mercaldo N, et al. The alzheimer’s 
disease centers’ uniform data set (UDS): The neuropsychologic 
test battery. Alzheimer Dis Assoc Disord. 2009;23(2):91-101.
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THREE-HOUR EXPOSURE TO ISOFLURANE CAUSES 
SIGNIFICANT DEATH OF BRAIN CELLS IN NEONATAL 
MACAQUES

AUTHORS: A. M. Brambrink1, G. A. Dissen2, L. D. Martin3, 
S. Johnson4, J. Olney5

AFFILIATION: 1Anesthesiology and Perioperative Medicine, 
OHSU, Portland, OR, 2Oregon National Primate Research Center, 
Oregon Health & Science University, OHSU, Portland, OR, 
3Oregon National Primate Research Center, Oregon Health & Sci 
Univ, Portland, OR, OHSU, Portland, OR, 4Psychiatry, Washington 
University in St. Louis, Saint Louis, MO, 5Psychiatry, Washington 
Univ St. Louis, MO, St. Louis, MO

INTRODUCTION:� :H� KDYH� VKRZQ� SUHYLRXVO\� WKDW� LVRÀXUDQH�
anesthesia for 5 hrs triggers widespread apoptosis of neurons and 
oligodendrocytes (OLs) in the neonatal nonhuman primate (NHP) 
EUDLQ��6KRUWHU�GXUDWLRQV�RI�LVRÀXUDQH�KDYH�QRW�EHHQ�VWXGLHG�LQ�WKLV�
model, but others have reported that ketamine for 3 hrs in neonatal 
NHPs, did not cause neuroapoptosis in the frontal cortex. Recently, 
several retrospective cohort studies in humans have suggested that 
brief anesthesia at a young age increases the risk for long-term 
QHXUREHKDYLRUDO� GLVWXUEDQFHV�� LQFOXGLQJ� DWWHQWLRQ� GH¿FLW� GLVRUGHU�
DQG�OHDUQLQJ�GLVDELOLW\��+RZHYHU�� LQ�YLHZ�RI� WKH�QHJDWLYH�¿QGLQJV�
with brief exposure to ketamine, it is unclear whether neuroapoptosis 
FRXOG�EH�D�SODXVLEOH�H[SODQDWLRQ�IRU�WKHVH�GH¿FLWV��:H�GHVLJQHG�WKLV�
VWXG\�WR�GHWHUPLQH�ZKHWKHU�D���KRXU�H[SRVXUH�WR�LVRÀXUDQH�FDXVHV�
cellular injury in the developing NHP brain.

METHODS: With institutional approval (IACUC), rhesus 
macaques (Macaca mullata) on postnatal day 6 (P6) were exposed 
WR� LVRÀXUDQH�DQHVWKHVLD� IRU���KUV�PDLQWDLQLQJ�D�PRGHUDWH�VXUJLFDO�
plane (n=5), or no anesthesia (controls; n=5). At 6-8 hrs after time 
]HUR�DQLPDOV�ZHUH�UH�DQHVWKHWL]HG�DQG�SHUIXVLRQ�¿[HG�WR�SUHSDUH�WKH�
brain for histopathologic analysis. Serial sections through the entire 
brain were stained to determine cell death and identify affected 
cell types. For quantitative assessment, activated caspase 3 (AC3)-
SRVLWLYH�SUR¿OHV�LQ�HDFK�VHFWLRQ��DW���PP�LQWHUYDOV�DFURVV�WKH�EUDLQ��
ZHUH� LGHQWL¿HG�DV�HLWKHU�QHXURQV�RU�2/V�DQG�SORWWHG�DQG�FRXQWHG�
XVLQJ� D� FRPSXWHU�DVVLVWHG� 0LFUREULJKW¿HOG� 6WHUHR� ,QYHVWLJDWRU�
system. The data was compared to that from a NHP cohort (n=5) 
WKDW�KDG�EHHQ�H[SRVHG�WR�LVRÀXUDQH�IRU���KUV��XVLQJ�WKH�VDPH�PRGHO�

RESULTS: Compared to the control group, the mean number of 
DSRSWRWLF� SUR¿OHV� �QHXURQV� ��2/V�� SHU� EUDLQ�ZDV� ����IROG� KLJKHU�
�3�� ������� LQ� WKH� JURXS� H[SRVHG� WR� LVRÀXUDQH� IRU� �� KUV� �)LJXUH�
���� ,VRÀXUDQH� H[SRVXUH� IRU� �� KUV� UHVXOWHG� LQ� D� ��IROG� LQFUHDVH�
(P<0.0001). At both 3 and 5 hrs, the neuronal populations most 
severely affected were those in the parietal, temporal and occipital 
cortices, which are critical for somatosensory, auditory and visual 
LQIRUPDWLRQ�SURFHVVLQJ��&DVSDVH�SRVLWLYH�SUR¿OHV�LGHQWL¿HG�DV�2/V�
were present across all white matter.

CONCLUSION: Exposure of neonatal NHPs to isofurane for 3 hrs 
DW�D�PRGHUDWH�VXUJLFDO�SODQH�LQGXFHG�VLJQL¿FDQW�DSRSWRVLV�RI�ERWK�
neurons and OLs, in brain regions critical for sensory information 
SURFHVVLQJ��([SRVXUH�WR�LVRÀXUDQH�IRU���KUV�FDXVHG�PRUH�FHOO�GHDWK�
than exposure for 3 hrs, suggesting a dose-dependent effect. The 
UHVXOWV�GHPRQVWUDWH�WKH�WR[LF�HIIHFWV�RI�LVRÀXUDQH�LQ�SULPDWHV�ZLWK�
shorter exposure times than previously thought, and are concerning 
as many operative or diagnostic procedures in pediatric medicine 
require effective anesthesia times in the range tested in this study.
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A. Martynyuk2

AFFILIATION: 1Anesthesiology, University of Florida, Gainesville, 
FL, 2Anesthesiology and the McKnight Brain Institute, University of 
Florida, Gainesville, FL

INTRODUCTION: Developmental consequences and mediating 
mechanisms of exposure to neonatal anesthetics were studied by 
investigating the effects of propofol and etomidate - anesthetics with 
similar gamma-aminobutyric acid type A receptor (GABAAR)-
mediated mechanism of action. During the anesthesia, propofol 
causes a greater increase in corticoid levels.

METHODS: All experimental procedures were approved by the 
authors’ IRB for animal research. Postnatal days 4, 5 or 6 (P4-6) 
Sprague Dawley rats were anesthetized for 5 hrs by administering 
intraperitoneally (IP) propofol or etomidate 40 or 8 mg/kg for 
induction and 20 or 4 mg/kg/60 min for maintenance, respectively. 
Control rats received equal numbers of saline injections. In order 
to study the roles of GABAAR-mediated excitation and systemic 
corticosterone, additional groups received either the Na+-K+-
2Cl- co-transporter inhibitor bumetanide (1.82 mg/kg, IP) prior 
to propofol or a single injection of corticosterone (0.2 mg/kg, IP), 
respectively. All pups, except the negative control, were separated 
from the dams for 5 hrs. The elevated plus maze (EPM) test to 
assess anxiety-like behavior and prepulse inhibition (PPI) of the 
acoustic startle response measurements to evaluate sensorimotor 

gating function were performed at ~P70 and ~P80, respectively. 
Trunk blood samples to measure stress-related and baseline serum 
levels of corticoids were collected either 5 min or several days after 
completion of the PPI test, respectively. The synaptic activity in 
brain hippocampal slices was studied at >P80 in rats that underwent 
the PPI test.

RESULTS AND MAJOR FINDINGS: Maternally separated 
saline treated rats exhibited anxiety-like EPM behavior, but 
normal PPI responses. Only in male rats did both anesthetics 
exert anxiolytic effects, but impaired the PPI responses. Levels 
of corticosterone and aldosterone at baseline and after stress were 
increased in rats previously anesthetized with each anesthetic with 
greater effect of propofol over etomidate for post-PPI corticosterone 
and baseline aldosterone (Fig. 1). Only propofol increased the 
frequency of miniature inhibitory postsynaptic currents in the CA1 
pyramidal neurons. Bumetanide did not alter endocrine and synaptic 
responses, moderately enhanced anxiolytic and reversed PPI effects 
of propofol. Corticosterone did not affect the PPI of the startle 
response, but caused anxiogenic, synaptic and endocrine effects 
similar to those of propofol.

CONCLUSIONS: Neonatal anesthesia results not only in 
behavioral but also long-term neuroendocrine abnormalities. 
The effects of bumetanide suggest mechanistic involvement of 
GABAAR-mediated excitatory signaling. The heightened baseline 
and stress-related levels of corticoids months after exposure 
to general anesthesia suggest that functional consequences of 
exposure to neonatal anesthetics may result, at least in part, from 
a combination of the acute effects of anesthetics at the time of 
anesthesia and continuous exacerbated endocrine responses to stress 
initiated by exposure of an immature CNS to these anesthetics.
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THE EFFECT OF VENTILATION ON CEREBRAL 
OXYGENATION IN PATIENTS UNDERGOING SURGERY 
IN THE BEACH CHAIR POSITION: A RANDOMIZED 
CONTROLLED TRIAL

AUTHORS: G. S. Murphy, J. Szokol, S. Greenberg, T. Shear

AFFILIATION: Anesthesiology, NorthShore University 
HealthSystem, Evanston, IL

INTRODUCTION: Surgery in the beach chair position (BCP) 
PD\� UHGXFH� FHUHEUDO� EORRG� ÀRZ� DQG� R[\JHQDWLRQ�� UHVXOWLQJ� LQ�
neurologic injuries. Recent case reports have raised concerns that 
the BCP may be a risk factor for the development of cerebral and 
spinal cord ischemia and infarction1,2. Near-infrared spectroscopy is 
a non-invasive technology that allows real-time assessment of the 
adequacy of cerebral tissue oxygenation (and, indirectly, of cerebral 
EORRG� ÀRZ��� 7KH� DXWKRUV� WHVWHG� WKH� K\SRWKHVLV� WKDW� D� YHQWLODWLRQ�
strategy designed to achieve end-tidal carbon dioxide (EtCO2) 
values of 40 to 42 mmHg would increase cerebral oxygenation 
(SctO2) during BCP shoulder surgery compared to a ventilation 
strategy designed to achieve EtCO2 values of 30 to 32 mmHg.

METHODS: Seventy patients undergoing shoulder surgery in 
the BCP with general anesthesia were enrolled in this randomized 
controlled trial. All anesthetic management was standardized. 
Mechanical ventilation was adjusted to maintain an EtCO2 of 30 
to 32 mmHg in the control group (control 30 to 32) and an EtCO2 
of 40 to 42 mm Hg in the study group (study 40 to 42). Cerebral 
oxygenation was monitored continuously in the operating room 
using near-infrared spectroscopy. Baseline heart rate (HR), mean 
arterial blood pressure (MAP), peripheral oxygen saturation (SpO2), 
and SctO2 were obtained before induction of anesthesia, and these 
values were then measured continuously and recorded into a laptop 
computer from induction of anesthesia until tracheal extubation. 
7KH� QXPEHU� RI� FHUHEUDO� GHVDWXUDWLRQ� HYHQWV� �&'(V�� �GH¿QHG� DV�
D������� UHGXFWLRQ� LQ�6FW2�� IURP�EDVHOLQH�YDOXHV��ZDV� UHFRUGHG��
Clinical recovery was assessed.

RESULTS: Baseline demographic characteristics did not differ 
EHWZHHQ� WKH� WZR� JURXSV�� 1R� VLJQL¿FDQW� GLIIHUHQFHV� EHWZHHQ�
groups were observed in hemodynamic variables or phenylephrine 
interventions during the surgical procedure. Sct02 values in the 
study 40-42 group did not decrease over time. In contrast, Sct02 
measurements in the control 30-32 group were lower than baseline 
values from 10 minutes postinduction until 60 minutes (P < 0.01 
DFURVV� WLPH��� )XUWKHUPRUH�� 6FW2�� ZDV� VLJQL¿FDQWO\� ORZHU� LQ� WKH�
control 30-32 group than the study 40-42 group from 16 minutes 
postinduction until 60 minutes (P < 0.01 across time). The incidence 
of CDEs was higher in the control 30-32 group (55.6%) than it was 
in the study 40-42 group (8.8%, P < 0.0001). The majority (67.7%) 
RI�&'(V�RFFXUUHG�GXULQJ�HSLVRGHV�RI�K\SRWHQVLRQ��������GHFUHDVH�
in MAP). The incidence of nausea was 33.3% in the control 30-32 
group and 8.8% the study 40-42 group (P = 0.019) during the PACU 
admission.

CONCLUSIONS:�&HUHEUDO�R[\JHQDWLRQ�LV�VLJQL¿FDQWO\�LPSURYHG�
during BCP surgery when ventilation is adjusted to maintain EtCO2 
at 40 to 42 mmHg compared to 30 to 32 mmHg. A lower incidence 
of nausea was also observed in the study 40 to 42 group.

REFERENCES:

1. J Clin Anesth 2005; 17: 463-9;

2. Anesth Analg 2012; 114: 1301-3.
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SEVOFLURANE AND PROPOFOL INDUCE DISTINCT EEG 
BURST-SUPPRESSION PATTERNS IN RATS

AUTHORS: J. D. Kenny1, S. Ching1, B. Westover2, E. N. Brown1, 
K. Solt1

AFFILIATION: 1Anesthesia, Critical Care and Pain Medicine, 
Massachusetts General Hospital, Boston, MA, 2Neurology, 
Massachusetts General Hospital, Boston, MA

INTRODUCTION: Burst-suppression is an EEG pattern seen 
during deep anesthesia that is characterized by alternating periods 
of high amplitude (bursts) and isoelectric periods (suppressions). 
The burst-suppression probability (BSP) algorithm1 can be used 
to quantize the depth of anesthesia, with 0 indicating no EEG 
suppression and 1.0 indicating complete suppression. Burst-
suppression is widely treated as a uniform process across different 
general anesthetics. In this study, we compared burst-sup pression 
GXUDWLRQV� DQG� HQHUJ\� LQ� UDWV� DQHVWKHWL]HG� ZLWK� VHYRÀXUDQH 
and propofol.

METHODS: After institutional approval, rats (n=4) with extradural 
EEG electrodes underwent general anesthesia with propofol and 
VHYRÀXUDQH�LQ�VHSDUDWH�H[SHULPHQWV�DW�OHDVW���GD\V�DSDUW��3URSRIRO�
was administered IV to maintain BSP levels of 0.4, 0.65, and 0.9 for 
at least 15 minutes each2�� )RU� VHYRÀXUDQH� H[SHULPHQWV�� UDWV�ZHUH�
SODFHG� LQ� DQ� DQHVWKHWL]LQJ� FKDPEHU� DQG� WKH� LQKDOHG� VHYRÀXUDQH�
concentration was increased from 3.6% to 4.2% by increments of 
0.2% every 30 minutes. EEG recordings were manually threshold 
into a binary sequence of burst and suppressions. This series was 
used as an input in the BSP algorithm (Fig. 1). Burst-suppression 
time durations and energy were calculated and separated by BSP 
into their corresponding bin size. Median burst-suppression 
time duration and energy values were computed, and 95% con-
¿GHQFH�LQWHUYDOV�ZHUH�XVHG�IRU�DOO�%63�YDOXHV�WR�WHVW�IRU�VWDW�LV�WLFDO�
VLJQL¿FDQFH�

RESULTS: Empirical cumulative distribution function plots (Fig. 
���IRU�DOO�%63�YDOXHV�DQG�ELQ�VL]HV�UHYHDO�WKDW�VHYRÀXUDQH�LQGXFHV�
longer burst-suppression durations than propofol (p < 0.001, KS 
Test). For propofol, the overall median burst duration was 0.28s 
DQG�WKH�PHGLDQ�VXSSUHVVLRQ�GXUDWLRQ�ZDV�����V��)RU�VHYRÀXUDQH��WKH�
overall median burst duration was 1.50s and the median suppression 
duration was 1.58s (Fig. 3A). The median difference between 
SURSRIRO� DQG� VHYRÀXUDQH� EXUVW� GXUDWLRQV�ZDV� ����V�� DQG� EHWZHHQ�
suppression durations it was 1.36s. For propofol, the overall median 
burst energy was 130.15µV2 and the median suppression energy 
ZDV� ������9��� )RU� VHYRÀXUDQH�� WKH� RYHUDOO�PHGLDQ� EXUVW� HQHUJ\�
was 204.05µV2 and the median suppression energy was 3437.5µV2 
�)LJ���%���7KH�PHGLDQ�GLIIHUHQFH�EHWZHHQ�SURSRIRO�DQG�VHYRÀXUDQH�
burst energy was 73.63µV2, and the median difference between 
VXSSUHVVLRQ�HQHUJ\�ZDV��������9�������FRQ¿GHQFH� LQWHUYDOV� IRU�
WKH� GLIIHUHQFHV� EHWZHHQ� VHYRÀXUDQH� DQG� SURSRIRO� ZHUH� JUHDWHU�
than 0, indicating that burst-suppression energy and duration were 
VLJQL¿FDQWO\�KLJKHU�IRU�VHYRÀXUDQH�WKDQ�SURSRIRO�

CONCLUSIONS: Burst-suppression durations and energy 
ZHUH� VLJQL¿FDQWO\� GLIIHUHQW� EHWZHHQ� VHYRÀXUDQH� DQG� SURSRIRO��
UHJDUGOHVV�RI�%63��$W�DOO�GHSWKV�RI�JHQHUDO�DQHVWKHVLD��VHYRÀXUDQH�
induced longer bursts and suppressions than propofol. Our results 
VXJJHVW� WKDW�SURSRIRO�DQG�VHYRÀXUDQH� LQGXFH�GLVWLQFW�EUDLQ�VWDWHV��
with different physiological mechanisms underlying their burst-
suppression patterns.

REFERENCES:

1. J Neural Eng 2013;10(5):056017.

2.  Anesthesiology 2013;119(4):84.
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INTRODUCTION: Surgical brain injury (SBI) attributable 
exclusively to the neurosurgical procedure itself could cause early 
postoperative complications, thus exacerbating neurological/
behavioral outcomes1��7R� GDWH�� WKH� LVVXH� RI� VSHFL¿F� SHULRSHUDWLYH�
neuroprotection against SBI has not been well studied. Our 
group established a clinically relevant rodent model of SBI 
DQG� GHPRQVWUDWHG� WKH� LPSRUWDQW� UROH� RI� LQÀDPPDWLRQ� LQ� 6%,�
pathophysiology2�� 3,�.Ȗ� LV� SUHGRPLQDWHO\� H[SUHVVHG� LQ� LPPXQH�
FHOOV�� UHJXODWLQJ� LQÀDPPDWRU\� UHVSRQVHV3�� 3,�.Ȗ� GH¿FLHQF\� ZDV�
neuroprotective in acute experimental stroke4. In the present study, 
ZH�LQYHVWLJDWHG�WKH�WUHDWPHQW�HIIHFW�RI�$6��������D�VHOHFWLYH�3,�.Ȗ�
inhibitor in a rat model of SBI.

METHODS: All protocols were approved by the Animal Health 
and Safety Committees of Loma Linda University and were in 
compliance with Federal regulations. Sprague Dawley adult 
male rats were randomized into following 4 groups (n=6/group): 
Sham, SBI+Vehicle, SBI+AS252424 Low dose (3 mg/kg) and 
SBI+AS252424 High dose (10mg/kg). SBI was induced in 
anesthetized rats by partially resecting the right frontal lobe guided 
by stereotaxic coordinates. Shams underwent identical surgical 
procedure without brain resection. AS252424 or vehicle was 
administered intraperitoneally at both 1 hr prior to and 30 min after 
SBI. At 24 hrs and 72 hrs post-SBI, 1) neurobehavior were assessed 
E\�PRGL¿HG�*DUFLD� WHVW�� ��� EUDLQ�ZDWHU� FRQWHQW�ZLWKLQ�ERWK� VLGHV�
of frontal lobes and parietal lobes, cerebellum and brain stem were 
measured, as an indicator of brain edema.

RESULTS:�7KHUH�ZHUH� VLJQL¿FDQWO\� KLJKHU� EUDLQ�ZDWHU� FRQWHQWV�
within right frontal lobe and worse neurobehavioral performance in 
SBI rats than shams. Compared to vehicle treated SBI, the high dose 
EXW�QRW� ORZ�GRVH�$6������� WUHDWPHQW� VLJQL¿FDQWO\� UHGXFHG�EUDLQ�
HGHPD��)LJ�����DQG�LPSURYHG�WKH�VFRUHV�RI�PRGL¿HG�*DUFLD�WHVW��)LJ��
2) at 24 hrs post-SBI. The neuroprotective effects persisted to 72 
hrs post-SBI.

CONCLUSIONS: High dose of AS252424 attenuated brain edema 
DIWHU�6%,�DQG�ZDV�DVVRFLDWHG�ZLWK�QHXUREHKDYLRUDO�EHQH¿W��6HOHFWLYH�
LQKLELWLRQ�RI�3,�.Ȗ�PD\�SURYLGH�D�SRWHQWLDO�QHXURSURWHFWLYH�VWUDWHJ\�
that can be applied to neurosurgical patients.

REFERENCES: 

1.  Manninen PH, Raman SK, Boyle K el-Beheiry H. Early 
postoperative complications following neurosurgical procedures. 
Can J Anaesth. 1999;46(1):7-14.

2.  Hyong A, Jadhav V, Lee S, Tong W, Rowe J, Zhang JH, Tang 
-��5RVLJOLWD]RQH��D�33$5�JDPPD�DJRQLVW��DWWHQXDWHV�LQÀDPPDWLRQ�
after surgical brain injury in rodents. Brain Res. 2008;1215:218-
224.

3.  Ghigo A, Damilano F, Braccini L, Hirsch E. PI3K inhibition in 
LQÀDPPDWLRQ�� 7RZDUG� WDLORUHG� WKHUDSLHV� IRU� VSHFL¿F� GLVHDVHV��
BioEssays. 2010;32:185-196.

4.  Jin R, Song Z, Yu S, Piazza A, Nanda A, Penninger JM, Granger 
DN, Li G. Phosphatidylinositol-3-kinase (PI3K) gamma 
plays a central role in blood-brain barrier dysfunction in acute 
experimental stroke.  Anesthesiology. 2009; 110(5): 1077-1085. 
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INDIVIDUAL INTRAOPERATIVE CEREBRAL BLOOD 
FLOW AUTOREGULATION
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AFFILIATION: 1Department of Anesthesiology, University 
Hospital of Basel, Basel, Switzerland, 2Department of Clinical 
Neurosciences, Neurosurgery Unit, University of Cambridge, 
Cambridge, United Kingdom

INTRODUCTION: $XWRUHJXODWLRQ�RI�EORRG�ÀRZ�LV�D�NH\�IHDWXUH�RI�
the human cerebral vasculature to assure adequate oxygenation and 
metabolism of the brain under changing physiologic conditions1,2. 
,PSDLUHG� FHUHEUDO� EORRG� ÀRZ� �&%)�� DXWRUHJXODWLRQ� LV� DVVRFLDWHG�
with various pathological and pharmacological states, and may be at 
origin of poor neurological outcome such as silent ischemia3 and/or 
postoperative cognitive decline4, which is more common in elderly 
patients. Little is known about the effect of inhalational anesthetic 
agents and advanced age on CBF autoregulation.

METHODS: We conducted a prospective observational multicenter 
VWXG\�WR�GHWHUPLQH�WKH�HIIHFW�RI�VHYRÀXUDQH�DQHVWKHVLD�RQ�LQGLYLGXDO�
CBF autoregulation in two age groups. All patients underwent 
D� VWDQGDUGL]HG� VHYRÀXUDQH� DQHVWKHVLD� IRU� D� PDMRU� VXUJLFDO�
intervention. Recorded by transcranial Doppler ultrasonography, 
cerebral hemodynamic data were computed to provide an individual 
CBF autoregulation curve for each patient. CBF autoregulation 
indices, thresholds and ranges were compared in young and elderly 
patient groups.

RESULTS: One-hundred and thirty-three patients were included 
in the study, 49 patients (37%) aged 18 to 40 years and 84 patients 
(63%) older than 65 years. Intraoperative minimum alveolar 
FRQFHQWUDWLRQV�RI�VHYRÀXUDQH�ZHUH�������������LQ�\RXQJ�DQG������
± 0.12 in older subjects. Overall, the index of CBF autoregulation 
ZDV�VLJQL¿FDQWO\�KLJKHU�LQ�ROGHU�SDWLHQWV������YV��������3� ���������
indicating a decreased autoregulatory capacity in the elderly. In 
both young and older patients, effective cerebral autoregulation 
was found only in a very narrow blood pressure range of 13.8 ± 9.8 
mmHg and 10.2 ± 8.6 mmHg respectively. The lower threshold of 
autoregulation was 66 ± 12 mmHg in young and 73 ± 14 mmHg in 
older patients.

CONCLUSION: Our data shows that the autoregulatory plateau 
LV�VLJQL¿FDQWO\�VKRUWHQHG�LQ�ERWK�\RXQJ�DQG�HOGHUO\�SDWLHQWV�XQGHU�
VHYRÀXUDQH�DQHVWKHVLD�XVLQJ�DSSUR[LPDWHO\���0$&��:KHWKHU� WKLV�
reduction of the human brain’s capacity to autoregulate CBF has 
an impact on the vulnerability for intraoperative cerebral ischemic 
events remains unclear.

REFERENCES:

1.  Paulson, OB et al. Cerebral autoregulation. Cerebrovascular and 
brain metabolism reviews, 1990. 2(2): p. 161-92.
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PROPOFOL AFFECTS DIFFERENT HUMAN BRAIN 
REGIONS DEPENDING ON DEPTH OF SEDATION

AUTHORS: X. Quan, J. Yi, T. H. Ye, S. F. Lin, L. Zou, S. Y. Tian, 
Y. G. Huang

AFFILIATION: Anesthesiology, Peking union medical colledge 
hospital, Beijing, China

INTRODUCTION: Blood oxygen level-dependent functional 
magnetic resonance imaging (BOLD-fMRI) provides a novel 
method for non-invasive real-time exploration of the brain areas 
that are activated under sedation or anesthesia . The target areas in 
human brain underlying propofol-induced behavioral changes such 
as loss of consciousness and amnesia are particularly investigated1,2. 
Recent studies implied the inhibition of temporal lobe and thalamus 
could result in a reduction of the level of consciousness1,3. However, 
these studies did not use objective monitor, such as bispectral index 
�%,6��� WR�PHDVXUH� WKH�GHSWK�RI�VHGDWLRQ�DQG� WR�PDNH�D�VLJQL¿FDQW�
distinction between different levels of consciousness. In the present 
VWXG\��ZH�XVHG�%,6�DQG�PRGL¿HG�REVHUYHU¶V�DVVHVVPHQW�RI�DOHUWQHVV�
sedation (OAA/S) score to monitor depth of sedation and to make 
sure the loss of consciousness, and used BOLD-fMRI to explore 
the brain areas underlying the sedative effect of propofol and to 
delineate brain areas that are associated with loss of consciousness.

METHODS: Forty-eight volunteers were randomly divided into 
2 groups based on BIS and Observer’s Assessment of Alertness/
Sedation score (OAA/S): a mild sedation group (BIS 60 to 80, 
OAA/S 3) and deep sedation group (BIS 40 to 60, OAA/S 1). In tests 
preliminary to BOLD-fMRI scanning, propofol was administrated 
with a target-controlled infusion system to determine target effect-
site concentrations of propofol to achieve the desired sedation level. 
Within one week of the preliminary tests, BOLD-fMRI was used 
to examine brain activation during wakeful baseline and desired 
sedation level with propofol infusion.

RESULTS: Mild propofol sedation inhibited left inferior parietal 
lobe activation (T value 7.22, voxel 22). Deep sedation inhibited 
left insula (T value 14.09, voxel 163), left superior temporal gyrus 
(T value 9.68, voxel 19), and right middle temporal gyrus (T value 
31.65, voxel 46) activation. Compared with mild sedation, deep 
propofol sedation inhibited activation in left thalamus (T value 
16.76, voxel 185), precentral gyrus (T value 10.99, voxel 26), 
anterior cingulate (T value 8.16, voxel 19), and right basal nuclei (T 
value 7.92, voxel 56).

CONCLUSIONS: The left inferior parietal lobe is associated with 
mild propofol sedation. The left insula, superior temporal gyrus, 
and right middle temporal gyrus are associated with deep propofol 
sedation. As deepening sedation induced loss of consciousness, 
concluded from decreasing BIS and OAA/S, the inhibition of 
activation in the left thalamus, precentral gyrus, anterior cingulate 
and right basal nuclei while increasing the depth of sedation suggest 
that these regions may be involved in loss of consciousness.

REFERENCES:

1. Anesthesiology,118:59-69, 2013

2. Anaesthesia, 68:391-399, 2013

3. Anesthesiology,113:1038-53,2010

Fig. 1. Brain areas activated in the wakeful baseline but inhibited 
during mild propofol sedation.

Fig. 2. Brain areas activated in the wakeful baseline but inhibited 
during deep propofol sedation. 

Fig. 3. Brain areas activated during mild sedation but inhibited 
during deep sedation. 
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EFFECT OF ANESTHESIA AND SURGERY ON TAU 
PATHOLOGY AND COGNITION IN A MOUSE MODEL OF 
ALZHEIMER’S DISEASE

AUTHORS: G. Truchetti, E. Planel

AFFILIATION: Neurosciences, Université Laval, Québec, QC, 
Canada

INTRODUCTION AND GENERAL PURPOSE OF THE 
STUDY: Alzheimer’s disease (AD) is the leading form of dementia. 
The neuropathological hallmarks of AD include senile plaques of 
ȕ�DP\ORLG��$ȕ��SHSWLGHV�DQG�QHXUR¿EULOODU\�WDQJOHV��1)7��UHVXOWLQJ�
from hyperphosphorylated tau protein. Tau pathology is important 
because it is correlated to dementia in AD, and to memory loss in 
normal aging and mild cognitive impairment 1. The large majority of 
cases (~99%) of AD is late onset and sporadic in origin. The causes 
of sporadic AD are considered multifactorial, with external factors 
interacting with biological or genetic susceptibilities to accelerate 
the manifestation of the disease. Anesthesia and/or surgery might be 
such factors, as several reports suggest increased incidence of AD 
after anesthesia/surgery2.

We have previously demonstrated that different types of anesthetics 
result in tau hyperphosphorylation either directly or indirectly 
by inducing hypothermia3. In the present study, our goal was to 
investigate the effect of a minor abdominal surgery on tau pathology. 
Our hypothesis was that peripheral surgery but not brief anesthesia 
would induce tau hyperphosphorylation through the activation of 
LQÀDPPDWLRQ�SDWKZD\V��UHVXOWLQJ�LQ�PHPRU\�LPSDLUPHQW�

METHODS: We used young and old B6 mice as well as young and 
old hTau mice, a model of AD-like tau pathology overexpressing 
non-mutant human tau on a murine tau knock-out background. The 
two mice strains were separated in two groups, one control group 
XQGHUJRLQJ� EULHI� LVRÀXUDQH� DQHVWKHVLD� DQG� WKH� RWKHU� DQHVWKHVLD�
and a minor abdominal surgery. Spatial memory was assessed with 
WKH� %DUQHV�PD]H��7DX� SDWKRORJ\� DQG� LQÀDPPDWLRQ�PDUNHUV�ZHUH�
examined from hippocampal extracts by Western blot. This study 
was approved by the Comité de Protection des Animaux du CHUL.

RESULTS AND MAJOR FINDINGS:� :H� GLG� QRW� ¿QG� DQ\�
difference in tau phosphorylation between control and surgery 
groups in B6 or hTau mice at either age. There was no effect of 
VXUJHU\�RQ�VSDWLDO�PHPRU\�DQG�RQ�FHQWUDO�LQÀDPPDWLRQ�

CONCLUSIONS: We conclude that in our experimental settings, a 
minor abdominal surgery has no effect on memory and AD-like tau 
pathology. While there has been clinical interest on the consequences 
of surgery and anesthesia on cognitive decline, their biochemical 
consequences on AD neuropathogenic pathways have only begun 
to be studied very recently. Overall, more studies are warranted to 
further understand the cognitive consequences of different types of 
surgery on the elderly.

REFERENCES:

1.  Bretteville, A. and E. Planel, Tau aggregates: toxic, inert, or 
protective species? J Alzheimers Dis, 2008. 14(4): p. 431-6.

2.  Whittington, R.A., et al., Anesthesia and tau pathology. Progress 
in neuro-psychopharmacology & biological psychiatry, 2013.

3.  Planel, E., et al., Anesthesia leads to tau hyperphosphorylation 
through inhibition of phosphatase activity by hypothermia. J 
Neurosci, 2007. 27(12): p. 3090-3097.

S-164.
POST-SEDATIVE TREATMENT WITH THE MGLUR5 
ANTAGONIST MTEP BLOCKS KETAMINE-INDUCED 
NEURONAL APOPTOSIS IN POSTNATAL 7-DAY RATS 

AUTHORS: J. Marchand, R. Schumann, Z. Almeer

AFFILIATION: Anesthesiology, Tufts Medical Center, 
Boston, MA

INTRODUCTION: Inhaled or injected anesthetics cause altered 
brain development in neonatal rats and possibly in infants and 
young children1. In neonatal rats, ketamine (KET) sedation elicits 
neuronal apoptosis, possibly due to an increase in extra-synaptic 
glutamate. We hypothesized that the metabotropic glutamate 
receptor 5 (mGluR5), localized in astrocytes, mediates homeostatic 
rebalancing of excitatory drive after prolonged reduction in brain 
activity by KET. In postnatal 7-day (PND7) KET-sedated rats, 
we assessed the ability of post-sedation injection of the mGluR5 
antagonist MTEP to: (1) reduce neuronal apotosis,(2) increase 
astrocyte-mediated transport of glutamate.

METHODS: After IACUC approval, PND7 rats received 6 s.c. 
injections at 2 hr intervals of: saline (Sal, n=3) or KET (20 mg/
kg, n=6). 1 hour after the last injection, KET-injected rats received 
intraperitoneal injections of saline (KET-Sal, n=3), or MTEP, 3 
mg/Kg (KET-M, n=3). 5 hours after the last Sal or KET injection, 
UDWV� ZHUH� VDFUL¿FHG� DQG� EUDLQV� ZHUH� SURFHVVHG� KLVWRFKHPLFDOO\�
for caspase-3 (Casp-3), mGluR5, and the astrocyte glutamate 
transporter, EAAT2. Casp-3 labeled neurons were quantitated in: 
prefrontal ctx (Pfr), restrosplenial ctx (Rsp), hippocampus (Hipp) 
and lateral dorsal thalamus (LD). Internalization of EAAT2 was 
assessed by the presence of densely-stained intracellular EAAT2 
label. Regional differences in Casp-3 cells over the different groups 
were compared using one-way ANOVA.

RESULTS:�,Q�WKH�31'��EUDLQ��.(7�LQGXFHG�D�VLJQL¿FDQW�LQFUHDVH�
in Casp-3 cells, compared to saline, in Prf, RSp, Hipp and LD 
(p< .05). Post-sedation MTEP injection in KET-sedated animals 
VLJQL¿FDQWO\� UHGXFHG� WKH�QXPEHU�RI�&DVS���FHOOV� LQ�DOO��� UHJLRQV��
compared to post-sedation Sal treatment. Immuno-labeling for both 
mGluR5 and EAAT2 was predominantly localized to astrocytes. In 
Sal injected rats, EAAT2 label was localized primarily to the cell 
membrane, whereas in KET-SAL rats EAAT2 label was localized 
to densely-labeled cytoplasmic endosomes, indicating reduced 
glutamate transport resulting in increased extra-synaptic glutamate 
(2). In contrast, in KET-MTEP injected rats EAAT2 was localized to 
the cell membrane, similar to Sal injected rats, indicating that MTEP 
treatment restores glutamate transport and reduces extra-synaptic 
glutamate levels.

CONCLUSIONS: The brain engages a variety of strategies 
WR� PDLQWDLQ� WKH� G\QDPLF� UDQJH� RI� JOREDO� DQG� V\QDSVH�VSHFL¿F�
activity. EAAT2 and mGluR5 have both been implicated in brain 
homeostasis 2, and in PND7 rats, both are expressed in astrocytes. 
The current results suggest that the mGluR5 antagonist MTEP 
blocks post-ketamine apoptosis by blocking mGluR5-induced 
F\WRSODVPLF�WUDI¿FNLQJ�RI�WKH�JOXWDPDWH�WUDQVSRUWHU�($$7���OHDGLQJ�
to decreased excitotoxic extrasynaptic glutamate levels and reduced 
neuronal apoptosis. Pharmacological targeting of mGluR5 and 
EAAT2 may ameliorate the deleterious effects of ketamine in the 
neonatal brain, and should be further studied.

REFERENCES:

1.DiMaggio C, et al. Anesth Analg. 2011 113(5):1143-51.

2.Huang YH, et al. J Neurosci. 2004 24(19):4551-9.
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CRITICAL ROLE OF GLUTAMATE TRANSPORTER 
TYPE 3 IN DETERMINING ISOFLURANE EFFECTS ON 
HIPPOCAMPAL GLUR1 TRAFFICKING AND CONTEXT-
RELATED LEARNING AND MEMORY IN MICE

AUTHORS: C. Jiangbei

AFFILIATION: Anesthesiology and Operation Center, the PLA 
Gener, Beijing, China

INTRODUCTION: Glutamate transporter type 3 (EAAT3), the 
major neuronal EAAT, may play a role in learning and memory. 
,VRÀXUDQH�� D� FRPPRQO\� XVHG� YRODWLOH� DQHVWKHWLF�� HQKDQFHV� WKH�
WUDI¿FNLQJ� RI� ($$7�� WR� WKH� SODVPD� PHPEUDQH�� :H� GHWHUPLQHG�
ZKHWKHU�LVRÀXUDQH�DIIHFWHG�ELRFKHPLFDO�SURFHVVHV�IRU�OHDUQLQJ�DQG�
memory via EAAT3.

METHODS: Hippocampus from wild-type or EAAT3 knockout 
PLFH�ZDV�LQFXEDWHG�ZLWK����LVRÀXUDQH�IRU���PLQ��7KH�WUDI¿FNLQJ�RI�
*OX5���DQ�Į�DPLQR���K\GUR[\���PHWK\O���LVR[D]ROHSURSLRQLF�DFLG�
receptor subunit, to the plasma membrane, which is a fundamental 
process for learning and memory, was determined.

RESULTS:� :H� VKRZHG� WKDW� LVRÀXUDQH� LQFUHDVHG� ($$7�� EXW�
did not change the amount of GluR1 in the plasma membrane of 
ZLOG�W\SH� PLFH�� ,VRÀXUDQH� LQFUHDVHG� SURWHLQ� NLQDVH� $� �3.$�� LQ�
the immunoprecipitates prepared by an anti-EAAT3 antibody in 
WKH� ZLOG�W\SH� PRXVH� KLSSRFDPSXV�� $OVR�� LVRÀXUDQH� LQFUHDVHG�
protein phosphatase activity in the hippocampus of wild-type 
and EAAT3 knockout mice. The anesthetic reduced GluR1 in the 
plasma membrane of the EAAT3 knockout mouse hippocampus 
and decreased phosphorylated GluR1 at ser845 in these mouse 
hippocampi. Although the PKA inhibitor KT5720 did not affect 
WKH� LVRÀXUDQH� HIIHFWV� RQ� *OX5�� WUDI¿FNLQJ� DQG� SKRVSKRU\ODWLRQ�
in the EAAT3 knockout mice, the phosphatase inhibitor okadaic 
DFLG�DWWHQXDWHG�WKHVH�LVRÀXUDQH�HIIHFWV��7KH�3.$�DFWLYDWRU���%1=�
F$03�$0�LQFUHDVHG�*OX5��WUDI¿FNLQJ�WR�WKH�SODVPD�PHPEUDQH�RI�
($$7��NQRFNRXW�PRXVH�KLSSRFDPSXV��)LQDOO\��LVRÀXUDQH�LQKLELWHG�
the context-related fear conditioning in the EAAT3 knockout mice.

CONCLUSION:�7KHVH�UHVXOWV�VXJJHVW�WKDW�LVRÀXUDQH�PD\�LQFUHDVH�
*OX5��WUDI¿FNLQJ�WR�WKH�SODVPD�PHPEUDQH�YLD�($$7��DQG�LQKLELW�
*OX5��WUDI¿FNLQJ�YLD�HQKDQFLQJ�SURWHLQ�SKRVSKDWDVH�DFWLYLW\��/DFN�
RI� ($$7�� HIIHFWV� OHDGV� WR� WKH� GHFUHDVHG� *OX5�� WUDI¿FNLQJ� DQG�
LPSDLUHG� OHDUQLQJ� DQG� PHPRU\� DIWHU� LVRÀXUDQH� H[SRVXUH� LQ� WKH�
EAAT3 knockout mice.
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Anesthesia Research Award to Z Zuo, 10GRNT3900019 to Z Zuo, 
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S-166.
BAX IS REQUIRED FOR ANESTHESIA INDUCED 
NEURONAL APOPTOSIS IN NEONATAL MICE

AUTHORS: D. Jardine

AFFILIATION: Anesthesiology and Pediatrics, University of 
Washington, Seattle, WA

INTRODUCTION: Exposure to anesthetics increases apoptosis 
during rapid brain growth in neonatal animals. Epidemiologic 
investigations of human infants exposed to anesthesia suggest that 
anesthetic exposure may be associated with subtle develop mental 
GH¿FLWV�

Anesthetic neurotoxicity may be induced via the intrinsic or 
extrinsic apoptotic pathways1. We hypothesized that BAX, a well-
characterized proapoptotic protein, could have an important role in 
WKH�LQGXFWLRQ�RI�QHXURDSRSWRVLV�DIWHU�H[SRVXUH�WR�LVRÀXUDQH�LQ�LQIDQW�
PLFH��7R�WHVW�WKLV�K\SRWKHVLV��ZH�H[SRVHG�D�VWUDLQ�RI�%$;�GH¿FLHQW�
PRXVH�SXSV�WR�LVRÀXUDQH�DQHVWKHVLD�DQG�TXDQWLWDWHG�QHXURDSRSWRVLV�
LQ�%$;�GH¿FLHQW�PLFH�DQG�%$;�ZLOG�W\SH�PLFH�

METHODS: IACUC approval was obtained for all procedures. 
%$;�GH¿FLHQW� WUDQVJHQLF�PLFH�ZHUH�REWDLQHG� IURP�-DFNVRQ�/DEV�
(strain B6.129X1-Baxtm1Sjk/J). PCR genotyping was performed 
XVLQJ� SULPHUV� VSHFL¿HG� E\� -DFNVRQ� /DEV�� %$;� ZLOG� W\SH� �:7��
DQG� KRPR]\JRXV� %$;� GH¿FLHQW� �%$;� .2�� PLFH� ZHUH� XVHG�
for these experiments. Mouse pups (P6) were exposed to either 
������ LVRÀXUDQH� LQ� URRP� DLU� RU� URRP� DLU� �QR� LVRÀXUDQH�� IRU� ����
minutes in a temperature controlled chamber that was adjusted 
WR�PDLQWDLQ� D� UHFWDO� WHPSHUDWXUH�RI� ���&� LQ� WKH�PRXVH�SXSV��7KH�
PLFH� ZHUH� VDFUL¿FHG� E\� LQWUDSHULWRQHDO� SHQWREDUELWDO� LQMHFWLRQ�
and underwent trans-cardiac perfusion with PBS followed by 4% 
SDUDIRUPDOGHK\GH� IRU� ��PLQXWHV� HDFK��$IWHU� ��� KRXUV� RI� ¿[DWLRQ�
in 4% paraformaldehyde, the right hemisphere of the brain was 
sectioned sagittally (50 µm slices). Every 5th slice was collected 
for histology. Staining was performed with an antibody to cleaved 
caspase-3 (Asp175). Secondary staining was accomplished with a 
ÀXRUHVFHQW�JRDW�DQWL�UDEELW�,J*��6WHUHRORJLFDO�FRXQWLQJ�SURFHGXUHV�
(optical fractionator) were used to count apoptotic cells in the cortex 
and caudate-putamen regions.

RESULTS: At baseline conditions, BAX KO mice had less 
apoptosis in the cortex and caudate-putamen than WT mice. BAX 
KO mice had no increase in neuroapoptosis after exposure to four 
KRXUV�RI�LVRÀXUDQH�DQHVWKHVLD�

CONCLUSIONS: BAX KO infant mice are completely protected 
IURP�QHXURDSRSWRVLV�LQGXFHG�E\�IRXU�KRXVH�RI�LVRÀXUDQH�H[SRVXUH��
This suggests that transient disruption of the apoptotic cascade 
could be exploited as a therapy to reduce or eliminate anesthesia 
induced neurotoxicity during critical periods of development.

REFERENCES:

1. Yon JH. Neuroscience 2005: 135(3): 815-827.

Figure 1: Apoptotic cells in the cortex. BAX KO: homozygous 
%$;�GH¿FLHQW�PLFH��:7��ZLOG�W\SH�PLFH��(UURU�EDUV������6'�

Figure 2: Apoptotic cells in the caudate-putamen. BAX KO: 
KRPR]\JRXV�%$;�GH¿FLHQW�PLFH��:7��ZLOG�W\SH�PLFH��(UURU�EDUV��
± 1 SD.
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S-167.
HYPOTHERMIA PROVIDES MODEST PROTECTION 
AGAINST ANESTHESIA INDUCED NEURONAL 
APOPTOSIS IN NEONATAL MICE

AUTHORS: D. Jardine

AFFILIATION: Anesthesiology and Pediatrics, University of 
Washington, Seattle, WA

INTRODUCTION: Exposure to anesthetics increases apoptosis 
during rapid brain growth in neonatal animals. Epidemiologic 
investigations of human infants exposed to anesthesia suggest that 
H[SRVXUH�PD\�EH�DVVRFLDWHG�ZLWK�VXEWOH�GHYHORSPHQWDO�GH¿FLWV�

A recent report indicated that maintaining brain temperature 
DW� �����&� PD\� SURYLGH� FRPSOHWH� SURWHFWLRQ� DJDLQVW� DQHVWKHVLD�
induced neuroapoptosis in mouse pups1. Because deep hypothermia 
LV� GLI¿FXOW� WR� VDIHO\� PDLQWDLQ� LQ� KXPDQ� SDWLHQWV�� ZH� HOHFWHG� WR�
LQYHVWLJDWH� ZKHWKHU� FRROLQJ� WR� ���&� FRXOG� SURYLGH� HTXLYDOHQW�
protection against neuroapoptosis.

METHODS: IACUC approval was obtained. Mouse pups (P6) 
ZHUH� H[SRVHG� WR� HLWKHU� ������ LVRÀXUDQH� LQ� URRP� DLU� RU� URRP� DLU�
�QR�LVRÀXUDQH��IRU�����PLQXWHV�LQ�D�WHPSHUDWXUH�FRQWUROOHG�FKDPEHU��
Rectal temperature was continuously monitored and the chamber 
ZDV�DGMXVWHG�WR�DFKLHYH�WKH�WDUJHW�UHFWDO�WHPSHUDWXUH�����&�����&��
RU����&���7KH�PLFH�ZHUH�VDFUL¿FHG�E\�LQWUDSHULWRQHDO�SHQWREDUELWDO�
injection and underwent trans-cardiac perfusion with PBS followed 
by 4% paraformaldehyde for 7 minutes each. After 48 hours of 
¿[DWLRQ�LQ����SDUDIRUPDOGHK\GH��WKH�ULJKW�KHPLVSKHUH�RI�WKH�EUDLQ�
was sectioned sagittally (50 µm slices). Every 5th slice was collected 
for histology. Staining was performed with an antibody to cleaved 
caspase-3 (Asp175). Secondary staining was accomplished with a 
ÀXRUHVFHQW�JRDW�DQWL�UDEELW�,J*��6WHUHRORJLFDO�FRXQWLQJ�SURFHGXUHV�
(optical fractionator) were used to count apoptotic cells in the cortex 
and caudate-putamen regions. One way ANOVA analysis was 
performed with the SPSS software.

RESULTS: During the experiment, mouse pups remained active; 
DOWKRXJK� WKH� LVRÀXUDQH� H[SRVHG� SXSV� ORVW� WKHLU� ULJKWLQJ� UHÀH[��
$QLPDOV�H[SRVHG�WR�LVRÀXUDQH�H[KLELWHG�D����IROG��FRUWH[��RU����IROG�
�FDXGDWH�SXWDPHQ��LQFUHDVH�LQ�QHXURDSRSWRVLV�DW����&�FRPSDUHG�WR�
EDVHOLQH� FRQGLWLRQV� �QR� LVRÀXUDQH� H[SRVXUH�� WHPSHUDWXUH� ���&���
,QGXFWLRQ� RI� K\SRWKHUPLD� WR� ���&� UHGXFHG� QHXURDSRSWRVLV� E\�
approximately 30% (29% in cortex, 32% in caudate-putamen). 
,QGXFWLRQ� RI� K\SRWKHUPLD� WR� ���&� IXUWKHU� UHGXFHG� DSRSWRVLV� LQ�
cortical neurons (57% reduction compared to baseline); however, 
OLWWOH� DGGLWLRQDO� EHQH¿W� ZDV� REVHUYHG� LQ� WKH� FDXGDWH�SXWDPHQ 
DW����&�

CONCLUSIONS: We were unable to replicate an earlier study 
ZKLFK�VKRZHG�FRPSOHWH�QHXURSURWHFWLRQ�SURYLGHG�E\������&��2XU�
GDWD�GHPRQVWUDWH�D�PRGHVW�UHGXFWLRQ�LQ�QHXURDSRSWRVLV�DW����&�ZLWK�
IXUWKHU� UHGXFWLRQ� DW� ���&� LQ� WKH� FRUWH[��$OWKRXJK� WKHVH� ¿QGLQJV�
indicate that hypothermia provides modest protection against 
anesthesia induced neuroapoptosis, a safer, more effective and 
easier to implement intervention is desirable.

REFERENCES:

1. Creeley CE. Anesth Analg 2010; 110(2): 442-448.

Figure 1: Apoptotic cells in the cortex. All animals except 
FRQWUROV�ZHUH�H[SRVHG�WR�������LVRÀXUDQH��'LIIHUHQFHV�RI�3������
(ANOVA, Tukey post hoc) are indicated by asterisks. Error bars: 
± 1 SD.

Figure 2: Apoptotic cells in the caudate-putamen. All animals 
H[FHSW�FRQWUROV�ZHUH�H[SRVHG�WR�������LVRÀXUDQH��'LIIHUHQFHV�
EHWZHHQ�JURXSV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQL¿FDQW��(UURU�EDUV� 
± 1 SD.  
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35(6<1$37,&�52/(�2)�Į��$'5(1(5*,&�5(&(37256�
IN RAT HIPPOCAMPAL NEURONS

AUTHORS: M. Hara1, J. P. Baumgart1, Z. Zhou1, H. C. Hemmings2

AFFILIATION: 1Anesthesiology, Weill Cornell Medical College, 
New York, NY, 2Anesthesiology, Pharmacology, Weill Cornell 
Medical College, New York, NY

INTRODUCTION:� Į�� DGUHQHUJLF� DJRQLVWV� KDYH� VHGDWLYH� DQG�
analgesic effects through modulation of the release of norepine-
phrine in noradrenergic neurons of the pons and medulla oblongata. 
$OWKRXJK�Į��DGUHQHUJLF�UHFHSWRUV�DUH�GLVWULEXWHG�ZLGHO\�WKURXJKRXW�
the central nervous system, their functions within non-noradrenergic 
neurons is poorly understood. Conventional electrophysiologic 
UHFRUGLQJV� LQ� EUDLQ� VOLFHV� FDQQRW� UHPRYH� WKH� LQÀXHQFH� RI�
noradrenergic nerve terminals. Therefore we studied individual 
nerve terminals in isolated hippocampal neurons to determine the 
SUHV\QDSWLF�HIIHFWV�RI�Į��UHFHSWRUV�LQGHSHQGHQW�RI�WKHLU�HIIHFWV�RQ�
noradrenergic afferents.

METHODS: Hippocampal CA3-CA1 regions were dissected 
from 1-2 day old Sprague Dawley rats, dissociated, and plated onto 
poly-ornithine coated glass. 7-8 days after plating, neurons were 
transfected with cDNA to express two genetically encoded optical 
SUREHV�LQ�SUHV\QDSWLF�ERXWRQV��/DVHU�VFDQQLQJ�ÀXRUHVFHQFH�LPDJH�
measurements of action potential-evoked neurotransmitter release 
were made using synaptophysin-pHluorin, a reporter of synaptic 
vesicle exocytosis, and intracellular [Ca2+] ([Ca2+]i) was measured 
using the Ca2+-indicator GCaMP6. Exocytosis and [Ca2+]i were 
TXDQWL¿HG�DV�D�IXQFWLRQ�RI�QXPEHU�RI�DFWLRQ�SRWHQWLDOV�

RESULTS:�7UHDWPHQW�RI�FXOWXUHG�KLSSRFDPSDO�QHXURQV�ZLWK�WKH�Į��
adrenergic agonist clonidine (0.5 µM) decreased neurotransmitter 
release to ~70% of control; this inhibitory effect was abolished 
E\�WKH�VHOHFWLYH�Į�A antagonist BRL 44408 (3 µM), but not by the 
VHOHFWLYH�Į�C antagonist JP 1302 (3 µM). Clonidine also inhibited 
action potential evoked increases in [Ca2+]i; the effect of clonidine 
on [Ca2+]i correlated with its effect on exocytosis across a varying 
number of action potentials.

CONCLUSION: In addition to their well known effects in 
modulating norepinephrine release from noradrenergic neurons, 
Į�� DGUHQHUJLF� DJRQLVWV� DOVR� VXSSUHVV� QHXURWUDQVPLWWHU� UHOHDVH�
by inhibiting presynaptic Ca2+� LQÀX[� XSVWUHDP� RI� WKH� H[RF\WRWLF�
release machinery in hippocampal neurons. This provides another 
mechanism of action for their sedative and amnestic effects.

Supported by NIH grant GM58055.
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S-169.
THE BENZODIAZEPINE ANTAGONIST, FLUMAZENIL, 
MITIGATES POST-ANESTHESIA EFFECTS OF 
ISOFLURANE BY IMPROVING VIGILANCE IN A RAT 
MODEL

AUTHORS: P. S. Garcia1, S. C. Burke1, B. L. Raymond1, G. L. 
Keating2, S. R. Baber1, C. Karlapalem1, J. A. Fidler1

AFFILIATION: 1Anesthesiology, Emory University / Atlanta 
VA Medical Center, Atlanta, GA, 2Neurology, Emory University, 
Atlanta, GA

INTRODUCTION: Recently, pharmacologic inhibition of GABA 
DFWLYLW\�XVLQJ�ÀXPD]HQLO�KDV�EHHQ�VKRZQ� WR� LPSURYH�YLJLODQFH� LQ�
hypersomnic patients1. In this study, the authors further explored the 
overlap between sleep and anesthesia by testing the hypothesis that 
ÀXPD]HQLO� ��ZLGHO\� FRQVLGHUHG� D� UHVFXH� GUXJ� IRU� EHQ]RGLD]HSLQH�
WR[LFLW\���LPSURYHV�UHFRYHU\�IROORZLQJ�LVRÀXUDQH�DQHVWKHVLD�

METHODS: Using adult rats anesthetized for 30 minutes with 
LVRÀXUDQH��D�*$%$�HQKDQFLQJ�LQKDOHG�DQHVWKHWLF��WKH�DXWKRUV�WHVWHG�
WKH�HIIHFW�RI�SUH�HPHUJHQFH�DGPLQLVWUDWLRQ�RI�ÀXPD]HQLO�RQ�WLPH�WR�
UHFRYHU�WKH�ULJKWLQJ�UHÀH[��55���DV�ZHOO�DV�LWV�HIIHFW�RQ�SK\VLRORJLF�
parameters, general activity, and memory in the post-anesthesia 
state. A histological examination of anesthetic-induced neuro-
apoptosis was also performed. Similar experiments were performed 
in animals instrumented with EEG/EMG electrodes for assessing 
sleep during recovery from general anesthesia. Sleep-wake data 
was scored automatically using Somnologica Science software and 
then reviewed and edited for artifact removal (if necessary) on an 
epoch-by-epoch basis. All animals were housed in a 12:12 h light-
dark cycle lights off at 7 p.m. Memory testing was performed during 
the active period.

RESULTS: Flumazenil (0.4 mg/kg) decreased mean time to 
RR by a modest amount, and improved performance on a novel 
object recognition memory task performed 5 hours after anesthetic 
recovery. Flumazenil had little effect on general activity or 
physiologic and respiratory factors under general anesthesia. But, 
ÀXPD]HQLO�WUHDWHG�DQLPDOV�VSHQW�PRUH�WLPH�DZDNH�LQ�WKH�¿UVW�DFWLYH�
period following their anesthetic than the saline-treated animals. 
Histologic examination revealed a dose-dependent decrease in 
caspase-3 positive cells in the hippocampus, midbrain, and cortex 
LQ� DQLPDOV� DGPLQLVWHUHG� ÀXPD]HQLO� XSRQ� FHVVDWLRQ� RI� LVRÀXUDQH�
anesthesia (Figure).

DISCUSSION:� 7KH� DXWKRUV� FRQFOXGH� WKDW� ÀXPD]HQLO� DFWLYHO\�
SURPRWHV� HPHUJHQFH� IURP� LVRÀXUDQH� DQHVWKHVLD� ZKLOH� PLWLJDWLQJ�
some of the deleterious effects of this anesthetic on memory and 
QHXURQDO� YLDELOLW\��7KHVH�¿QGLQJV� VXJJHVW� WKDW�ÀXPD]HQLO�PD\�EH�
a useful clinical adjunct to anesthetic practice to rapidly reverse 
general anesthesia and to possibly prevent cognitive problems 
after anesthesia. The authors also conclude that different post-
DQHVWKHVLD� HPHUJHQFH� WUDMHFWRULHV� FDQ� LQÀXHQFH� FRJQLWLRQ� EH\RQG�
the immediate recovery period and emergence could be a critical 
time to pharmacologically intervene for improved post-anesthesia 
cognitive recovery.

REFERENCES:

1.  Rye DB, Bliwise DL, Parker K, Trotti LM, Saini P, Fairley J, 
Freeman A, García PS, Owens MJ, Ritchie JC, Jenkins A. 
Modulation of Vigilance in the Primary Hypersomnias by 
Endogenous Enhancement of GABA(A)Receptors. Science 
Translational Medicine. 2012 Nov 21; 4(161).
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S-170.
PATHOPHYSIOLOGIC DEFICITS IN THE HIPPOCAMPUS 
OF THE SPRAGUE DAWLEY RAT AFTER REPEATED 
ISOFLURANE EXPOSURE

AUTHORS: R. Long1, E. Prager1, J. Capacchione2, M. Braga1

AFFILIATION: 1Anatomy, Physiology and Genetics; Program 
in Neuroscience, Uniformed Services University of the Health 
Sciences, Rockville, MD, 2Department of Anesthesiology, 
Uniformed Services University of the Health Sciences, 
Rockville, MD

INTRODUCTION: General anesthesia is delivered to nearly 
21 million patients 1 annually; approximately 31-40% of patients 
experience postoperative cognitive dysfunction (POCD) - a transient 
deterioration in cognitive performance following surgery under 
anesthesia3,4���DW�WLPH�RI�GLVFKDUJH�DQG�D�VLJQL¿FDQW�QXPEHU�FRQWLQXH�
to experience POCD three months after surgical intervention2. 
Transient impairments in cognitive and behavioral function have 
been characterized in patients following a single exposure to 
volatile anesthesia 5,6�� 6LPLODUO\�� OHDUQLQJ� DQG� PHPRU\� GH¿FLWV�
have been observed in young and aged animals after exposure to 
a single volatile anesthesia 7,8. However, the cumulative effects of 
repeated exposure to a volatile general anesthetic remain unknown, 
as this is often employed in individuals requiring multiple surgical 
interventions.

METHODS:� :H� LQYHVWLJDWHG� WKH� HIIHFWV� RI� UHSHDWHG� LVRÀXUDQH�
exposure on learning and memory in spontaneous ventilating 
10-week-old Sprague Dawley rats. Animals were exposed to an 
LQGXFWLRQ�GRVH�RI�LVRÀXUDQH�RI������LQ������R[\JHQ��2QFH�DQLPDOV�
ORVW�WKHLU�DELOLW\�WR�PDLQWDLQ�ULJKWLQJ�UHÀH[�LVRÀXUDQH�FRQFHQWUDWLRQ�
was lowered to 1.5% in 100% oxygen. Animals remained under 
general anesthesia for one-hour every other day, for a total of three 
exposures in one week. Using electrophysiological techniques 
ZH� H[DPLQHG� WKH� HIIHFWV� RI� UHSHDWHG� H[SRVXUHV� WR� LVRÀXUDQH� RQ�
the induction and maintenance of long-term potentiation (LTP), a 
cellular model of learning and memory, in the rat hippocampal CA1 
UHJLRQ�� ,Q� DGGLWLRQ�� ZH� LQYHVWLJDWHG� ZKHWKHU� UHSHDWHG� LVRÀXUDQH�
affected spatial learning and memory using the Morris water maze.

RESULTS:�2QH�GD\�IROORZLQJ�UHSHDWHG�LVRÀXUDQH�H[SRVXUH��/73�
ZDV� VLJQL¿FDQWO\� LQFUHDVHG� FRPSDUHG� ZLWK� QDwYH� FRQWUROV� �S�  �
0.023) in the CA1 hippocampal region, while at one-week after the 
¿QDO� VHVVLRQ�� /73�ZDV� LQKLELWHG� FRPSDUHG� WR� EDVHOLQH� UHFRUGLQJV�
(p = 0.038). LTP recovered to baseline levels one-month after the 
¿QDO� LVRÀXUDQH� H[SRVXUH� �S�  � �������� 2QH� ZHHN� DIWHU� H[SRVXUH��
animals spent less time in the hidden platform quadrant (p = 0.007), 
did not travel as far in total distance (p = 0.021), and took longer to 
reach the quadrant (p = 0.015). 30 days after exposure, however, a 
complete recovery in spatial learning and memory were observed as 
exposed animals did not differ from controls.

CONCLUSIONS: These data suggest that repeated exposure 
to volatile agent general anesthesia may produce adverse effects 
on hippocampal-dependent memory and learning, but over time 
animals will recover.

REFERENCES:

1. The Joint Commission, Sentinel Event Alert 2004

2. Anesthesiology 108, 18-30, 2008

3. Neuropharmacology 56, 626-636, 2009

4. Neuropharmacology 61, 1354-1359, 2011

5. Acta anaethesiologica Scandinavica 47,260-266, 2003

6. Lancet 351, 857-861, 1998

7. Anesthesiology 100, 309-314, 2004

8.  Annales francaises d’anesthesie et de reanimation 31, e61-66, 
2012
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WITHDRAWN.

S-172.
MOPPS: MEMORIES OF THE PERIOPERATIVE PERIOD 
STUDY 

AUTHORS: Y. Chen1, A. Cai1, B. A. Fritz1, F. Dexter2, K. Pryor3, 
M. S. Avidan1, A. Winter1

AFFILIATION: 1Anesthesiology, Washington University School 
of Medicine, Saint Louis, MO, 2Anesthesia, University of Iowa, 
Iowa City, IA, 3Anesthesiology, Weill Cornell Medical College, 
New York, NY

INTRODUCTION: The extent to which patients remember 
the perioperative period has implications for assessing patient 
satisfaction with individual anesthesiologists, for timing of 
informed consent, and for provision of medical information. The 
primary hypothesis was that the majority of surgical patients do not 
remember the operating room (OR). Secondary hypotheses were 
that many patients only remember events prior to the preoperative 
holding area, and that amnesic medication doses as well as patient 
factors impact memories of perioperative locations.

METHODS: This was a retrospective study of patients from 
two clinical trials (n=8100) that focused on prevention of 
DZDUHQHVV� GXULQJ� LQWHQGHG� JHQHUDO� DQHVWKHVLD�� $� PRGL¿HG� %ULFH�
questionnaire was administered at 1-3 and 30 days postoperatively. 
Patient responses to the questions “What was the last thing you 
UHPHPEHUHG�EHIRUH�JRLQJ�WR�VOHHS"´�DQG�³:KDW�ZDV�WKH�¿UVW�WKLQJ�
you remembered after waking up?” were analyzed, and locations 
were coded (e.g. holding area, OR, recovery area) based on patient 
descriptions. The proportions of patients who, at 30 days after 
their surgery, did not remember perioperative locations of interest 
were ascertained. Logistic regression analyses were performed for 
patients not remembering the OR before surgery and for patients 
remembering the OR after surgery, both at 30 days postoperatively. 
To assess the stability of memories, reports on locations recalled 
between 1-3 days were compared with those recalled at 30 days 
postoperatively.

RESULTS: More than half the patients did not remember the OR 
both before and after surgery (P < 0.0001; 2187/4067; 95% CI, 
52.2% to 55.3%). Fifty-six percent of patients did not remember the 
OR before surgery (3353/5990; 95% CI, 54.7% to 57.2%), and 95% 
did not remember the OR after surgery (4327/4564; 95% CI, 94.1% 
to 95.4%). Fifteen percent of patients (892/5990; 95% CI, 14.0% 
to 15.8%) not only did not remember the OR, they did not even 
remember being in the preoperative holding area.

Midazolam dose, administered in the preoperative holding area or 
in the OR before induction, and increased age were independent 
predictors of not remembering the OR before surgery (both 
3���������1R�YDULDEOH�VLJQL¿FDQWO\�SUHGLFWHG�UHPHPEHULQJ�WKH�25�
after surgery (all P>0.11).

Forty-one percent of patients (2077/5122; 95% CI, 39.2% to 
41.9%) changed their answer regarding memory of last location 
before surgery between 1-3 and 30 days postoperatively, and 40% 
of patients (1388/3517; 95% CI, 37.9% to 41.1%) changed their 
DQVZHU�UHJDUGLQJ�PHPRU\�RI�¿UVW�ORFDWLRQ�DIWHU�VXUJHU\�

CONCLUSIONS: There is likely to be absence of content validity 
for postoperative assessment of satisfaction with individual 
anesthesiologists’ care among patients undergoing general anesthesia. 
Preventing many patients from experiencing perioperative amnesia 
(e.g., to facilitate assessment of anesthesiologists) might not be 
achievable or indeed desirable. The extent of perioperative amnesia 
may argue against obtaining consent and providing information just 
before surgery among sicker patients.

REFERENCES: N/A
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POSTANESTHETIC MEMORY DEFICITS IN MICE ARE 
CAUSED BY INCREASED ACTIVITY OF EXTRASYNAPTIC 
GABA(A) RECEPTORS

AUTHORS: A. A. Zurek1, Y. Jieying1, B. A. Orser2

AFFILIATION: 1Physiology, University of Toronto, Toronto, ON, 
Canada, 2Anesthesia, Physiology, University of Toronto, Ontario, 
ON, Canada

BACKGROUND:� *HQHUDO� DQHVWKHWLFV� FDXVH� PHPRU\� GH¿FLWV�
that persist long after the anesthetic has been eliminated. The 
FHOOXODU� PHFKDQLVPV� XQGHUO\LQJ� WKHVH� GH¿FLWV� DUH� XQNQRZQ� DQG�
WR�GDWH��QR�VSHFL¿F�WUHDWPHQWV�KDYH�EHHQ�GHYHORSHG��,W�LV�DVVXPHG�
that anesthetics do not affect the function of their target receptors 
once they are eliminated. However, we previously showed that 
SKDUPDFRORJLFDOO\�LQKLELWLQJ�Ȗ�DPLQREXW\ULF�DFLG�W\SH�$�UHFHSWRUV�
WKDW�FRQWDLQ�WKH�Į��VXEXQLW��Į�*$%$�$�UHFHSWRU��ERWK�SUHYHQWV�DQG�
UHYHUVHV�PHPRU\�GH¿FLWV�DIWHU�DQHVWKHVLD�LQ�PLFH��$QHVWKHVLRORJ\�
2010: 113 (5): 1061-71, Anesth Analg 2012: 114 (4): 843-55). Here, 
ZH� WHVWHG� WKH�K\SRWKHVLV� WKDW�Į�*$%$�$�UHFHSWRUV�DUH�QHFHVVDU\�
IRU� WKH� GHYHORSPHQW� RI� DQHVWKHWLF�LQGXFHG� PHPRU\� GH¿FLWV� DQG�
that the expression and activity of these receptors is enhanced after 
anesthesia.

METHODS:� :LOG�W\SH� �:7�� DQG� Į�*$%$�$� UHFHSWRU� QXOO�
mutant (Gabra5-/-) mice were treated with the intravenous 
anesthetic etomidate (8 mg/kg i.p.). Memory was assessed 24 h, 
72 h and 1 week later with the object recognition task. In other 
studies, mice were treated with etomidate and hippocampal slices 
ZHUH�SUHSDUHG����K�ODWHU��$FWLYLW\�RI�Į�*$%$�$�UHFHSWRUV�LQ�WKHVH�
slices was studied by measuring the amplitude of a tonic inhibitory 
conductance in CA1 pyramidal neurons using whole cell recording 
methods. Additionally, surface biotinylation and Western blotting 
ZHUH�XVHG�GHWHFW�SRWHQWLDO�FKDQJHV�LQ�VXUIDFH�H[SUHVVLRQ�RI�WKH�Į��
subunit in hippocampal slices.

RESULTS:� :7� EXW� QRW� *DEUD��� PLFH� H[KLELW� LPSDLUHG�
recognition memory for at least 72 h after etomidate. The amplitude 
of the tonic conductance is increased after etomidate in WT slices 
EXW� QRW� *DEUD��� VOLFHV�� 6LPLODUO\�� WKH� VXUIDFH� H[SUHVVLRQ� RI�
Į�*$%$�$�UHFHSWRUV�ZDV�LQFUHDVHG����K�DIWHU�HWRPLGDWH�WUHDWPHQW�

DISCUSSION:�7KHVH�UHVXOWV�VKRZ�WKDW�Į�*$%$�$�UHFHSWRUV�DUH�
QHFHVVDU\�IRU�SRVW�DQHVWKHWLF�PHPRU\�GH¿FLWV��)XUWKHU��WKH�PHPRU\�
GH¿FLWV�DUH�DVVRFLDWHG�ZLWK�D� ORQJ�WHUP�LQFUHDVH�LQ�WKH�H[SUHVVLRQ�
DQG� IXQFWLRQ� RI� Į�*$%$�$� UHFHSWRUV��+HUH��ZH� SURYLGH� WKH�¿UVW�
evidence that a commonly used general anesthetic increases the cell-
surface expression of a target receptors and this increase persists 
long after the anesthetic has been eliminated.
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S-174.
NEONATAL EXPOSURE TO NITROUS OXIDE DISTURBS 
GRANULE CELL MIGRATION IN THE RAT DENTATE 
GYRUS

AUTHORS: H. Saito, R. Kato, T. Hashimoto, Y. Uchida, 
T. Hase, K. Takita, Y. Morimoto

AFFILIATION: Department of Anesthesiology and Critical Care 
Medicine, Hokkaido University Graduate School of Medicine, 
Sapporo, Japan

INTRODUCTION: In the early postnatal period, granule cell (GC) 
progenitors of the hippocampal dentate gyrus (DG) are generated 
in the dentate hilus area, and then GCs migrate to the granule cell 
layer (GCL). On the other hand, it has been reported that the signal 
via N-methyl-D-aspartate (NMDA) receptor regulates neural cell 
migration in synaptogenesis period. Since nitrous oxide (N2O), 
which is one of the commonly used anesthetics, has anti-NMDA 
property; neonatal N22�H[SRVXUH�KDV�WKH�SRWHQWLDO�WR�LQÀXHQFH�WKH�
migration of GCs.

METHODS:�7R�HYDOXDWH�WKH�LQÀXHQFH�RI�QHRQDWDO�12O exposure 
on the migration of neonatally generated GCs, we examined the 
localization of GCs by histological method. This experiment was 
approved by the Committee for Animal Research of the Hokkaido 
University Graduate School of Medicine. At postnatal day 6 (P6), 
Wistar strain male rat pups were subcutaneously administered 
5-bromo-2’-deoxyuridine (BrdU) as the neurogenesis marker. At P7, 
rats were exposed to 50% nitrous oxide with 50% oxygen (N group) 
or to air (Control group) for 2 h. At P21, under deep anesthesia, 
rats were transcardially perfused with phosphate buffered saline 
followed by 4% paraformaldehyde. After the perfusion, the brains 
ZHUH� UHPRYHG� DQG� SRVW¿[HG�� WKHQ� FU\RVHFWLRQHG�� ,Q� WKH� GRXEOH�
LPPXQRÀXRUHVFHQW� VWDLQLQJ�� DQWLERGLHV� DJDLQVW� %UG8� DQG� WKH�
GC marker prospero-related homeobox 1 (Prox1) were used. 
The localization of BrdU/Prox1 co-labeled cells was assessed by 
confocal microscopy. All the co-labeled cells were counted for the 
hilus and the GCL in 6-10 sections from each rat, and then the ratio 
of hilar/total GCs (ectopic ratio) was calculated in each rat, and the 
data were analyzed using unpaired t test.

RESULTS: The ectopic ratio of the N group (N=7, 53.9±4.7%) 
ZDV�VLJQL¿FDQWO\�KLJKHU� WKDQ�WKH�FRQWURO�JURXS��1 ��������������
�3���������¿JXUH�����

CONCLUSIONS: This result suggests that neonatal N2O exposure 
causes the derangement of the GC migration in the neonatal rat 
DG. As described above, it has been indicated that the appropriate 
NMDA signal during synaptogenesis period is necessary to regulate 
the neural cell migration normally. Excessive anti-NMDA signaling 
evoked by neonatal N2O exposure may disturb the GC cell 
migration in the rat DG.
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S-175.
GESTATIONAL PROPOFOL EXPOSURE INDUCES 
NEUROAPOPTOSIS AND LONG-TERM BEHAVIORAL 
DEFICITS IN OFFSPRING RATS

AUTHORS: J. Reyes, S. K. Puri, J. LI, M. Xiong, J. D. Eloy,  
J. H. Ye, A. Bekker

AFFILIATION: Anesthesiology, Rutgers – New Jersey Medical 
School, Newark, NJ

INTRODUCTION:�'UXJV�WKDW�LQKLELW�Ȗ�DPLQREXW\ULF�DFLG�W\SH�$�
(GABAA) and N-methyld-aspartate (NMDA) receptors have been 
shown to cause neurotoxicity in animal models. A recent study on 
rhesus macaques demonstrates that prenatal propofol exposure may 
cause apoptosis in the fetal brain1. The long-term consequences of 
prenatal propofol exposure, however, are unknown. The present 
study explored the effect of maternal propofol exposure on the fetal 
brain, in addition to learning and memory in offspring rats.

METHODS: With IACUC approval, we conducted experiments 
on 30 pregnant Sprague-Dawley rats, which were randomly divided 
into three groups which received propofol, intralipid emulsion (the 
vehicle of propofol) and saline (control). Propofol, intralipid or 
saline was administered to pregnant rats (gestational day 18) by 
continuous infusion via tail vein (IV) catheters. In order to avoid 
hypoxia and hypercapnia, the dams undergoing propofol treatment 
were intubated and supported with controlled mechanical ventilation 
at 60-70% FiO2. Vital signs such as heart rate, arterial oxygen 
saturation, and pulse distention were continuously monitored using 
D� 3XOVH� 2[LPHWHU�� 7KH� WHPSHUDWXUH� ZDV�PDLQWDLQHG� DW� ���� ����&�
with a heating lamp and temperature controller. Arterial blood gases 
were analyzed at 15 minute intervals. Dams treated with intralipid 

S-175 • CONTINUED ON NEXT PAGE

or saline were allowed to move freely in the home cage during 
infusion. C-sections were performed 6 hours post infusion and fetal 
brain tissue was harvested. The tissue samples were subjected to the 
Western blot and immunohistochemistry to assess for interleukin-6 
(IL-6) and caspase-3 levels. Learning and memory function in 
a different cohort of offspring rats was assessed in a radial 8-arm 
maze.

RESULTS: The maternal vital signs and blood gas analysis 
indicated that the dams undergoing general anesthesia were stable. 
(Fig. 1 and Table 1) This suggests that the methods used to support 
the pregnant rats during propofol general anesthesia effectively 
eliminate hypoxia and hyper- or hypo-glycemia as confounding 
variables. Propofol anesthesia, but not intralipid emulsion increased 
cleaved caspase-3 levels (propofol 404 ± 42.23% [mean ± S.M.E.] 
VS. control 100% ± 21.58%) and IL-6 levels (propofol 139 ± 8.10% 
[mean ± S.M.E.] VS. control 100% ± 5.82%) in the fetal rats. (Fig. 
2) Caspase-3 activation occurred primarily in the cerebral cortex 
and thalamic regions of the exposed rodent brains. Double staining 
with antibodies to cleaved caspase-3 and antibodies to NeuN 
demonstrated that most of the cleaved caspase-3 positive cells were 
neurons. (Fig. 3). Moreover, the offspring from propofol treated 
dams made more errors and took longer to complete the maze task 
DFURVV�¿YH�GD\V�RI�WHVWLQJ�DQG�PDGH�OHVV�FRUUHFW�FKRLFHV�SULRU�WR�WKH�
¿UVW�HUURU�FRPSDUHG�WR�DJH�PDWFKHG�FRQWUROV�RQ�SRVWQDWDO�GD\����LQ�
the radial 8-arm maze. (Fig. 4)

CONCLUSION: These results indicate that prenatal propofol 
exposure may induce neuroapoptosis in the fetal brain, and lead to 
OHDUQLQJ�DQG�PHPRU\�GH¿FLWV�LQ�RIIVSULQJ�UDWV�

REFERENCES:

1. Br J Anaesth, 2013. 110 Suppl 1: p. i29-38.
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S-176.
SOLUBLE EPOXIDE HYDROLASE POLYMORPHISMS ARE 
ASSOCIATED WITH OUTCOME AFTER ANEURYSMAL 
SUBARACHNOID HEMORRHAGE

AUTHORS: R. Martini1, J. Ward1, D. Siler1, J. M. Eastman1, J. 
Nelson1, N. Alkayed1, J. Cetas2

AFFILIATION: 1Anesthesiology and Perioperative Medicine, 
Oregon Health and Science University, Portland, OR, 2Neurological 
Surgery, Oregon Health and Science University, Portland, OR

INTRODUCTION:�3DWKRORJLF�DOWHUDWLRQV� LQ�FHUHEUDO�EORRG�ÀRZ�
are common after aneurysmal subarachnoid hemorrhage (SAH), 
and often manifest as delayed cerebral ischemia (DCI), stroke, and 
poor outcome. Epoxyeicosatrienoic acids (EETs) are arachidonic 
acid metabolites that play an important role in cerebral blood 
ÀRZ�UHJXODWLRQ�DQG�QHXURSURWHFWLRQ�DIWHU�EUDLQ� LQMXU\��((7V�KDYH�
properties that may mitigate the risk of DCI after SAH, including 
FHUHEUDO� YDVRGLODWLRQ� DQG� LQKLELWLRQ� RI� LQÀDPPDWLRQ�� 6LQJOH�
nucleotide polymorphisms in the gene for the enzyme soluble 
epoxide hydrolase (sEH), which inactivates EETs, have been shown 
to alter baseline EETs levels via enzyme activity variation. These 
polymorphisms are common in humans and have been linked to 
ischemic stroke risk and outcome, but their role in SAH has not 
previously been evaluated. In this prospective observational study 
of patients with SAH, we compare vital and neurologic outcomes 
based on functional genetic polymorphisms of sEH.

METHODS: Blood samples were obtained after informed consent. 
Allelic discrimination based on quantitative real-time PCR was 
used to differentiate wild-type (WT) sEH from K55R heterozygotes 
(predictive of increased sEH activity and reduced EETs; thus, harmful 
genotype) and R287Q heterozygotes (predictive of decreased sEH 
activity and increased EETs; thus, protective genotype). Medical 
records were reviewed for demographics and important physiologic 
and outcome data. The primary outcome was new stroke after SAH. 
Secondary outcomes were mortality, Glasgow outcome scale (GOS) 
score and neurologic deterioration attributable to DCI, based on 
recent multicenter consensus guidelines.

RESULTS: There were no differences in demographic 
characteristics between the groups. Multivariable logistic regression 
models adjusted for admission age and Glasgow coma scale revealed 
an increase in the odds of new stroke (OR 5.48; 1.51-19.91) and 
mortality (OR 7.62; 1.19-48.7) in the K55R group, but no change in 
the odds of new stroke (0.56; 0.16-1.96) or death (3.09; 0.51-18.52) 
compared to WT sEH group. R287Q genotype was associated with 
UHGXFHG�RGGV�RI�KDYLQJ�D�*26�������������������������7KHUH�ZHUH�QR�
VLJQL¿FDQW�GLIIHUHQFHV�DPRQJ�JHQRW\SHV�LQ�WKH�RGGV�RI�QHXURORJLF�
deterioration due to DCI.

CONCLUSIONS: Genetic polymorphisms of sEH are associated 
with, and may predict neurologic and vital outcomes after aneurysmal 
SAH. The link between sEH polymorphisms and EETs levels after 
injury remains unknown, as does the relationship between EETs and 
outcomes after injury. Elucidating these relationships may identify 
a role for sEH inhibitor drug therapy in the treatment of DCI after 
SAH.

REFERENCES:

1. Future Neurol. 2009; 4:179-199.

2. Trends Neurosci . 2009; 32:160-169.

3. Front Biosci. 2008; 13:2833-2841.

4. Hum Mol Genet. 2006; 15:1640-1649.

5. Stroke. 2010; 41:2391-2395.

S-177.
INFLAMMATION INCREASES NEURONAL SENSITIVITY 
TO GENERAL ANESTHETICS IN MICE

AUTHORS: S. Avramescu1, W. T. To2, D. Wang3, A. Penna3, 
I. Lecker3, B. A. Orser4

AFFILIATION: 1Department of Anesthesia, University of 
Toronto, Sunnybrook Health Sciences Centre, ON, Canada, 
2Department of Physiology, University of Toronto, Toronto, 
ON, Canada, 3Department of Physiology, University of Toronto, 
University of Toronto, ON, Canada, 4Department of Anesthesia 
and Physiology, University of Toronto, University of Toronto, 
ON, Canada

INTRODUCTION AND GENERAL PURPOSE OF THE 
STUDY: The sensitivity to general anesthetics is often enhanced 
in critically ill patients through mechanisms that are poorly 
understood1. This hypersensitivity is frequently attributed to altered 
drug pharmacokinetics2 or patient hemodynamic instability3. 
Most general anesthetics are positive allosteric modulators of the 
LQKLELWRU\�Ȗ�DPLQREXW\ULF�DFLG�W\SH�$��*$%$$��UHFHSWRU4. Recent 
HYLGHQFH� VKRZV� WKDW� LQÀDPPDWLRQ�� ZKLFK� XVXDOO\� DFFRPSDQLHV�
critical illnesses, increases the surface expression of GABAA 
receptors5�� +HUH�� ZH� VWXGLHG� WKH� K\SRWKHVLV� WKDW� LQÀDPPDWRU\�
factors increase the sensitivity of neurons to anesthetics.

METHODS: Cultured hippocampal neurons were pre-treated with 
WKH�SUR�LQÀDPPDWRU\�F\WRNLQH�,/��ȕ�RU�D�FRQWURO�VROXWLRQ��*$%$�
evoked currents were recorded in the absence and presence of an 
intravenous anesthetic (etomidate) or an inhalational anesthetic 
�LVRÀXUDQH��XVLQJ�ZKROH�FHOO�SDWFK�FODPS� WHFKQLTXHV�� ,Q�DGGLWLRQ��
ZH� VWXGLHG� WKH� HIIHFWV� RI� V\VWHPLF� LQÀDPPDWLRQ� RQ� EHKDYLRXUDO�
VHQVLWLYLW\� WR� HWRPLGDWH� DQG� LVRÀXUDQH� LQ� DGXOW� PDOH� PLFH� LQ�
YLYR�� $QLPDOV� ZHUH� WUHDWHG� ZLWK� WKH� SUR�LQÀDPPDWRU\� DJHQW�
lipopolysaccharide (LPS) and anesthetic-induced loss of righting 
UHÀH[� �/255�� DQG� ORVV� RI� WDLO�FODPS�ZLWKGUDZDO� UHÀH[� �/27:�
were measured.

RESULTS AND MAJOR FINDINGS: The amplitude of 
*$%$�HYRNHG� FXUUHQW� ZDV� ��IROG� JUHDWHU� LQ� ,/��ȕ�WUHDWHG�
neurons compared to controls. Etomidate further increased the 
*$%$� FXUUHQW� XS� WR� ����IROG� LQ� ,/��ȕ� WUHDWHG� FHOOV� FRPSDUHG� WR�
FRQWUROV�� 6LPLODUO\�� LVRÀXUDQH�PHGLDWHG� *$%$� FRQGXFWDQFH� ZDV�
��IROG�JUHDWHU� LQ�,/��ȕ�WUHDWHG�QHXURQV�FRPSDUHG� WR�FRQWUROV��7KH�
FRQFHQWUDWLRQ�UHVSRQVH�SORWV� IRU� HWRPLGDWH� DQG� LVRÀXUDQH� VKRZHG�
that the EC50 values were similar (Control etomidate 10.7 ± 6.7 
ȝ0��Q ��YHUVXV�,/��ȕ�HWRPLGDWH����������ȝ0��Q ���S �����&RQWURO�
LVRÀXUDQH� ������ �� ����� ȝ0�� Q �� YHUVXV� ,/��ȕ� LVRÀXUDQH� ������
�� ����� ȝ0�� Q ���� S ����� ZKHUHDV� WKH� PD[LPDO� UHVSRQVHV� ZHUH�
increased (Control etomidate 1017 ± 202.2 pA, n=5 versus IL-
�ȕ� HWRPLGDWH� �������������S$�� Q ��� S��������&RQWURO� LVRÀXUDQH�
������������S$��Q ��YHUVXV�,/��ȕ�LVRÀXUDQH������������S$��Q ����
S��������/36�LQFUHDVHG�WKH�VHQVLWLYLW\�WR�HWRPLGDWH��DQG�LVRÀXUDQH�
LQGXFHG�/255�DQG�HWRPLGDWH�LQGXFHG�/27:��,VRÀXUDQH�LQGXFHG�
LOTW, which is not a GABAA receptor dependent behavioural 
endpoint, was unaffected by LPS.

CONCLUSIONS: Neuronal sensitivity to both an injectable and 
LQKDOHG� DQHVWKHWLF� ZDV� PXFK� JUHDWHU� LQ� FHOOV� WUHDWHG� ZLWK� ,/��ȕ�
compare to controls. Behavioural studies corroborated our in vitro 
¿QGLQJV�� 7KHVH� UHVXOWV� QHHG� WR� EH� FRQVLGHUHG� ZKHQ� VHOHFWLQJ� DQ�
appropriate dose of anesthetics for critically ill patients.

REFERENCES:
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2. J Pharm Sci 2003; 92:104-114.

3. Anesthesiology 2003; 99:409-420.
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S-178.
OPTOGENETIC DISSECTION OF THE NEURONAL 
CIRCUITS OF THE MOUSE RESPIRATORY NETWORK

AUTHORS: M. G. Fortuna1, S. Kugler2, S. Hülsmann1

AFFILIATION: 1Neurophysiology, University Medical Center 
Gottingen, Gottingen, Germany, 2Neurology, University Medical 
Center Gottingen, Gottingen, Germany

INTRODUCTION: Neural circuitry controlling breathing in 
mammals is organized within brainstem compartments, which 
regulate its own activity by feedback loops, and extend from the 
pons to the lower medulla. The core network, that generates the 
respiratory rhythm and shapes inspiratory and expiratory motor 
patterns, is distributed among three adjacent functional structures 
in the ventrolateral medulla: the Bötzinger complex (BötC), pre-
Bötzinger complex (preBötC) and rostral ventral respiratory group 
(rVRG).

METHODS: We sought to investigate the role of a genetically 
GH¿QHG�SRSXODWLRQ�RI�LQKLELWRU\�JO\FLQHUJLF�QHXURQV�RI�WKLV�QHWZRUN��
located in the BötC and preBötC, by combining optogenetics using 
the in-situ working heart-brainstem preparation. In order to achieve 
selective expressions of the Channelrhodopsin-2 (ChR2) transgene 
in restricted population of glycinergic neurons, we combined mice 
genetics (GlyT2-Cre mice;1) with stereotactical AAV-virus injection 
(DIO-Chr2-EYFP) allowing Cre-mediated expression of ChR2 
in inhibitory neurons. Animals were incubated at least 2 weeks 
post injection (usually 2-4 weeks), and then were used for in situ 
experiments. Working heart-brainstem preparation is an arterially 
perfused, decorticated preparation that produces in vivo-like 
respiratory rhythm and is widely used to study autonomic nervous 
system. For the purpose of this study, ventral medullary surface was 
exposed, to allow blue light stimulation (473 nm, delivered by a 
¿EHU� RSWLF�� WKURXJK� WKH� YHQWUDO�PHGXOODU\� VXUIDFH�� DW� WKH� OHYHO� RI�
BötC and preBötC.

RESULTS: Tonic (30-45s, 33Hz pulses) stimulation of the 
glycinergic neurons of the BötC and pre-BötC resulted in depression 
of the inspiratory frequency of about 45%, independent of the level 
of baseline activity. The effect on the PND amplitude was variable. 
Burst stimulation (1.5s, 33Hz, variable interval) had the capacity 
to stabilize or disrupt the rhythm, dependent of the frequency 
of stimulation.

CONCLUSIONS: This work shows that glycinergic neurons 
located in the BötC /preBötC are important components of the 
circuitry controlling breathing. The activity of these cells seems to 
be especially vital for the control of the duration of the expiratory 
period and transition from expiration to inspiration. Taken together 
RXU� WHFKQLTXH� ZLWK� VHOHFWLYH� DFWLYDWLRQ� RI� LGHQWL¿HG� QHXURQDO�
populations allows not only the detailed analysis the respiratory 
network but also represents a novel tool for the functional analysis 
of anesthetics and the action on the respiratory network.

REFERENCES:
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(2010) Generation of a mouse line expressing Cre recombinase 
in glycinergic interneurons. Genesis 48:437-45.
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S-179.
DIFFERENTIAL NEURONAL DYNAMICS IN 
SOMATOSENSORY VERSUS HIGHER-ORDER CORTICES 
DURING RECOVERY FROM PROPOFOL ANESTHESIA 
IN PRIMATES

AUTHORS: Y. Ishizawa1, S. Patel2, O. J. Ahmed3, D. Sierra-
Mercado2, E. N. Brown1

AFFILIATION: 1Anesthesia, Critical Care & Pain Medicine, 
Massachusetts General Hospital, Boston, MA, 2Neurosurgery, 
Massachusetts General Hospital, Boston, MA, 3Neurology, 
Massachusetts General Hospital, Boston, MA

INTRODUCTION: The mechanisms of neural recovery from 
anesthetic-induced unconsciousness are poorly understood. 
Elucidating the neural substrate of recovery is an essential step for 
eliminating postoperative neurocognitive problems and potentially 
catastrophic complications.

METHODS: Here we studied the neuronal dynamics during 
a transition from propofol-induced unconsciousness into 
FRQVFLRXVQHVV� E\� GLUHFWO\� UHFRUGLQJ� LQWUDFRUWLFDO� ORFDO� ¿HOG�
potentials (LFPs) in the primary somatosensory cortex (S1) and a 
frontal higher-order cortex (ventral premotor cortex, PM) in non-
human primates. Two monkeys were trained in a behavioral task 
in which they were required to hold a push-button until the end of 
each trial. Propofol was infused for 60 minutes through a surgically 
implanted vascular port and no other sedatives or anesthetics were 
used. The animal’s trial-by-trial behavioral response was recorded 
as a correct response, failed attempt, or no response (Fig.1A). The 
DQLPDO¶V� ORVV�RI�FRQVFLRXVQHVV��/2&��ZDV�GH¿QHG�DV� WKH�¿UVW�QR�
response trial followed by the complete lack of response for the 
remainder of anesthesia (Fig.1 a black arrow and dotted lines) and 

WKH�UHWXUQ�RI�FRQVFLRXVQHVV��52&��DV�WKH�¿UVW�WULDO�DIWHU�ZKLFK�WKHUH�
ZHUH� DW� OHDVW� ¿YH� FRQVHFXWLYH� DWWHPSWV� �FRUUHFW� RU� IDLOXUH�� �)LJ���
a brown arrow and dotted lines). Neural activity was recorded in 
the alert - anesthetized - emerging continuum simultaneously from 
these cortices through surgically implanted microelectrode arrays. 
All experiments were approved by IACUC and performed in 
compliance with the NIH guidelines.

RESULTS: In PM, we found a transient increase in the LFP 
alpha/beta power and a decrease in the slow oscillations during 
early recovery (between the termination of propofol and ROC) 
(Fig.1C) while slow oscillations remained increased in S1 until 
52&��)LJ��%���VXJJHVWLQJ�D�IUHTXHQF\�VSHFL¿F�UHJLRQDO�GLIIHUHQFH�
during early recovery. At the ROC, there was a discontinuous 
shift to beta oscillations in both S1 and PM (Fig.1B,C). These 
beta oscillations appeared to become coherent between regions 
as soon as they appeared during emergence (Fig.1D). On the 
contrary, during anesthetic induction the regionally coherent beta 
oscillations were disrupted while the animal was still performing 
�)LJ��'���)XUWKHU�FRPSDULVRQ�RI�WKH�VSHFWUDO�SUR¿OHV�EHWZHHQ�/2&�
and ROC suggested that the oscillatory dynamics were not simply 
mirror opposite. In addition, these sequential neural changes were 
LGHQWL¿HG�LQ�DQLPDOV�WKDW�ZHUH�QRW�SHUIRUPLQJ�WKH�WDVN��VXJJHVWLQJ�
that the observed neural changes at ROC were not the results of 
returning task performance.

CONCLUSIONS: Our results demonstrate that the ROC 
from propofol anesthesia is associated with an abrupt return of 
synchronized beta oscillations in this cortical network. However, 
during the early recovery period prior to ROC, the higher-order 
cortex and the primary sensory cortex appear to be dissociated. 
Together with previously reported neuronal dynamics at LOC, our 
results suggest distinctively unique neural processes during the 
transition into and out of propofol-induced unconsciousness.
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S-180.
MATERNAL-FETAL ANESTHESIA AND FETAL 
NEUROTOXICITY USING THE OVINE MODEL 

AUTHORS: T. Olutoye1, F. Sheikh2, I. J. Zamora3, A. Akinkuotu2, 
L. C. Yu4, A. M. Adesina5, O. Olutoye2

AFFILIATION: 1Anesthesiology & Pediatrics, Texas Children’s 
Hospital, Baylor College of Medicine, Houston, TX, 2Surgery, 
Texas Children’s Hospital, Baylor College of Medicine, Houston, 
TX, 3Surgery, Baylor College of Medicine, Houston, TX, 4Surgery, 
Baylor College of Medicine, Texas Children’s Hospital, houston, 
TX, 5Pathology, Texas Children’s Hospital, Baylor College of 
Medicine, Houston, TX

Advances in surgery and technology have led to an increase in 
procedures performed in utero. However, there is limited knowledge 
on the effect of anesthesia on the fetal brain. Fetal neurotoxicity 
following anesthetic exposure has been previously demonstrated in 
VPDOO�DQLPDO�PRGHOV�H[SRVHG� WR� ,VRÀXUDQH�1,2 The purpose of this 
VWXG\�ZDV�WR�H[DPLQH�WKH�HIIHFWV�RI�,VRÀXUDQH�RQ�WKH�IHWDO�EUDLQ�LQ�D�
larger ovine animal model.

METHODS: With Animal Care and Use Committee approval, 
pregnant Western Cross sheep at 70 days gestation (term = 145 
GD\V��ZHUH�H[SRVHG�WR�,VRÀXUDQH�WR�VLPXODWH�WKH�HIIHFW�RI�DQHVWKHWLF�
exposure during mid-gestation human fetal procedures. The effect 
of dose, duration and repeated episodes of anesthesia were assessed 
(table 1). Age appropriate fetuses not exposed to anesthesia served 
as controls. Pregnant ewes received a preassigned anesthetic, were 
maintained on mechanical ventilation and monitored for peripheral 
oxygen saturation, blood pressure, heart rate and temperature. Serial 
arterial blood gases were monitored. Once the designated anesthetic 
was complete, the animals were euthanized and fetal brain processed 
for histology. Neuroapoptosis in the frontal cortex and hippocampus 
(dentate gyrus, end plate, and pyramidal cortex) was detected using 
anti-caspase-3 antibodies and analyzed by Aperio digital imaging. 
To determine the late effects of anesthesia on neuronal loss, one 
group had fetuses exposed at mid gestation that were euthanized 60 
days later at day 130 and compared to control day 130 fetuses. Data 
were analyzed using ANOVA with post-hoc analysis as appropriate.

RESULTS: Thirty-two fetuses were studied (Table 1). There was 
a substantial amount of developmental neuroapoptosis in the fetal 
brain at day 70 of gestation. Anesthetic exposure did not result in 
an increase in neuroapoptosis in the hippocampus. However, the 
frontal cortex showed an increase in neuroapoptosis with exposure 
to anesthesia that was most pronounced in the fetuses with multiple 
exposures to anesthesia (Figure 1). Repeated exposure of small 
amounts appears to be more injurious that a single long exposure of a 
higher dose. The fetuses with multiple exposure to anesthesia at mid 
gestation also showed remarkable neuronal loss in the frontal cortex 
by day 130 when compared to age appropriate controls (Figure 2). 
The neuronal loss paralleled the increase in neuroapoptosis seen in 
the acute preparation as they were noted only in the frontal cortex 
and not in the hippocampus.

CONCLUSIONS: In our fetal ovine model, there is a selective 
vulnerability to anesthetic insult in the brain that was more apparent 
in the frontal cortex than the hippocampus. Repeated exposure to 
anesthesia appeared to be more injurious than the dose or duration 
of anesthesia at this stage of development. Anesthetic toxicity 
manifested as increased neuroapoptosis acutely, persisted over time 
as increased neuronal loss in the frontal cortex. Further studies are 
needed to better understand the short, medium and long term effects 
of exposure to anesthesia in-utero on brain development.

REFERENCES:

1. Brain Pathol 18: 198-210; 2008.

2. J Neurosci 23: 876-882; 2003.

6KHHS�([SRVXUH�WR�,VRÀXUDQH

Group Gestational Age ,VRÀXUDQH N

A 70 days &RQWURO��1R�,VRÀXUDQH� 5

B 70 days ,VRÀXUDQH����IRU���KRXU 6

C 70 days ,VRÀXUDQH����IRU���KRXUV 6

D 70 days ,VRÀXUDQH����IRU���KRXU�HYHU\�
other day x 3

6

E 70 days ,VRÀXUDQH����IRU���KRXU�HYHU\�
other day x 3 and euthanized at 
day 130

6

F 130 days &RQWURO��1R�,VRÀXUDQH� 3
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S-181.
MIDAZOLAM INCREASES TAU PHOSPHORYLATION IN 
THE MOUSE HIPPOCAMPUS

AUTHORS: R. Whittington1, L. Virag2, I. Poitras3, R. Q. Li2, 
E. Planel3

AFFILIATION: 1Anesthesiology, Columbia University Medical 
Center, New York, NY, 2Department of Anesthesiology, Columbia 
University- College of Physicians and Surgeons, New York, NY, 
3Département de Neurosciences, Centre Hospitalier de l’Université 
Laval, Québec City, QC, Canada

INTRODUCTION: In Alzheimer’s disease, the microtubule-
associated protein tau can undergo aberrant hyperphosphorylation 
OHDGLQJ�WR�WKH�GHYHORSPHQW�RI�QHXUR¿EULOODU\�SDWKRORJ\��,W�KDV�EHHQ�
previously demonstrated that propofol1 and dexmedetomidine2 

increase tau phosphorylation in the absence of hypothermia. 
However, the impact of midazolam on tau phosphorylation is 
unknown; hence, the aim of this study was to test the hypothesis 
that midazolam also increases tau phosphorylation under 
normothermic conditions.

METHODS: Following IACUC approval, male C57BL6/J mice 
(8-10 week old) received midazolam (Mid) 10 mg/kg (n=5), 25 mg/
kg (n=5) or an equal volume of 0.9% saline (control (Ctl), n=4) i.p 
�678'<�����7KH�PLFH�ZHUH�VDFUL¿FHG����PLQ�ODWHU��)XUWKHUPRUH��WR�
examine the duration of tau phosphorylation, male C57BL6/J mice 
received Mid 25 mg/kg (Mid 6h, n=5) or 0.9% saline (control, n= 4) 
L�S��DQG�ZHUH�VDFUL¿FHG��K�ODWHU��678'<�����/DVWO\��WKH�PHFKDQLVP�
underlying tau hyperphosphorylation was examined by screening 
for the activation pattern of a panel of tau kinases and phosphatases 
in the hippocampi of the Mid 25 mg/kg and saline mice from 
STUDY 1. Normothermia was maintained throughout the study, and 
hippocampal tissue was harvested immediately at the end of each 
VSHFL¿HG�WUHDWPHQW�SHULRG��/HYHOV�RI�SKRVSKRU\ODWHG�WDX��S�WDX��DW�
the AT8 (pSer202/pThr205), PHF-1 (pSer396/pSer404) and CP13 
(pSer202) phosphoepitopes as well as total tau (Tau 46) were 
determined using immunoblotting. Protein bands were visualized 
by enhanced chemoluminescence, and densitometric analysis 
of the immunoblot bands was performed using MultiGauge® 
software. Band immunoreactivity levels for all epitopes were 
normalized to total tau, after being controlled for gel loading with 
ȕ�DFWLQ�� 6WDWLVWLFDO� FRPSDULVRQV� ZHUH� PDGH� XVLQJ� DQ� XQSDLUHG�
t-test or ANOVA with Newman-Keuls post hoc test applied when 
appropriate. Data are expressed as mean ± SD and P < 0.05 was 
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

RESULTS: At 30 min, Mid 10mg/kg and 25 mg/kg produced 
VLPLODU��VLJQL¿FDQW�LQFUHDVHV�LQ�KLSSRFDPSDO�S�WDX�OHYHOV�DW�WKH�$7��
(247 ± 70 and 225 ± 89% of Ctl, respectively), and CP13 (215 ± 
65 and 223 ± 81% of Ctl, respectively), phosphoepitopes (Fig. 1). 
1R�VLJQL¿FDQW� FKDQJHV� LQ�S�WDX� OHYHOV� DW�3+)���RU� WRWDO� WDX�ZHUH�
observed. Interestingly, 6h following midazolam 25 mg/kg, tau 
phosphorylation was still present, as increases were observed at all 
3 phosphoepitopes (Fig. 2). Decreased levels of phosphorylated-
*6.��ȕ� DW� WKH� VHULQH� �� UHVLGXH�� ZKLFK� FRUUHODWHV� ZLWK� *6.��ȕ�
activation, paralleled the observed tau hyperphosphorylation. 
1R� RWKHU� VLJQL¿FDQW� FKDQJHV� LQ� WDX� NLQDVHV� DQG� SKRVSKDWDVHV 
were observed.

CONCLUSIONS: Acute midazolam administration increases 
hippocampal tau phosphorylation in mice under normothermic 
conditions, and this response persists for at least 6h. The activation 
RI�*6.��ȕ�PD\�XQGHUOLH� WKH�REVHUYHG�K\SHUSKRVSKRU\ODWLRQ��7KH�
impact of these changes on tau function and neurobehavior warrant 
further investigation.
REFERENCES:
1.  PLoS One. 2011 6(1):e16648
2.  2012 ASA Annual Meeting, A550 
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S-183.
POST CESAREAN SECTION EPIDURAL FENTANYL 
INFUSION AND MORPHINE PROVIDE SIMILAR 
ANALGESIA, BUT EPIDURAL MORPHINE CAN CAUSE 
MORE NAUSEA AND PRURITIS

AUTHORS: E. J. Goodman, K. Lai

AFFILIATION: Anesthesiology, University Hospitals Case 
Medical Center, Cleveland, OH

INTRODUCTION: 7KLV� VWXG\� FRPSDUHV� WKH� DQDOJHVLF� HI¿FDF\�
and frequency of side effects of an epidural fentanyl infusion, which 
use to be our standard post-C-section analgesic, with the popular 
epidural preservative free morphine dose1-3 following Cesarean 
section surgery.

METHODS: After IRB approval was obtained, charts of all 
patients during a 6 month period (1/11-6/11) who had an epidural 
fentanyl infusion or who received an epidural dose of preservative 
free morphine after their Cesarean section were reviewed. The 
fentanyl infusions consisted of 4mcg/ml fentanyl with epinephrine 
1.25mcg/ml delivered by epidural PCA with a 15ml basal rate, 4ml 
demand dose and a 15 min lockout time. The epidural morphine 
dose was determined by the anesthesia team involved, and it was 
assumed to last 17-24hrs.1,3 The epidural catheter was removed 
after the morphine dose was administered, and it was left in for up 
to two days for the fentanyl infusion. The following information 
was collected from each chart: age, gestational age, height, weight, 
dose of morphine administered, hours after the Cesarean section 
the epidural catheter was left in place, pain level (0-10 scale) and 
respiratory rate at 8 and 16 hrs after the end of the Cesarean section, 
number of doses of pain, nausea and pruritis medications the patient 
received in the 16 hrs after the Cesarean section, and the number of 
pain medication doses during that period excluding acetaminophen 
and NSAIDS.

RESULTS: A total of 381 women met the criteria to be in the 
study, with 108 receiving epidural fentanyl infusions and 273 
having received a dose of epidural morphine after their Cesarean 
section. The fentanyl infusion was discontinued at an average of 
38.6 (±9.9) hrs after the surgery. Epidemiological statistics were 
similar for the two groups. Pain scores at 8 and 16 hrs after the 
procedure were comparable for the two groups (F: 2.8±2.6, 3.7±2.6; 
M: 1.9±2.5, 2.5±2.6 for 8 and 16 hrs, respectively). All respiratory 
rates for the study period were at least 14/min. More patients (26% 
vs 15%) required over two doses of pain medications during the 
��KUV� LQ� WKH� PRUSKLQH� JURXS�� DQG� WKLV� ZDV� VLJQL¿FDQW� �S �������
However, patients requiring pain medications other than NSAIDS 
DQG� DFHWDPLQRSKHQ� GXULQJ� WKLV� SHULRG� GLG� QRW� GLIIHU� VLJQL¿FDQWO\�
between the groups (18% vs 25%, p=0.13). The number of patients 
requiring more than two medications for nausea or pruritis was 
VLJQL¿FDQWO\�JUHDWHU�IRU�WKH�PRUSKLQH�JURXS������YV�����S �������

CONCLUSION: )RU� WKH� ¿UVW� ��KUV� DIWHU� D� &HVDUHDQ� VHFWLRQ��
epidural morphine and an epidural fentanyl infusion deliver 
approximately the same pain relief without depressing respirations. 
Epidural morphine may cause more nausea and/or pruritis that may 
need to be treated. Epidural fentanyl infusions can be continued 
past the time that the single dose of epidural morphine will have 
worn off.

REFERENCES:

1. J Anaesthesiol Clin Pharmacol 2012;28(4):491-5.

2. Eur J Pain. 2010 Oct;14(9):894.

3. Anesth Analg. 2002 Aug;95(2):436-40.

S-184.
REGIONAL ANESTHESIA IN HIGH-RISK PARTURIENTS: 
EFFICACY IN PARTURIENTS WITH LOW PLATELET 
COUNTS. 

AUTHORS: B. Hua, S. Nair, J. Bernstein

AFFILIATION: $QHVWKHVLRORJ\��0RQWH¿RUH�0HGLFDO�&HQWHU��
Bronx, NY

INTRODUCTION: Regional anesthesia as a standard of care for 
labor pain relief or for Cesarean section in Obstetric anesthesia is 
widely practiced. In the high-risk obese parturient, it is even more 
crucial to provide a safe regional anesthetic in order to avoid the 
risks of general anesthesia. Obesity in women of reproductive age is 
associated with obstructive sleep apnea, preeclampsia, and a greater 
OLNHOLKRRG� IRU� GLI¿FXOW� LQWXEDWLRQ�� 6LQFH� WKURPERF\WRSHQLD� RI� ��
100 X 10 9.L-1 affects about 1% of parturients, the current literature 
suggested a platelet count cut-off at 75 to 80 x 10 9.L-1 for the safe 
placement of regional anesthesia. But, one study by Tanaka et al, 
advocated for a lower cut-off at 50 x 10 9.L-1 which excluded pre-
eclamptic patients.

In this study, our goal was to integrate the incidence of obesity, 
preeclampsia, and thrombocytopenia, given the large, high risk 
patient population seen at our institution, and further investigate the 
VDIHW\�DQG�HI¿FDF\�RI�UHJLRQDO�DQHVWKHVLD�IRU�WKH�VXSSRUW�RI�ORZHULQJ�
the safe platelet count to as low as 50 x 10 9.L-1.

METHODS: The Clinical Looking Glass (CLG), the patented 
hospital software program, was utilized to identify 20,244 obstetric 
patients who delivered in our hospital between September 2009 - 
2013. A retrospective, detailed chart review was then performed for 
256 parturients (1.3%) who had platelet counts </= 100 x 10 9.L-1 

noted at the time of pre-anesthesia assessment. The etiology of the 
thrombocytopenia, type of anesthetic technique, mode of delivery, 
major neurological and anesthetic complications, and BMI were 
also collected. There were no exclusion criteria.

RESULTS: Of the 256 parturients, 151 (59%) had received regional 
anesthesia. From 80 - 100 x 10 9.L-1, 75% of the patients (131/175) 
received regional anesthesia (89 epidural/37 spinal/5 CSE) and the 
mean BMI was 31.37 +/- 5.65. From 50 - 79 x 109.L-1, 25% of the 
patients (19/76) received regional anesthesia (10 epidural/9 spinal) 
and the mean BMI was 31.41 +/- 4.94. One out of 13 patients below 
50 x 10 9.L-1 received an epidural regional anesthetic and the mean 
BMI was 35.82 +/- 10.20. There were no neurological complications 
found.

CONCLUSION: From our high risk parturient population, an 
average BMI of > 30 was found in all the subgroups, with the 
highest present with a platelet count < 50 x 10 9.L-1. The lack of 
complication with regional anesthesia placed in our parturients 
supports the need to promote its safe use for a platelet count > 50 x 
10 9.L-1. In the future, the supplemental look at the platelet function 
with the count can further help identify those with a greater risk for 
complications from regional anesthesia.

REFERENCE: 

Tanaka, M, Balki M, McLeod A, Carvalho JCA. Regional Anesthesia 
and Non-Pre-Eclamptic thrombocytopenia: Time to Re-think the 
Safe Platelet Count. Rev Bras Anesthesiol.2009; 59(2):142-153.
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S-186.
IS 6% HETASTARCH PREFERRED OVER PROPHYLACTIC 
IV EPHEDRINE FOR PREVENTION OF HYPOTENSION 
FROM INTRATHECAL ROPIVACAINE FOR CESAREAN 
SECTION? 

AUTHORS: A. Sakr1, S. Cohen1, D. Ramos1, K. Rah1, S. Syed2, 
S. Syed1, C. W. Hunter1

AFFILIATION: 1Anesthesiology, Rutgers-Robert Wood Johnson 
Medical School, New Brunswick, NJ, 2Anesthesiology, ZMAR 
LLC, Sugar Land, TX

INTRODUCTION: The use of prophylactic IV ephedrine or 6% 
Hetastarch is effective for prevention of hypotension from spinal 
anesthesia for cesarean section (C/S) when compared with Lactated 
5LQJHU¶V�VROXWLRQ��/5��DORQH��)URP�D�¿QDQFLDO�VWDQGSRLQW�WKH�FRVW�
of 1L of LR is $0.86, 1 Ampule of ephedrine is $0.32, and 500mL of 
6% Hetastarch is $16.16. We examined which treatment is the most 
effective for the prevention of hypotension from combined spinal-
epidural (CSE) anesthesia for C/S.

METHODS: Following IRB approval and informed consent 244 
parturients scheduled for elective C/S with CSE were studied. In all 
patients, the epidural space was located at L3-4 or L4-5 interspace 
using an epidural needle in the lateral decubitus position. The 
epidural catheter was inserted immediately following administration 
of 10mg ropivacaine with 100mcg epinephrine and 25mcg 
fentanyl intrathecally.

Table 1:

GI
n= 60

GII
n= 66

GIII
n=57

GIV
n= 61

Age (yrs) 31.7 ± 4.9 ���������� 32.2 ± 5.8 32.8 ± 4.9

Weight (lbs) 180.3 ± 38.0 181.2 ± 39.8 179.8 ± 41.5 181.3 ± 41.3

Height (in) 63.2 ± 8.9 63.5 ± 2.5 63.3 ± 2.6 63.5 ± 2.3

Primi n (%) 14 (23.3) 13 (19.7) 20 (35.1) 11 (18.0)

Multi n (%) 46 (76.7) 53 (80.3) 37 (64.9) 50 (82.0)

���(I¿FDF\�Q���� 55 (91.7) 61 (92.4) 54 (94.7) 58 (95.1)

2. Uncomfort. n (%) 1 (1.7) 3 (4.5) 1 (1.8) 2 (3.3)

3. +Sedation n (%) 3 (5.0) 2 (3.0) 2 (3.5) 1 (1.6)

4. G/A 0 0 0 0

Nausea Rx n (%) 19 (31.7) 13 (19.7) 16 (28.1) 28 (45.9)

Vomiting n (%) 9 (15.0) 16 (24.2) 6 (10.5) 16 (26.2)

Hypotension n (%) ��������� 10 (15.2) 15 (26.3) 13 (21.3)

Hypotension Rx (IV 
ephedrine boluses) n (%)

��������� 8 (12.1) 9 (15.8) 10 (16.4)

Overall Satisfaction 9.6 ± 1.0 9.8 ± 0.6 9.6 ± 0.8 9.6 ± 0.9

,,�,9��S�������,!,,��,,,�	�,9��S�������,!,,��,,,�	�,9��S�������

The patients were randomized into 4 groups. GI (n=60) received IV 
2L LR prior to induction of CSE. GII (n=66) received IV 1L LR and 
upon the spinal injection, received IV ephedrine 30mg for 15min. 
GIII (n=57) received IV 500mL 6% Hetastarch + 1L LR prior to 
spinal injection. GIV (n=61) received IV 500mL 6% Hetastarch + 
1L LR prior to spinal injection, and upon the spinal injection also 
received IV ephedrine 30mg for 15min.

Immediately after the spinal induction, the patients were positioned 
supine with left uterine displacement. BP was measured with 
automatic BP device every 2min for the duration of the surgery. 
+\SRWHQVLRQ�ZDV�GH¿QHG�DV�D�V\VWROLF�%3��6%3�������PP+J�DQG�
< 80% of the baseline BP. Hypotension was treated with IV boluses 
RI�HSKHGULQH��PJ�T�PLQ��5HDFWLYH�K\SHUWHQVLRQ�ZDV�GH¿QHG�DV�DQ�
increase in SBP > 20% above baseline. Values are mean ± SD. P 
YDOXH�������ZDV�FRQVLGHUHG�VLJQL¿FDQW�

RESULTS: 26 patients (43.3%) in Group I had hypotension 
compared to 10 patients (15.2%) in Group II, 15 patients (26.3%) 
in Group III, and 13 patients (21.3%) in Group IV (Table 1). 24 
patients (40%) in Group I required treatment of hypotension with 
IV ephedrine, compared to 8 patients (12.1%) in Group II, 9 
patients (15.8%) in Group III, and 10 patients (16.4%) in Group IV 
(Table 1).

CONCLUSIONS: IV prophylactic ephedrine is more cost effective 
and is as effective as 6% Hetastarch for the treatment of hypotension 
from intrathecal ropivacaine for cesarean section.



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-187

S-187.
DOES INCREASING THE CONCENTRATION OF 
EPIDURAL-PCA FENTANYL FOR LABOR IMPROVE 
ANALGESIA WITHOUT EFFECT TO NEONATE? 

AUTHORS: A. Sakr, S. Cohen, A. Chiricolo, D. Ramos, K. Rah,  
A. Doucette, C. W. Hunter

AFFILIATION: Anesthesiology, Rutgers-Robert Wood Johnson 
Medical School, New Brunswick, NJ

INTRODUCTION: Epidural fentanyl 2mcg/mL with bupivacaine 
0.015% and epinephrine 2mcg/mL required frequent rescue doses 
of 0.25% epidural bupivacaine for satisfactory labor analgesia, 
whereas less anesthetic was needed with sufentanil. This study 
analyzed whether increasing the concentration of less expensive 
fentanyl would provide adequate analgesia with less local anesthetic 
and without neonatal impact.

METHODS:�6HYHQW\�¿YH�SULPLSDUDH�DQG����PXOWLSDUDH�HYDOXDWHG�
during labor and delivery (L&D) were divided into 3 groups. 
Patients received no systemic opioids and were randomized in a 
double-blinded design to groups with either 2, 4 or 6mcg/mL of 
fentanyl. All groups received 0.015% bupivacaine and 2mcg/mL 
of epinephrine. After a dose of 3mL 1.5% lidocaine and 5mcg/mL 
epinephrine they received a 12mL loading dose of the study solution. 
An infusion was started at 6mL/hr with PCA boluses of 2mL and a 

lockout time of 10min. For inadequate analgesia, up to 4 boluses of 
5mL study solution were given 10min apart and infusion rate was 
increased by 2mL/hr up to 3 times. If analgesia was still inadequate 
(pain score > 5), up to 4 boluses of 5mL of 0.25% bupivacaine were 
given. Pain scores, side effects, and overall patient satisfaction were 
assessed hourly with a 10-point VAS (Visual Analog Scale). Values 
DUH�PHDQ���6'��3�YDOXH�������ZDV�FRQVLGHUHG�VLJQL¿FDQW�

RESULTS: There were no differences among the groups regarding 
demographic data, outcome of L&D, instrumental delivery, infusion 
duration, pain scores, satisfaction scores, or side effects. Apgar 
scores did not differ among groups and was <7 at 1 min in 4 and 
1 patients for primiparae and multiparae, respectively; and was >7 
for all patients at 5 min. Neonatal neuro-behavioral assessment total 
scores at 1 and 24 hrs were > 35 (max score = 40) for all infants. 
Infusion characteristics are shown in Table 1. Maternal and cord 
plasma concentrations of fentanyl upon delivery are depicted in 
Table 2

CONCLUSIONS: Increasing the concentration of fentanyl did 
not impact the neonates or the outcome of labor and delivery. 
,QFUHDVLQJ�WKH�FRQFHQWUDWLRQ�RI�IHQWDQ\O�VLJQL¿FDQWO\�GHFUHDVHG�WKH�
bolus volume of study solution. However, total 0.25% bupivacaine 
required remained high.

Table 1: Infusion Characteristics

Total PCA Vol. 
(mL)

Study Solution 
Bolus Vol. (mL)

Total Study 
Solution Vol. (mL)

# of Pts. Requiring 
0.25% Bup. (#)

Total Vol. of 0.25%
Bup. (mL)

Primiparae

Group I 12.1 ± 12.0 ���������� 71.4 ± 40.5 15 5.8 ± 7.2

Group II 8.6 ± 5.9 10.3 ± 9.8 58.2 ± 38.8 10 3.9 ± 5.4

Group III 9.2 ± 8.9 7.5 ± 6.6 57.9 ± 31.5 13 3.9 ± 4.9

Multiparae

Group I 7.8 ± 8.2 ���������� 50.1 ± 34.9 �� 4.8 ± 5.7

Group II 4.5 ± 3.5 9.4 ± 8.1 38.2 ± 28.1 9 4.0 ± 7.5

Group III 4.9 ± 4.3 6.2 ± 8.0 33.8 ± 31.4 5 2.4 ± 5.9

6LJQL¿FDQWO\�JUHDWHU�WKDQ�*URXS�,,,��S���������6LJQL¿FDQWO\�JUHDWHU�WKDQ�*URXS�,,,��S�����

Table 2: Maternal and Cord Plasma Concentrations of Fentanyl Concentration (ng/mL) Upon Delivery

Mother’s Baseline Mother’s Post-delivery Placental Cord Blood

P M P M P M

Group I 0 0 0.5 ± 0.9 0.09 ± 0.09 ���������� 0.07 ± 0.06

Group II 0 0 0.2 ± 0.2 0.13 ± 0.1 0.08 ± 0.08 0.03 ± 0.07

Group III 0 0 0.3 ± 0.2 ����������� 0.10 ± 0.08 0.07 ± 0.06

6LJQL¿FDQWO\�JUHDWHU�WKDQ�*URXS�,�	�*URXS�,,��S��������6LJQL¿FDQWO\�JUHDWHU�WKDQ�*URXS�,,��S�����
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S-188.
CSE FOR CESAREAN SECTION: GERTIE MARX VERSUS 
PENCAN SPINAL NEEDLES

AUTHORS: J. Lorthé, S. Shah, S. Cohen, D. Ramos, K. Rah, A. 
Kapadia, S. Barsoum

AFFILIATION: Anesthesiology, Rutgers-Robert Wood Johnson 
Medical School, New Brunswick, NJ

INTRODUCTION: PENCAN spinal needles along with 
ESPOCAN epidural needles are used routinely for combined 
spinal-epidural anesthesia for cesarean delivery. However, we 
IUHTXHQWO\� HQFRXQWHUHG� GLI¿FXOW\� SLHUFLQJ� WKH� GXUD� IRUFLQJ� XV� WR�
switch to epidural block. We compared Gertie Marx spinal needle 
with PENCAN needle to determine which one is preferred by our 
obstetric patients.

METHODS: Following IRB approval and informed consent, 
124 ASA I-II parturients, who requested neuraxial block for C/S, 
were included. The epidural space was located with ESPOCAN 
18 gauge epidural “Braun” needle (B. Braun Medical Inc.) at L3-4 
or L4-5 interspace with loss of resistance to air technique using a 
PLGOLQH� DSSURDFK� LQ� WKH� ODWHUDO� RU� VLWWLQJ�ÀH[HG�SRVLWLRQ��3DWLHQWV�
were then randomized to one of two groups. Group I: 59 patients 
had a 25 gauge PENCAN spinal needle placed in the subarachnoid 
space. Group II: 65 had a 26 gauge Gertie Marx spinal needle (IMD 
Inc. USA) placed in the subarachnoid space. Patients received 
intrathecally 10mg isobaric bupivacaine with 25mcg fentanyl 
and 100mcg epinephrine. When the dura could not be pierced by 
the spinal needle, the epidural needle was rotated 45 degree at a 
time for further attempts. If still unsuccessful, the spinal needle 
was removed and an epidural block was applied. All patients had 
a 19g Arrow FlexTip plus (Arrow international Inc.) open-end tip 
catheter placed 4cm in the epidural space. An investigator recorded 
patients’ height, weight, parity, patients’ position, the distance of the 
epidural space from the skin, technical problems, paresthesia and 
SDLQ�XSRQ�LQVHUWLRQ�RI�WKH�VSLQDO�QHHGOH��WLPH�WR�LQFLVLRQ��GLI¿FXOW\�
with catheter insertion, post-dural-puncture headache, transient 
radicular irritability, duration of procedure, and overall satisfaction 
from the technique use. Values are represented as mean ± SD, p< 
�����FRQVLGHUHG�VLJQL¿FDQW�

RESULTS: The groups did not differ in age, weight, height, 
parity, distance of epidural space from the skin, duration of surgery, 
previous neuraxial block, need to rotate or reinsert the epidural 
QHHGOH��HI¿FDF\�RI�WKH�EORFN��VLGH�HIIHFWV�IURP�WKH�EORFN��GLI¿FXOW\�
with catheter insertion, sensory level, overall satisfaction, or 
APGAR score. Time to incision was 33 ± 8 min and 24 ± 6 min for 
Group I and II respectively (p= 0.0001). Time to T6 was 6 ± 4 min 
and 2.6 ± 2 min for Group I and II respectively (p= 0.0001).

CONCLUSIONS: Application of PENCAN spinal needle when 
compared to Gertie Marx needle for C/S had less success piercing 
the dura, caused more paresthesia and pain during insertion, 
prolonged time to incision, and required switch to epidural block 
more often.

PENCAN
n=59

Gertie Marx 
n=65

P-Value

Lateral Position n (%) 55 (93.2) 48 (73.8) 0.002

Spinal needle problem n (%) 34 (57.6) 19 (29.2) 0.001

Leg jerk upon needle
insertion n (%)

24 (40.7) 10 (15.4) 0.001

Paresthesia upon needle 
insertion (0-10)

3 ± 3.8 1.4 ± 3.0 0.02

Pierced dura with successful 
block n (%)

36 (61.0) 56 (86.2) 0.001

Switched to epidural n (%) 23 (39.0) 8 (12.3) 0.001

Sedation (0-10) 0.1 ± 0.5 3.3 ± 3.9 0.0001

Overall Satisfaction (0-10) 9.3 ± 1.1 9.6 ± 1.0 0.09
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S-189.
PREVENTION OF HYPOTENSION DURING CESAREAN 
SECTION UNDER SPINAL ANESTHESIA: INCREMENTAL 
ADMINISTRATION OF 0.2% BUPIVACAINE 

AUTHORS: Y. Namba, M. Yamakage

AFFILIATION: Anesthesiology, Sapporo Medical University, 
Sapporo, Japan

INTRODUCTION: Patients undergoing spinal anesthesia for 
cesarean section are at great risk of supine hypotension. In addition 
to aortocaval compression and the extent of sympathetic blockade 
produced by spinal anesthesia 1, the total amount of local anesthetic 
may play a role in determining the intensity of arterial hypotension2. 
In this study, incidence and intensity of hypotension during 
cesarean section under spinal anesthesia were determined by using 
incremental doses of 0.2%bupivacaine.

MATERIALS AND METHODS: Four ml of 0.5% hyperbaric 
bupivacaine solution (20 mg) were diluted with 6 ml of normal 
saline to produce a 0.2% approximately isobaric local anesthetic 
solution (20 mg/10 ml=2 mg/ml). Forty-three non-hypertensive 
patients undergoing cesarean section were studied. A combined 
spinal-epidural needle was inserted at the L3-L4 interspace with the 
patient lying on her right side. Bupivacaine solution (1 ml, 2 mg) 
was injected incrementally at intervals of 2 min or over to a total of 
3 ml (6 mg), then an epidural catheter was placed via the epidural 
needle. A blood pressure decrease of greater than 20% in baseline 
pressure or below 90 mmHg was treated with phenylephrine.

RESULTS: The anesthetic level at proceeding to surgery was T5-
T3. Only 3 of the 43 patients needed vasopressor treatment. Each of 
the 3 patients needed only 0.05 mg of phenylephrine. None of them 
complained of the respiratory discomfort.

CONCLUSIONS: The dose of bupivacaine for cesarean section 
is reported to be 12 to15 mg3. This study showed that when 0.2% 
bupivacaine was given in incremental doses, 1 ml (2 mg) by 1 ml (2 
PJ���D�WRWDO�RI���PJ�ZDV�VXI¿FLHQW�WR�SURGXFH�VDWLVIDFWRU\�DQHVWKHVLD�
for cesarean section. This lower dose can minimize the risk of spinal 
anesthesia for cesarean section. Prolonged surgery and postoperative 
pain can be controlled by the combined spinal-epidural anesthesia.

REFERENCES:

1. Obst Gynecol 1973 ; 42 : 290-298

2.  Pinciple and Practice of Obstetric Analgesia and Anesthesia, 2nd 
edition. Williams & Wilkins, 1995 pp 538-572

3.  Introduction to Anesthesia, 9th edition. Saunders Company, 
1988, pp 350-363 
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S-190.
CAN WE APPLY ELECTRICAL MEDIAN NERVE 
STIMULATION FOR PROPHYLACTIC TREATMENT 
OF NAUSEA AND VOMITING (N/V) IN PARTURIENTS 
UNDERGOING CESAREAN SECTION (C/S) WITH 
COMBINED SPINAL-EPIDURAL TECHNIQUE (CSE)? 

AUTHORS: D. Ramos, S. Cohen, A. Mohiuddin, A. Chiricolo,  
S. Shah, S. Attia, S. Mungekar, J. Lorthé

AFFILIATION: Anesthesiology, Rutgers-Robert Wood Johnson 
Medical School, New Brunswick, NJ

INTRODUCTION: At our institution we routinely administer IV 
8mg Ondansetron and 10mg metoclopramide upon induction of CSE 
for treatment of N/V during C/S. Application of electrical median 
nerve stimulation helps reduce the incidence of N/V during general 
anesthesia.1 In this study we are comparing electrical median nerve 
stimulation to no treatment to determine if electrical median nerve 
stimulation is effective in the prophylactic treatment of N/V in our 
parturients undergoing C/S with CSE.

METHODS: This is a retrospective review of anesthesia records 
of 153 parturients undergoing induction of CSE for C/S. Group I 
(GI, n= 76) received no therapy. Group II (GII, n= 77) received 
median nerve stimulation from procedure onset until arrival at 
the PACU. An investigator recorded patients’ height, weight, ASA 
status, gestational age in weeks, Apfel score (1-4), hypertension 
(>140/90), hypotension (<90 systolic), hypoxia (O2 Sat <85%), 
EORRG�ORVV�!���P/��HI¿FDF\�RI�VHQVRU\�EORFN�IRU�&�6��HYLGHQFH�RI�
N/V during procedure (after administration of epidural medications, 
after eversion of uterus, after replacement of uterus, upon arrival 
to PACU), N/V treatment satisfaction, and overall satisfaction. 
The student’s t-test, Chi-squared test, and Fisher’s exact test were 
used for statistical analysis. A p-value of <0.05 was considered 
VWDWLVWLFDOO\�VLJQL¿FDQW��'DWD�ZDV�SUHVHQWHG�DV�0HDQ���6�'�

RESULTS:�7KHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�DPRQJ�WKH�JURXSV�
with respect to age, weight, height, ASA status, gestational age, 
Apfel score, incidences of hypertension, hypotension, hypoxia, 
HI¿FDF\�RI�VHQVRU\�EORFN��EORRG�ORVV�!���P/��QDXVHD�DIWHU�HYHUVLRQ�
of uterus, nausea after replacement of uterus, nausea upon arrival to 
3$&8��DQG�RYHUDOO�VDWLVIDFWLRQ��7KHUH�ZDV�D�VLJQL¿FDQW�GLIIHUHQFH�
between the groups for vomiting and nausea during procedure and 
1�9�VDWLVIDFWLRQ�!���7DEOH�����6SHFL¿FDOO\�LQ�WKH�SURFHGXUH�LWVHOI��
WKHUH�ZDV�D�VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�JURXSV�ZLWK�UHVSHFW�
to nausea after application of CSE (Table 1).

CONCLUSIONS:� 7KHUH� ZDV� D� VLJQL¿FDQW� GLIIHUHQFH� LQ� WKH�
incidence of nausea and vomiting when comparing control with 
median nerve stimulation during C/S with CSE. Furthermore, there 
ZDV�D�VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�LQFLGHQFH�RI�QDXVHD�VSHFL¿FDOO\�
during phase 1 of the procedure - after application of CSE. High 
VDWLVIDFWLRQ� �!������ IURP� 1�9� ZDV� VLJQL¿FDQWO\� JUHDWHU� LQ� WKH�
median nerve stimulation group as opposed to control. Therefore, 
this shows that the use of median nerve stimulation was effective 
in prophylactically treating N/V in our parturients undergoing C/S 
with CSE.

REFERENCES:

1.  A randomized controlled comparison of electro-acupoint 
stimulation or ondansetron versus placebo for the prevention of 
postoperative nausea and vomiting. 2004; 99: 1070-1075.

Table 1: Control vs. Nerve Stimulation N/V and N/V Satisfaction

Group I: Control n=76 Group II: Nerve Stimulation n=77 P-Value

Vomiting During Procedure 30/63 (47.6) 20/68 (29.4) 0.032

Nausea During Procedure 50/72 (69.4) 32/71 (45.1) 0.003

Phase 1 - Nausea After Application 
of CSE

39/75 (52.0) 21/76 (27.6) 0.002

Phase 2 - Nausea After Eversion 
of Uterus

11/71 (15.5) 13/75 (17.3) 0.764

Phase 3 - Nausea After Replacement 
of Uterus

13/71 (18.3) 12/74 (16.2) 0.739

Phase 4 - Nausea Upon Arrival to 
PACU

4/71 (5.6) 1/71 (1.4) 0.366

N/V Satisfaction >7 27/74 (36.5) 47/76 (61.8) 0.0019
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INTRAUTERINE RESUSCITATION AUDIT AT A DISTRICT 
GENERAL HOSPITAL

AUTHORS: U. J. Shah, H. Sehmbi, P. Barnardo

AFFILIATION: Anaesthesia, Frimley Park Hospital Frimley, 
United Kingdom

INTRODUCTION: The aim of this audit study was to assess the 
compliance with recognised intrauterine resuscitation measures in 
women undergoing category 1 & 2 emergency caesarean sections 
for fetal distress1. ‘Intrapartum Care (Clinical Guideline 55, Sept 
2007)’ by National Institute of Clinical Excellence (UK) provides 
guidelines for the management of abnormal fetal heart rate during 
labour2. The Obstetric Anaesthesia Association (OAA) in UK has 
reviewed some local hospital guidelines and provided comment on 
its website3.

METHODS: In accordance with local practice for audit projects, 
after approval by the departmental lead for audit, relevant data were 
collected prospectively from 78 women undergoing category 1 or 2 
emergency caesarean section for fetal distress. Data on the following 
intrauterine resuscitation measures were noted upon arrival of the 
woman in the operating theatre:

1.  Was there an oxytocin infusion present and, if so, had it been 
stopped?

2. What was the position of patient - supine or lateral?

3. Had a tocolytic drug been given?

4. Was the mother receiving supplemental oxygen?

���:DV�DQ�LQWUDYHQRXV�ÀXLG�LQIXVLRQ�SUHVHQW"

���+DG�DQ�LQWUDYHQRXV�ÀXLG�EROXV�EHHQ�DGPLQLVWHUHG"

7. Had a vasopressor agent been given to treat hypotension?

This data was collected by the anesthesiologist involved with the 
FDVH�DQG�UHFRUGHG�RQ�D�VSHFL¿F�DXGLW�IRUP��2XW�RI�WKHVH����ZRPHQ��
15 were excluded from analysis due to incomplete data collection. 
Data from the remaining 63 (81%) was examined.

RESULTS:

Table 1: Data analysis

Category 1 LSCS Category 2 LSCS

Number of patients 15/63 (24 %) 48/63 (76%)

Oxytocin infusion present 8/15 (53%) 32/48 (67%)

Oxytocin infusion 
discontinued

5/8 (62%) 28/32 (88%)

Position - tilted / lateral 11/15 (73%) 27/48 (56%)

,9�ÀXLG�LQIXVLRQ�SUHVHQW 7/15 (47%) 18/48 (38%)

,9�ÀXLG�EROXV�DGPLQLVWHUHG 2/7 (28%) 8/18 (45%)

Supplemental oxygen None None

Tocolytic administered None None

Vasopressor administered None None

Table 2: Type of Anesthesia administered.

GA Spinal Epidural Top-up

Category 1 
LSCS (n=15)

10/15 (67%) 2/15 (13%) 3/15 (20%)

Category 2 
LSCS (n=48)

None 30/48 (63%) 18/48 (37%)

CONCLUSION: Our data suggest that our compliance with 
intrauterine resuscitation measures can be improved. In particular, 
we found that ‘easy’ measures such as stopping an oxytocin infusion, 
SRVLWLRQLQJ�WKH�ZRPDQ�LQ�D�ODWHUDO�SRVLWLRQ�DQG�DGPLQLVWHULQJ�D�ÀXLG�
bolus to those with an infusion already present were not followed 
in all cases. This data was presented and discussed at a joint meet 
of the Anesthesia and Obstetric departments of our hospital. It was 
planned to review the local departmental guideline and to provide 
it as a laminated sheet in both the obstetric theatre and the delivery 
suit. Re-audit is planned after a further 6 months.

REFERENCES:

��� �&ODVVL¿FDWLRQ�RI�XUJHQF\�RI�FDHVDUHDQ�VHFWLRQ���D�FRQWLQXXP�RI�
risk (Good Practice No. 11). Available at: http://www.rcog.org.
XN�¿OHV�UFRJ�FRUS�*RRG3UDFWLFH��&ODVVL¿FDWLRQRI8UJHQF\�SGI

2.  Intrapartum Care (CG55), NICE, Sept 2007. 
Available at: http://www.nice.org.uk/guidance/index.
jsp?action=byID&o=11837#tab1

3.  Intrauterine resuscitation reviewed by OAA. Available at: 
http://www.oaa-anaes.ac.uk/content.asp?ContentID=427

http://www.rcog.org.uk/files/rcog-corp/GoodPractice11ClassificationofUrgency.pdf
http://www.rcog.org.uk/files/rcog-corp/GoodPractice11ClassificationofUrgency.pdf
http://www.nice.org.uk/guidance/index.jsp?action=byID&o=11837#tab1
http://www.nice.org.uk/guidance/index.jsp?action=byID&o=11837#tab1
http://www.oaa-anaes.ac.uk/content.asp?ContentID=427
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THROMBOMODULIN IMPROVES MATERNAL AND FETAL 
CONDITIONS IN AN EXPERIMENTAL PRE-ECLAMPSIA 
RAT MODEL.

AUTHORS: H. Hino, M. Hirayama, H. Miyakawa, T. Tateda

AFFILIATION: Anesthesiology, St.Marianna University School 
of Medicine, Miyamaeku, Kawasakishi, Japan

INTRODUCTION: Pregnancy-induced hypertension and pre-
eclampsia (PIH/PE) complicates 2 to 8% of pregnancies. Since 
these syndromes are major contributors to mortality and morbidity 
in both the mother and the fetus, these syndomes are recognized 
as the important disease in not obstetrics but also in emergency / 
LQWHQVLYH� FDUH� ¿HOG�� 7KHUH� LV� QR� XQLYHUVDOO\� HVWDEOLVKHG� VWDQGDUG�
of fundamental treatment for PE. The aim of this study was to 
investigate whether the consecutive administration of recombinant 
thrombomodulin (r-TM), which acts as anti-disseminated 
intravascular coagulation drug, for four days improves maternal 
and fetal conditions and physiological outcomes in an N’-nitro-
L-arginine-methyl ester hydrochloride (L-NAME) and low-dose 
endotoxin-induced pre-eclampsia.

METHODS: A total of 41 rats were randomly divided into four 
groups: the control group (C-group, n=12); the PE group (P-group, 
n=11); the control group administered r-TM (CT-group, n=9); and 
the PE-group administered r-TM, (PT-group, n=9).To establish 
H[SHULPHQWDO�3(�UDWV��D�PRGL¿HG�6DNDZL¶V�PHWKRG��ZDV�HPSOR\HG�
in the P and PT-group. L-NAME was administered orally by 
dissolving 3 mg/kg/day in drinking water from day 6 of pregnancy 
up to the day 21. 1 µg/kg of LPS was prepared in 0.3 mL of 

pyrogen-free normal saline and carefully injected intraperitoneally 
on the 14th day of pregnancy. r-TM or saline was administered 
intravenously to normal pregnant and experimental PE rats for four 
days. The maternal condition (body weight, arterial blood pressure), 
albuminuria, vascular endothelial growth factor receptor-1 
(VEGFR-1), fetal conditions (fetal body weight, fetal brain weight, 
WKH� SHUFHQWDJH� RI� IHWDO� UHVRUSWLRQ��� XWHURSODFHQWDO� EORRG� ÀRZ�
�83%)��PHDVXUHG� E\� ODVHU�'RSSOHU� ÀRZ�PHWHU�� DQG� R[\JHQDWLRQ�
measured with an needle-type polarographic oxygen electrode in 
the placenta and fetal brain, was evaluated on gestational day21.

RESULTS:� 6LJQL¿FDQW� LQFUHDVHV� LQ� WKH� PHDQ� DUWHULDO� EORRG�
pressure, albuminuria, VEGFR-1 values, and fetal death rate were 
observed in P-group compared with C-group, while maternal and 
fetal body weight and fetal brain weight were substantially lower. 
Hypoperfusion and hypooxygenation in both the placenta and fetal 
brain tissues occurred in P-group (Figure). Although r-TM failed to 
improve hypertension, albuminuria and did not affect the differences 
LQ� PDWHUQDO� ERG\� ZHLJKW� EHWZHHQ� WKH� JURXSV�� U�70� VLJQL¿FDQWO\�
improved hypoperfusion and fetal and maternal conditions, 
including VEGFR-1 values (6.5 ± 4.0 vs.2.2 ± 2.7 ng/mL, P vs. PT-
JURXS��UHVSHFWLYHO\��3����������$OWKRXJK�QRW�VLJQL¿FDQW��D�GHFUHDVH�
in the fetal death rate was observed in PT-group (36.1 ± 17.6 vs. 
25.0 ± 23.8%, P = 0.077).

CONCLUSIONS: The severe reductions in the UPBF and the 
placental oxygenation imply that regional hypoperfusion occurs in 
dissociation with systemic mean arterial pressure. r-TM may be a 
candidate medical treatment for PE complications.

REFERENCES:

1. Anesthesiology. 2000 Dec; 93(6):1446-55.
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S-193.
ARTIFICIAL NEURAL NETWORKS IN PREDICTION 
OF DELIVERY OUTCOME AND NEED FOR EPIDURAL 
ANALGESIA IN OBSTETRIC ANESTHESIA

AUTHORS: M. A. Inchiosa1, A. Shilkrut2, M. Girshin3

AFFILIATION: 1Pharmacology/Anesthesiology, New York 
Medical College, Valhalla, NY, 2Obstetrics and Gynecology, 
New York Medical College (Metropolitan Hospital), New York, 
NY, 3Anesthesiology, New York Medical College (Metropolitan 
Hospital), New York, NY

INTRODUCTION: Predictive analytical techniques are being 
LQFUHDVLQJO\� DSSOLHG� LQ� VFLHQWL¿F�� FOLQLFDO� DQG� FRPPHUFLDO�
DSSOLFDWLRQV��:H� KDYH� FRPSDUHG� ORJLVWLF� UHJUHVVLRQ� DQG� DUWL¿FLDO�
neural network analyses (ANN) of several patient variables that are 
obtained relatively early in the patient encounter to predict whether 
that patient proceeds to normal vaginal delivery or to cesarean 
section. These early patient characteristics were also analyzed for 
their possible predictive contribution to whether a patient would 
require epidural analgesia for delivery.

METHODS: The data were collected with New York Medical 
College IRB approval by a retrospective chart review of 205 patients 
that received a combined spinal-epidural anesthesia technique. The 
Department of Anesthesia database is maintained by one of the 
authors (M.G.). In all cases, patients received 25 µg of fentanyl and 
250 µg of preservative-free morphine (Duramorph) intrathecally. 
The epidural catheter was tested but only activated as indicated. For 
prediction of mode of delivery, the composite of contributions of the 
following variables were analyzed for strength of prediction of target 
outcome (normal vaginal delivery vs cesarean section): ASA grade, 
age, body mass index, comorbidities, gravidity, parity, cervical 
dilation, cervical effacement, and fetal station. In assessment of 
prediction of the second outcome event, i.e., non-use of epidural 
vs use of epidural analgesia, the visual analog pain score before 
administration of the intrathecal regional analgesics was added to 
the above variables. IBM-SPSS Amos 21 statistical software was 
used for both the logistic regression and ANN analyses.

RESULTS: A comparison of the predicted distribution of outcomes 
for mode of delivery by logistic regression and ANN are presented 
in Table 1. Prediction of normal vaginal delivery was 92.4% and 
100% by logistic regression and ANN, respectively; cesarean section 
was predicted 57.1% and 90.5% by logistic regression and ANN, 
respectively. Predictions for the need to utilize epidural analgesia 
are presented in Table 2 (non-use of the epidural was predicted 
67.5% and 86.7% by logistic regression and ANN, respectively; use 
of epidural was predicted 52 % and 92% by logistic regression and 
ANN, respectively).

DISCUSSION: ANN modeling of the predictions of mode of 
delivery and need for epidural analgesia was superior to logistic 
regression in both outcomes that were analyzed. It would appear that 
ANN gains in predictive strength by virtue of its iterative attempts to 
evaluate all of the possible interactions among the patients’ clinical 
variables, In comparison, logistic regression only considers the 
independent, linear contribution of each variable. ANN models may 
represent a valuable asset in the anticipation of potential risk factors 
or need for interventions in the obstetric setting. The present ANN 
models must be further evaluated for their prediction accuracies 
with data that are independent of the trained models.1

REFERENCE:

1   Geisser S. Predictive Inference: An Introduction. Chapman & 
Hall, 1993.
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ONDANSETRON DOSE NOT ATTENUATES HYPOTENSION 
IN PATIENTS UNDERGOING ELECTIVE CESAREAN 
DELIVERY UNDER SPINAL ANESTHESIA: A DOUBLE-
BLINDED, PLACEBO-CONTROLLED RANDOMIZED 
TRIAL 

AUTHORS: A. S. Terkawi, S. H. Mehta, J. H. Hackworth,  
M. Tiouririne

AFFILIATION: Anesthesiology, University of Virginia, 
Charlottesville, VA

INTRODUCTION: Elective Cesarean deliveries are commonly 
performed under spinal anesthesia. However, hypotension is a 
frequent complication1. Several strategies are used to attenuate 
hypotension due to spinal anesthesia with a variable success. Anti-
serotonin drugs have been suggested to attenuate this complication2. 
We sought to determine whether prophylactically administered 
intravenous ondansetron, could attenuate hypotension in patients 
undergoing elective cesarean section performed under spinal 
anesthesia.

METHODS:� (LJKW\�¿YH� SDWLHQWV� XQGHUJRLQJ� HOHFWLYH� FHVDUHDQ�
section were recruited and randomly allocated to receive either 8 
mg intravenous ondansetron (group A; N=44) or placebo (group B; 
N=41) in a prospective double blind design. Systolic blood pressure 
(SBP), mean arterial pressure (MAP), diastolic blood pressure 
(DBP) pressure and heart rate (HR) were measured at baseline 
and at 2-minute intervals after study drug injection until delivery 
DQG�HYHU\��� WR���PLQXWHV� WKHUHDIWHU��:H�GH¿QHG�K\SRWHQVLRQ�DV�D�
20% decrease from baseline. Differences in blood pressure and 
heart rate, the number episodes of hypotension, and phenylephrine 
consumption were analyzed.

RESULTS:�:H�GLG�QRW�¿QG�D�GLIIHUHQFH�LQ�WKH�EORRG�SUHVVXUH��6%3��
MAP, or DBP) (Figure 1) or HR between the groups. We also did not 
¿QG�D�GLIIHUHQFH�LQ�WKH�LQFLGHQFH�RI�K\SRWHQVLRQ�RU�EUDG\FDUGLD��QRU�
in the amount of phynelephrine consumed (p = 0.48). The incidence 
of pruritus was similar (p = 0.67), and no difference in sensory or 
motor blockade was observed (p = 0.87, and 0.64).

CONCLUSION: Ondansetron premedication does not attenuate 
the blood pressure drop after subarachnoid anesthesia, the number 
of hypotension or bradycardia events, or the incidence of pruritus in 
parturients that underwent cesarean section under spinal anesthesia.

REFERENCES:

1. International anesthesiology clinics 1989: 27; 51-55

2. Regional anesthesia and pain medicine 2008: 33; 332-339

Figure 1: (A) Systolic blood pressure (SBP), (B) Mean arterial 
pressure (MAP), and (C) Diastolic blood pressure (DBP). No 
VLJQL¿FDQW�EORRG�SUHVVXUH�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�WKH 
two treatment groups.
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THE THERAPEUTIC EFFECTS OF GABAPENTIN ON THE 
NEUROPATHIC PAIN AND ITS POSSIBLE MECHANISMS 
IN BILATERAL CCI RATS.

AUTHORS: S. Chen, L. Shen, Y. Huang

AFFILIATION: Anesthesiology, Peking Union Medical College 
Hospital, Beijing, China

INTRODUCTION: The incidence of neuropathic pain in the 
general population exceeded 5%, has became one major problem 
of the global public health. However, effective management is still 
LQVXI¿FLHQW�GXH�WR�WKH�FRPSOLFDWHG�PHFKDQLVP��,Q�RXU�SUHYLRXV�VWXG\��
ZH�KDYH�IRXQG�WKDW�PL5�����H[SUHVVLRQ�ZDV�VLJQL¿FDQWO\�GHFUHDVHG�
in spinal dorsal horn of neuropathic pain rats. We also found protein 
phosphatese1, catalytic subunit, beta isozyme(PPP1CB) and other 
protein expression changed by the use of proteomics screening. As 
a neurological function related protein catalytic subunit, PPP1CB 
may play a role in neuropathic pain mechanisms.

OBJECT: In this study, bilateral chronic constrictive injury was 
used as a model and gabapentin as a treatment measure. This study 
aimed to clarify the effect of gabapentin on bCCI rats’ behavior, as 
well as on PPP1CB expression in spinal cord dorsal horn and its 
relationship with miR-203.

METHOD: 48 female Sprague-Dawley rats(180-200g) were 
UDQGRPO\�GLYLGHG�LQWR���JURXSV�����1DwYH�1 �������6+$0��1 �����
the bilateral sciatic nerves were exposed but not ligated, 3) bCCI 
(N=12); establish the bilateral constrictive injury model of rat, 
4) bCCI+GBP (N=12); 100mg/Kg gabapentin were injected 15min 
before, 7 days after operation for 7 consecutive days, bid, ip. Series 
of tests were carried out including weight, MWT, heat hyperalgesia 
DQG�FROG�DOORG\QLD��$OO�UDWV�ZHUH�VDFUL¿FHG�DW�32'����6SLQDO�GRUVDO�
horn(L4-L6) were assayed for Real-time PCR, Western-blot to 
detect mRNA and protein level change and bioinformatics analysis 
was also involved.

RESULTS: 1. Body weight, MWT, heat hyperalgesia and cold 
allodynia of the bCCI neuropathic pain rats were decreased compared 
WR�1DwYH� DQG�6+$0�UDWV��+RZHYHU��0:7�DQG�KHDW� K\SHUDOJHVLD�
of the neuropathic pain rats were changed after gabapentin 
intervention, while body weight and cold allodynia were not.2. In 
the bCCI model, the PPP1CB protein expression level of spinal cord 
GRUVDO� KRUQ� �/��/��� VLJQL¿FDQWO\� LQFUHDVHG� DSSUR[LPDWHO\� ��IROG�
compared with normal control and sham group, while PPP1CB 
P51$�H[SUHVVLRQ� OHYHO�ZDV� VLJQL¿FDQWO\� GHFUHDVHG� E\� DERXW� ����
times or so. After gabapentin intervention, PPP1CB protein level 
was changed while PPP1CB mRNA expression was back to normal 
FRPSDLUHG� WR� E&&,�16� JURXS���� 9HUL¿HG� 333�&%� LV� RQH� RI� WKH�
target genes of miR-203 by using bioinformatics tools. This may 
explain the differential expression of PPP1CB in the spinal dorsal 
horn may be due to the negative regulatory role of miR-203, i.e. 
reduced expression level of miR-203 may result in increased 
expression level of PPP1CB.

CONCLUSION: 1. Gabapentin is able to relieve thermal and 
mechanical hyperalgesia of neuropathic pain rat, but not conducive 
to the cold allodynia or weight regain.2. Gabapentin is able to 
change the spinal dorsal horn expression level of PPP1CB protein 
and mRNA of the neuropathic pain rat.3. The increase expression 
of PPP1CB protein in the spinal dorsal horn may play a role in the 
mechanism of neuropathic pain, and might be regulated by miR-203.

S-196.
WITHDRAWN.
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LOW-DOSE KETAMINE INFUSION REDUCES 
POSTOPERATIVE HYDROMORPHONE REQUIREMENTS 
AND PAIN SCORES IN OPIOID-TOLERANT PATIENTS 
AFTER SPINAL FUSION 

AUTHORS: K. Boenigk1, G. Cuff1, R. P. Kline2, J. McKeever1, 
E. Siu1, A. Atchabahian1, A. D. Rosenberg3

AFFILIATION: 1Anesthesiology, NYU-HJD, New York, NY, 
2Anesthesiology, NYU Langone Medical Center, New York, NY, 
3NYU School of Medicine, New York, NY

INTRODUCTION: Patients presenting for major spine 
surgery are often tolerant to opioids, which makes controlling 
postoperative pain challenging. This has led to a search for adjuvant 
medications to reverse opioid tolerance, reducing postoperative 
opioid requirements and opioid-mediated side effects1,2,3. Mu 
opioid receptor activation by morphine has been implicated in 
the development of opioid tolerance via an increase in glutamate 
synaptic effect at NMDA receptors4. These receptors are also 
involved in central pain sensitization via a wind-up phenomenon 
and altered pain memory, a process that can be blocked by ketamine, 
a noncompetitive antagonist5.

2XU�K\SRWKHVLV�ZDV�WKDW�NHWDPLQH�ZRXOG�EH�RI�SDUWLFXODU�EHQH¿W�LQ�
opioid tolerant patients because of NMDA antagonism and would 
allow decreasing opioid requirements without compromising the 
quality of pain control.

MATERIAL AND METHODS: This is a prospective, 
randomized, double-blinded, four-arm parallel, single-center study. 
In this preliminary report, we included 44 patients undergoing 
lumbar spinal fusion surgery. They were assigned either to the 
opioid tolerant (daily strong opioid medication during the two 
ZHHNV� SUHFHGLQJ� WKH� VXUJHU\�� RU� WKH� RSLRLG� QDwYH� JURXS�� (DFK�
group was then randomized to either ketamine or placebo infusion. 
The appropriate infusion and an IV PCA using hydromorphone 
were started immediately on arrival to the PACU. Ketamine was 
DGPLQLVWHUHG�DV�DQ�LQLWLDO�EROXV�RI�����PJ�NJ�IROORZHG�E\�D�¿[HG�
rate infusion of 0.12 mg/kg/hr for 24 hours. Numeric pain scales 
ZHUH�UHFRUGHG�DW�DUULYDO�LQ�3$&8��WKHQ�HYHU\����PLQ�GXULQJ�WKH�¿UVW�
��KRXUV��DQG�WKHQ�HYHU\���KRXUV�RQ�WKH�ÀRRU�GXULQJ�WKH�¿UVW����KRXUV�
after surgery. Hydromorphone use via PCA and pain scores during 
WKH�¿UVW����KRXUV�ZHUH�UHFRUGHG�

RESULTS: The hydromorphone requirements in the placebo/
WROHUDQW� JURXS� ZHUH� VLJQL¿FDQWO\� KLJKHU� WKDQ� LQ� WKH� NHWDPLQH�
WROHUDQW�JURXS��S ��������2SLRLG�UHTXLUHPHQWV�ZHUH�QRW�VLJQL¿FDQWO\�
different between the groups receiving ketamine regardless of 
opioid tolerance (p=0.746).

Pain scores over 4 ranges values were averaged and indexed by 
the middle of the range. The last two pain scores were combined 
as the equilibrated pain score. Using rank analysis enabled us to 
reject (p=0.028) the null hypothesis that all 4 groups had equal 
HTXLOLEUDWHG�SDLQ�VFRUHV�DQG�WKHQ�VKRZ�WKDW�NHWDPLQH�ZDV�VLJQL¿FDQW�
in modulating pain scores in the tolerant patients (p=0.021; rank 
comparison of opioid tolerant for placebo vs. ketamine).

CONCLUSIONS: Low-dose ketamine infusion is a useful adjunct 
to improve pain control and reduce opioid requirements in opioid-
WROHUDQW�SDWLHQWV�XQGHUJRLQJ�PDMRU�VSLQH�VXUJHU\��,W�GRHV�QRW�EHQH¿W�
RSLRLG�QDwYH�SDWLHQWV�

REFERENCES:

1 Bell RF et al. Acta Anaesthesiol Scand 2005

2 Carstensen M et al. BJA 2010

3. Subramaniam K et al. Anesth Analg 2004

4. Mao J et al. Pain 1995

5. Woolf CJ et al. Pain 1991
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S-198.
THE DYNAMIC PROGRESSION OF DIABETIC 
NEUROPATHY IN THE PERIPHERAL SENSORY LEVEL IN 
THE TYPE 1 DIABETIC MOUSE MODEL

AUTHORS: K. Candiotti1, Y. Zhang2, K. Gomez1, J. Yang3,  
Y. F. Rodriguez-Blanco4 

AFFILIATION: 1Department of Anesthesiology, Perioperative 
Medicine and Pain Management, University of Miami, Miami, 
FL, 2Anesthesiology, Periopeative Medicine, University of miami, 
school of medicine, Miami, FL, 3Department of Anesthesiology, 
Tumor Hospital Xiangya School of Medicine of Central South 
University, Hunan, China, 4Anesthesiology, Perioperative Medicine, 
University of Miami Miller School of Medicine, Miami, FL

INTRODUCTION: Diabetic neuropathy (DN) is a secondary 
consequence of longstanding diabetes mellitus (DM). The 
progression of DN may represent a window through which the level 
of nerve injury can be diagnosed and the mechanisms of therapy can 
be understood. This study was designed to investigate the course of 
diabetes-induced abnormal sensation in a Type 1 diabetes mouse 
model. The involvement of toll like receptor 4 (TLR4) expression 
and dynamic neuropeptide calcitonin gene related peptide (CGRP) 
expression in dorsal root ganglia (DRG) and dorsal horn of spinal 
cord were investigated as was the function of the anti-oxidant 
Coenzyme Q10 (CoQ10).

METHODS: DM was induced in mice through the use of 
streptozotocin (STZ). Mechanical and thermal nociceptive 
behavioral assays were applied to evaluate diabetic neuropathic 

behavior. DRG and spinal cord tissue immunocytochemistry and 
reverse transcription and polymerase chain reaction (RT-PCR) were 
used to evaluate the molecular mechanisms that are responsible for 
the progression of DN.

RESULTS: DM mice developed both mechanical and thermal 
hypersensitivities 2-4 weeks post-DM. However, thermal sensitivity 
returned to a non-sensitive level 6 weeks post-DM, after which the 
mice gradually developed thermal hypoalgesia in the late stages of 
DM (from 10 weeks post-DM to 24 weeks post-DM). Mechanical 
allodynia remained for a longer period, from 2 weeks to 10 weeks 
post-DM, however, the mice eventually developed mechanical 
hypoalgesia in the late stages of DM (at 16 to 24 weeks of post-
DM) (Figure 1). CGRP expression levels in DRG and the dorsal 
horn of the spinal cord corresponded to a transient increase 3 weeks 
SRVW�'0�� IROORZHG� E\� D� VLJQL¿FDQW� GHFUHDVH� LQ� WKH� ODVW� VWDJHV� RI�
DM (Figure 2). TLR4 expression increased in DRG -neurons and 
satellite cells, and dorsal horn of spinal cord post-DM -co-localized 
with microglia and astrocytes in the spinal cord in the early stage of 
DM. RT-PCR results indicated that CGRP and TLR4 both increased 
in the early stage of DM, but decreased in the later stage of DM. 
CoQ10 levels in DRG decreased gradually after DM.

CONCLUSIONS: Our results demonstrate that hyperglycemia-
induced diabetic neuropathic behavior includes early-stage 
hypersensitivity and late-stage hyposensitivity. CGRP and TLR4 
pathway may play a role in early-stage diabetic neuropathic pain. 
The molecular abnormalities underlying the degeneration of 
GLDEHWLF�LQGXFHG�QHXURSDWK\� LQFOXGH� FRHQ]\PH�4���GH¿FLHQF\� LQ�
the neurons.

S-198 • CONTINUED ON NEXT PAGE
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S-199.
COMPUTATIONAL ANALYSIS OF THE PF2-LIKE DOMAIN 
OF WNK4 

AUTHORS: T. Austin, E. Delpire

AFFILIATION: Anesthesiology, Vanderbilt University, 
Nashville, TN 

BACKGROUND: The Na(+)-K(+)-2Cl(-) cotransporter NKCC1 
is expressed in sensory neurons where it accumulates intracellular  
Cl(-) and facilitates primary afferent depolarization1. WNK4 
regulates the activity of NKCC1 through the phosphorylation of 
key residues within SPAK/OSR1 leading to kinase activation2. 
This ultimately results in phosphorylation and stimulation of 
NKCC1 activity2. In this study, we computationally show that 
WNK4 possesses a domain (PF2-like) whose structure resembles 
the NKCC1 binding domain of SPAK and OSR1 (PF2), possibly 
leading to direct binding and activation of NKCC1.

METHODS: The primary sequence of the PF2-like domain 
of WNK4 was aligned with the PF2 domain of OSR1 and then 
threaded over a template based on the crystal structure of the PF2 
domain of OSR1 (2v3s) utilizing a python script supplied in the 
Rosetta software suite3,4�� $IWHU� FUHDWLRQ� RI� WKH� DSSURSULDWH� ¿OHV��
10,000 comparative models of the PF2-like domain were generated 
using the Rosetta loop modeling modality. The top 500 scoring 
models were then clustered based on root-mean-square deviation to 
2.0 Å and the top ten comparative models based on Rosetta energy 
and clustering were selected for peptide docking. For each of the 
models, the Gly-Arg-Phe-Gln-Val-Thr hexapeptide of 2v3s was 
manually placed into the PF2-like domain that corresponded to the 
CCT binding pocket of OSR1 using PyMOL. The peptide was then 
docked into the binding pocket through the use of the FlexPepDock 
application of Rosetta and a Rosetta binding energy (ddG) was 
calculated. Lastly, the Gly-Arg-Phe-Gln-Val-Thr hexapeptide was 
also computationally docked using FlexPepDock as previously 
stated into the crystal structure of the PF2 domain of OSR1 in order 
to determine relative energies.

RESULTS: Through the use of various modalities of the Rosetta 
modeling suite, it was shown that only a room-mean-square deviation 
(RMSD) of 0.603 Å separated the three-dimensional conformation 
of the binding pockets of the two domains (PF2 and PF2-like). The 
hexapeptide interacted with the PF2-like domain with slightly less 
DI¿QLW\� �PRUH�SRVLWLYH�GG*��FRPSDUHG� WR� WKH�QDWLYH�&&7�GRPDLQ�
(Table 1). However, the individual binding energies of the RFxV 
portion of the two motifs were extremely similar, varying from one 
another by less than 0.03 Rosetta energy units.

CONCLUSIONS: In previous experiments, we noticed sequence 
homology between 58 residues of the CCT/PF2 domain in SPAK/
OSR1 and a region of WNK4, which is located downstream of the 
catalytic domain. Rosetta modeling revealed structural homology 
between this WNK4 domain and the hydrophobic pocket of the 
CCT/PF2 domain. In addition, the docking portion of this analysis 
indicates that the RFxV peptide is highly likely to bind to this region 
of WNK4. Due to these preliminary results, we are continuing to 
examine the possibility that WNK4 directly interacts and activates 
NKCC1 through the use of Xenopus laevis oocytes.

REFERENCES:

1. The Journal of physiology 588.18 (2010): 3365.

2. Biochem. J 391 (2005): 17.

3. Nature protocols 8.7 (2013): 1277.

4. EMBO reports 8.9 (2007): 839.

Table 1. Binding energies (ddGs) of CCT and CCT-like domains.

Hexamer(or 
Total)

Glycine(-1) Arginine(+1) Phenylalanine(+2) Glutamine(+3) Valine(+4) Threonine(+5)

PF2 (OSR1) -17.59 0.002 -1.504 -2.356 -2.553 -0.831 -0.523

PF2-like 
(WNK4)

-16.62 -0.01 -1.765 -2.323 -2.288 -0.895 -0.461
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S-200.
LONG-LASTING SCIATIC NERVE BLOCK REDUCES  
ACUTE HYPERALGESIA, NEURONAL 
HYPEREXCITABILITY AND OPPOSES  
PAIN VULNERABILITY DEVELOPMENT AFTER 
SURGERY IN RATS 

AUTHORS: J. Kim1, C. Rivat2, S. Lim3, C. Ortner4, L. Bollag4,  
J. Estebe5, P. G. Richebe6

AFFILIATION: 1Department of Anesthesiology and Pain 
Medicine, Kangnam Severance Hospital, SEOUL, Korea, Republic 
of, 2Institut des Neurosciences de Montpellier INM, Hopital Saint 
Eloi, Universite de Montpellier 2, Montpellier, France, 3Department 
of Anesthesiology, Inje University, Busan, Korea, Republic of, 
4Anesthesiology and Pain Medicine, University of Washington 
Medical Center, Seattle, WA, 5Anesthesiology and Pain Medicine, 
Centre Hospitalier et Universitaire de Rennes, Rennes, France, 
6Anesthesiology and Pain Medicine, Hopital Maisonneuve 
Rosemont, University of Montreal, MONTREAL, QC, Canada

INTRODUCTION: Long-lasting regional anesthesia (RA) has 
been shown to better reduce pain vulnerability long-term after 
surgery1.The present study aims at evaluating the effect of RA based 
on long-lasting bupivacaine administration on hyperalgesia and 
neuronal excitability occurring one day after the initial ipsilateral 
surgery (POD1), and on central sensitization after a contralateral 
VXUJHU\����GD\V��32'����DIWHU�WKH�¿UVW�RQH�

MATERIAL AND METHODS: All Plantar Incisions2 (PI) were 
SHUIRUPHG�XQGHU�JHQHUDO� DQHVWKHVLD� �LVRÀXUDQH������6FLDWLF�1HUYH�
Block (SNB) on D0 (left hind paw, also called ipsilateral PI) 
DQG�RQ�32'���RQO\�XQGHU� LVRÀXUDQH� �ULJKW�KLQG�SDZ�� DOVR� FDOOHG�
contralateral PI). Three groups of rats were included: G0: ipsilateral 
SNB with single shot salin prior to PI on D0; G1: ipsilateral 
SNB with single shot 0.375% bupivacaine prior to PI on D0; G3: 
ipsilateral SNB with several shots of 0.375% bupivacaine prior to PI 
on D0 and every 4hs until H20 after PI. Rats’ nociceptive threshold 
was evaluated with mechanical stimulation (g) (Randall Selitto) 

every 4 hours the days of surgery and once daily for the other days 
until POD26. The variation of nociceptive threshold after the second 
surgery performed at POD15 evaluated the development of long-
WHUP�SDLQ�YXOQHUDELOLW\�DIWHU�WKH�¿UVW�VXUJHU\�GRQH�DW�'�3. In each 
group, 5 more rats were exposed to the same protocol, but on POD1 
after PI in vivo electrophysiology recording of dorsal horn Wide 
Dynamic Range Neurons (WDR) coming from the surgical area was 
performed to assess the effect of the 3 different regimen of SNB on 
the development of central sensitization and neuronal excitability.

RESULTS: On D0, hyperalgesia occurred right after awakening 
from anesthesia for G0 rats (salin group). The SNB-induced 
analgesia lasted 4hs in G1 and 20hs in G2 before hyperalgesia 
occured. Area under the curve (AUC) of hyperalgesia after D0 
ZDV� VLJQL¿FDQWO\� UHGXFHG� �S��������� LQ�*�� FRPSDUHG� WR� ERWK�*��
and G0. After the second and contralateral PI done on POD15, 
AUC of hyperalgesia was drastically decreased (p < 0.05) in G2 
versus both G0 and G1. G1 did not differ from the control group 
(G0) after POD15. In vivo electrophysiological recording showed 
on POD1 that rats protected by a long-lasting SNB (G2) had very 
small excitability of WDR neurons in their dorsal horns (p 0.05 
for comparison between G0 and G1). Hyperexcitability of WDR 
neurons assessed by post-discharges of these WDRs after 300g 
VWLPXOXV�QH[W� WR� WKH�VXUJLFDO�DUHD�UHSRUWHG�D�VLJQL¿FDQW�GLIIHUHQFH�
between G2 and both G0 and G1 (p < 0.05). Again, G0 and G1 did 
not differ in terms of WDRs post-discharges on POD1 (p > 0.05).

CONCLUSION: Single shot SNB does not protect against the 
development of acute hyperalgesia and WDRs hyperexcitability 
one day after surgery, nor does it prevent well the development of 
long-term central sensitization and vulnerability to a new painful 
VWLPXOXV��$�ORQJ�ODVWLQJ�UHJLRQDO�DQHVWKHVLD�DURXQG�WKH�¿UVW�VXUJLFDO�
event allows for a better protection against postoperative pain 
sensitization.

1. Meleine M. et al. Reg Anesth Pain Med. 2012

2. Brennan TJ et al. Pain. 1996

3. Rivat C et al. Pain. 2008



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-201

S-201.
OPIOID SIGNALING IN MOUSE GLIAL CELLS: 
IMPLICATIONS FOR OPIOID ANALGESIA AND 
TOLERANCE

AUTHORS:�9��/��7DZ¿N��*��6FKHUUHU

AFFILIATION: Anesthesiology, Perioperative and Pain Medicine, 
Stanford University, Stanford, CA

INTRODUCTION: Chronic pain is a widespread disease that 
anesthesiologists are uniquely positioned to treat. Opioids are the 
mainstay of therapy for persistent pain states; however, their use 
is fraught with side effects. While aberrant neuronal signaling 
is the ultimate cause of pain, CNS glial cells (astrocytes and 
microglia) are now known to actively modulate neurotransmission. 
It has previously been shown that morphine treatment induces 
glial activation, which might contribute to opioid tolerance. The 
expression of all three opioid receptors (mu, delta and kappa) 
by glia has been shown in in vitro studies, but data from in vivo 
studies is lacking. The goal of this work was therefore twofold:(1) 
To determine if spinal cord astrocytes and microglia express opioid 
receptors and (2) To determine if the mu opioid receptor (MOR) is 
required for glial cell activation in opioid tolerance.

METHODS: All studies were performed in mice in accordance 
with policies set forth by the Stanford University IACUC. For 
WKH�¿UVW� SDUW� RI� WKH� VWXG\��ZH� WRRN� DGYDQWDJH� RI�PLFH� H[SUHVVLQJ�
the delta opioid receptor (DOR) as a fusion protein coupled 
WR� WKH� UHSRUWHU� JUHHQ� ÀXRUHVFHQW� SURWHLQ�� WR� YLVXDOL]H� WKH� GHOWD�
opioid receptor (DOR-eGFP). Mice were deeply anesthetized, 
transcardially perfused and spinal cord tissue was removed and 
stained for neuronal markers (NeuN), microglial markers (Iba1, 
CD11b) and/or astrocyte markers (GLT1, GFAP). Confocal images 
were acquired using the Leica TCS SPE microscope. For the second 
part of the study, MOR knockout mice (Oprm1 -/-) and littermate 
controls (Oprm1 +/+), were treated twice daily with morphine 10 
PJ�NJ�VXEFXWDQHRXVO\�IRU���GD\V��0HDVXULQJ�WKH� WDLO�ÀLFN�ODWHQF\�
after morphine treatment monitored the development of analgesic 
tolerance. Spinal cord tissue was then collected as described above 
to assess for changes in glial markers.

RESULTS: (1) Using DOR-eGFP reporter mice, we found that 
the vast majority of spinal cord cells that were DOR-eGFP positive 
co-expressed the neuronal marker, NeuN. In contrast, there was no 
overlap between DOR-eGFP and the astrocyte marker, GLT1, which 
labels the entire cell body, or GFAP, which labels the astrocyte 
cytoskeleton. In addition, we did not observe any co-localization 
of DOR-eGFP with the microglial markers Iba1 or CD11b. (2) As 
expected, Oprm1 -/- mice did not exhibit any analgesic effect of 
morphine. In contrast, Oprm1 +/+ littermate controls demonstrated 
DQ� LQFUHDVHG� WDLO� ÀLFN� ODWHQF\�� ZKLFK� GHFUHDVHG� DV� WROHUDQFH�
developed. Chronic morphine treatment changed the morphology 
of microglia and astrocyte towards an activated state in Oprm1 +/+ 
mice and is currently being assessed in Oprm1 -/- mice.

CONCLUSIONS: Our preliminary results suggest that glial cells 
in vivo do not express the DOR, with similar studies underway for 
WKH�PX� DQG� NDSSD� RSLRLG� UHFHSWRUV�� ,Q� DGGLWLRQ�� ZH� FRQ¿UP� WKDW�
morphine tolerance leads to glial activation, which may be MOR-
dependent. Our ongoing work will answer the fundamental question 
of whether it is the direct activation of glial opioid receptors that 
generates opioid tolerance, which may lead to novel therapies to 
treat persistent pain.
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S-202.
THE POSTERIOR INSULA REVEALS PAIN VS REST 
FUNCTIONAL CONNECTIVITY DIFFERENCES NOT 
PRESENT WITH THE ANTERIOR INSULA

AUTHORS: K. M. Vogt1, J. W. Ibinson2

AFFILIATION:1Department of Anesthesiology, University of 
Pittsburgh Medical Center, Pittsburgh, PA, 2Pittsburgh Center for 
Pain Research, University of Pittsburgh, Pittsburgh, PA

INTRODUCTION: Multiple studies across imaging modalities 
suggest the insula has a key role in pain processing1. Recent work 
using functional connectivity MRI (fcMRI) during painful and 
innocuous thermal stimulation demonstrated anatomically different 
connectivity: the anterior insula (aIns) was more strongly correlated 
to the anterior cingulate cortex (ACC), while the posterior insula 
(pIns) better correlated to the primary somatosensory (S1) and motor 
(M1) cortices2. Our prior work on optimizing the fcMRI analysis 
methodology showed increased connectivity of the pIns to the ACC 
during pain versus rest3. This present study compares resting fcMRI 
maps to those during painful electric nerve stimulation (ENS), 
examining both correlations and anti-correlations to seed regions 
in the contralateral aIns and pIns. We hypothesized that insula-
ACC connectivity would increase during pain processing, with an 
even greater change seen in the aIns compared to the pIns results 
presented previously.

METHODS: 3 T BOLD data was acquired in 14 healthy adults 
during REST and while painful ENS (PAIN), self-rated at 7/10, 
ZDV� GHOLYHUHG� WR� WKH� ULJKW� LQGH[� ¿QJHU�� 6HHG� WLPH� FRXUVHV� IRU�
the contralateral aIns and pIns were extracted from the anatomic 
locations shown in Fig. 1, and functional connectivity was 
determined for both seed regions in both data sets using FSL 5.0. An 
RSWLPL]HG�DQDO\VLV�SLSHOLQH�ZDV�XVHG���LQFOXGLQJ�ORZ�SDVV�¿OWHULQJ��
spatial smoothing, and regression of the global signal, motion 
correction parameters, and the pain stimulation model as effects 
of no interest. Group average and PAIN vs. REST difference maps 
were generated with cluster thresholds of Z > 4 and p < 0.0001.

RESULTS: Group average functional connectivity (Fig. 2) between 
the aIns and ACC was present in REST and PAIN, while only present 
for the pIns and ACC in REST. Both aIns and pIns were positively 
correlated to the ipsilateral insula and to S1 and M1 bilaterally in 
both PAIN and REST. Notably the difference maps (Fig. 3) show 
DOPRVW�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�3$,1�YHUVXV�5(67�GLIIHUHQFHV�LQ�
aIns connectivity. In contrast, the pIns showed stronger correlation 
to the ACC in REST compared to PAIN. Further, the pIns shows 
strong anti-correlation to the posterior cingulate cortex during 
5(67��PDNLQJ�WKH�3$,1!5(67�GLIIHUHQFH�VLJQL¿FDQW�

CONCLUSIONS: Our results clearly demonstrate the impact that 
the selection of seed region can have on functional connectivity 
maps. Our data suggests that aIns connectivity is similar between 
PAIN and REST. In contrast, the pIns had more dynamic changes 
in connectivity with PAIN as evidenced by multiple areas of 
VLJQL¿FDQFH�LQ�WKH�3$,1�YV��5(67�GLIIHUHQFH�PDSV��PRVW�QRWDEO\�
the ACC, which may provide a means of differentiating between 
the two states.

REFERENCES:

1. Eur J Pain 2005; 9:463.

2. NeuroImage 2011;54:1324. 3) Anesth Analg 2013; 116: S-229.
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MULTIMODAL ANALGESIA WITH LIDOCAINE FOR 
ACUTE PAIN- A RETROSPECTIVE STUDY 

AUTHORS:�1��(LSH��4��7DZ¿F��-��3HQQLQJ

AFFILIATION: Anesthesiologist, The Ottawa Hospital, Ottawa, 
ON, Canada

INTRODUCTION: Lidocaine is an amide local anesthetic with 
D� VLJQL¿FDQW� DQDOJHVLF�� DQWL�K\SHUDOJHVLF� DQG� DQWL�LQÀDPPDWRU\�
properties when used intravenously. In 2009, the Acute Pain Service 
of a tertiary level university hospital implemented a protocol for the 
use of lidocaine infusions for perioperative pain management. The 
aim of this study was to review this use of intravenous lidocaine 
over a three year period.

METHODS: After approval from Research and Ethics Board, 
this retrospective study was completed. A list of patients for whom 
lidocaine was dispensed from the pharmacy was obtained from 
September 2009 to August 2012. This inpatient study included only 
those patients who received lidocaine infusion for pain. Patients 
receiving lidocaine only as a bolus, for other indications and in the 
ICU while on ventilatory or inotropic support were excluded. The 
data from anesthesia charts, acute pain service order sheets, pain 
assessments and acute pain medications administration records 
were reviewed. Indications, demographics, impact and side- effects 
for the patients receiving lidocaine were collected.

RESULTS:� ,Q� WKH� VWXG\� SHULRG�� ���� SDWLHQWV� ZHUH� LGHQWL¿HG� DV�
having received lidocaine. After exclusions, 102 patients were 
included in this study. The patients were 52% male with mean 
age 53 years (±36). The mean weight was 75 kg (range 40-80 
kg) .The indications for intravenous lidocaine were laparotomy 
(49%),spine surgery (16.7%), polytrauma (12.7%), amputations 
(6.9%), hysterectomy (5.9%), orthopedics (3.4%) and others 
(4.9%). History of chronic pain was present in 50%, while only 
35.3% of whole patients were chronic opioid users. Bolus dose was 
used 95% of our patients, with a mean dose of 1.34 mg/Kg (range 
0.75- 2.5). The infusion dose was ranging between 0.5-2 mg/kg/
hour. Lidocaine infusion was started as a part of intraoperative care 
and continued postoperatively in 61 patients (60%). Regarding the 
other 41 patients (40%), it was started as adjuvant after failure of 
the initial plan in controlling pain. Table 1 is showing the duration 
of lidocaine infusion. Mild side effects and/or signs of toxicity were 
reported in 10 patients (9.8%) and the infusion was stopped for 8 of 
them. No serious side effects or toxicity was reported.

DISCUSSION: This quality assurance study reports the safety and 
HI¿FDF\�RI�LQWUDYHQRXV�OLGRFDLQH�E\�DQ�$FXWH�3DLQ�6HUYLFH��7KH�XVH�
of lidocaine for acute pain outside the anesthesia and critical care 
environment has not been previously reported and requires further 
investigation.

REFERENCES:

1. Can J Anaesth. 2011; 58:22-37. 2. Br J Surg. 2008 ;95:1331-8.
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INTRATHECAL MULTIDRUG INFUSION FOR PAIN 
CONTROL IN ELDERLY PATIENTS AND END-STAGE 
MALIGNANCIES- 3 CASE REPORT SERIE 

AUTHORS: S. Abdolmohammadi, G. Blaise

AFFILIATION: Anesthesiology, Notre-Dame Hospital (CHUM), 
Montreal University, Montreal, QC, Canada

INTRODUCTION: Achieving effective, durable, and safe pain 
relief, especially in old age patients and end stage malignancies, can 
be a clinical challenge1. We present an alternative method, based on 
time-limited intrathecal infusion of an analgesic mixture.

METHOD: Three old patients (64-94 y/o), admitted in hospital 
for intractable pain due to metastatic malignancy or fracture, 
became candidate. An intrathecal catheter 20G was placed by 
SHUFXWDQHRXV�DSSURDFK�ZKLOH�WXQQHOHG�VXEFXWDQHRXVO\�DQG�¿[HG�WR�
skin. A preservative-free mixture of bupivacaine 1mg/ml, naloxone 
0.02 ng/ml, ketamine 100 microg/ml, morphine 0.01 mg/ml and 
clonidine 0.75 microgram/ml was infused by an external pomp with 
a rate of 1-2 ml/h that was decreased during the following days due 
WR�SDWLHQWV¶�UHTXLUHPHQW��0L[WXUH�VWDELOLW\�ZDV�DVVHVVHG�GXULQJ�¿YH�
days and still continues(Fig-1).

RESULTS: In all patients, pain was successfully controlled without 
any major complication such as lower limb muscles weakness, 
sphincter dysfunction, constipation and cognitive or mood 
dysfunction. In two patients, catheter was removed after four weeks 
before leaving hospital. (In one of them, catheter was infected on 
the fourth week following an urinary infection so it was removed. 
Infection was treated and cured completely. In the second patient, it 
was removed following complete pain control). The third one with 
FDQFHU�VWLOO�EHQH¿FHV�IURP�WKH�WUHDWPHQW�DIWHU�VL[�PRQWKV�DW�KRPH�

DISCUSSION: The evidences show better result for intrathecal 
approach in comparison to epidural (2B+ and 2C+ respectively2. 
Morphine, clonidine and bupivacaine have been widely used by 
intrathecal way3. Naloxone in ultra low-dose helps controlling pain 
and prevents from hyperalgesia by multiple mechanisms4,5(Fig-2). 
Ketamine has an analgesic and anti-hyperalgesic effects via NDMA 
receptors. It could be used as intrathecal approach in end-stage 
cancer related pain. But the main concern is possible neurotoxic 
effect on long term intrathecal use (even with preservative-free 
S(+)). In an animal study, intrarhecal injection of a large dose of 
1mg/kg in dogs had no histological effect6. Besides, our doses are 
much less than what have been already recommended3 (Table-1). 
Regarding to very low concentration of drugs, absorption and 
systemic effect could not explain analgesic effect of the mixture. 
Synergic effect and different mechanisms of action by spreading 
LQ� FHUHEURVSLQDO� ÀXLG� FRXOG� H[SODLQ� VXI¿FLHQW� DQDOJHVLF� HIIHFW� RI�
the mixture. The other advantage of our mixture is lower risk of 
neurotoxicity.

CONCLUSION: Infusion of multiple drugs in a mixture lets 
to control perfectly the pain, and decreases the needed dose of 
everyone, so, the possibility of systemic side effects. We succeeded 
to control severe pain with a very low daily intrathecal dose without 
major complication.

REFERENCES:

1. Institute of Medicine. Relieving pain in America. June 13, 2013.

2. Pain Pract. 2011, 11(5):453-75.

3. Med Clin North Am. 2007;91:251-270

4. J Opioid Manag. 2008 Jul-Aug;4(4):251-4.

5. Expert Opin Investig Drugs. 2013 Apr;22(4):517-25.

6. Anesth Analg. 2012 Feb;114(2):450-5.

Table 1: Comparison of recommended daily drugs’ doses and our 
doses

Product Recommended dose3 Our dose

Morphine 1-20mg 0.08-0.25mg

Bupivacaine 4-30 mg 8-24mg

Clonidine 30-1000 micrgram 8-25 microgram

Naloxone no data available 0.2-0.5 ng

Ketamine 1-50 mg 1-2.5 mg

Naloxone no data available 0.2-0.5 ng

Ketamine 1-50 mg 1-2.5 mg
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IMPROVING THE UTILIZATION OF AN INPATIENT PAIN 
SERVICE AT A COMMUNITY HOSPITAL

AUTHORS: E. Cooper, G. Sesana, P. Upadya, S. Dadaian

AFFILIATION: Anesthesiology, St. Joseph’s Regional Medical 
Center, Paterson, NJ

INTRODUCTION: With the necessity for adequate pain 
management in inpatients well documented, the creation of 
an inpatient pain management service is a logical extension to 
improving care. The institution of such a service is shown to 
have improved outcomes, provide better pain control and patient 
satisfaction; a reduction in both cost and length-of-stay has 
also been suggested. However, the structure of inpatient pain 
management services varies greatly in different institutions, from 
a full department with dedicated personnel and structured policies 
to a single individual with other unrelated clinical responsibilities. 
In an environment with limited resources, improving utilization of 
such services can allow for the appropriate allocation of resources 
to patients with the greatest need.

METHODS: A survey was created to determine what steps were 
taken by the primary service to address patients’ pain prior to a pain 
management consult. The pain management consultants were asked 
to complete this survey for all consults and judge the appropriateness 
of the consult.

RESULTS: 103 surveys were received and analyzed. The data was 
divided into those deemed appropriate (n=49) and inappropriate 
(n=52). Within these categories, the remaining questions were 
analyzed via contingency tables.

Consults were more likely to be deemed appropriate in the following 
scenarios: acute pain over chronic pain (p=0.01); the patient was 
started on any pain medication (p=0.027); home pain medications 
ZHUH� FRQWLQXHG� �S �������� :KLOH� QRW� VWDWLVWLFDOO\� VLJQL¿FDQW��
consults communicated physician-to-physician showed a trend 
toward increased appropriateness (p=0.07). No differences were 
seen between admitting services, timing of consult or prior work-up.

Of 52 consults deemed inappropriate, the most common reason 
was “Straightforward case that primary team should have been able 
to handle” (27 cases), followed by “Only needed to restart home 
medications” (18).

CONCLUSIONS: The results of this study indicate there is 
VLJQL¿FDQW� GLIIHUHQFH� RI� SHUFHSWLRQ� EHWZHHQ� PHPEHUV� RI� WKH�
admitting team and those on the pain service as to what criteria 
ZDUUDQW�DQ�LQSDWLHQW�FRQVXOWDWLRQ��7R�HQFRXUDJH�HI¿FLHQW�XWLOL]DWLRQ�
of the pain service, we suggest that the following criteria be met 
prior to obtaining a consult: ensure that the patient is experiencing 
an acute change in their pain, restart/continue all home pain 
medications and order additional pain medications to address the 
patient’s pain. If these measures are inadequate, a consultation 
may be indicated. Additionally, it is preferable that the consult be 
communicated physician-to-physician, providing a higher quality 
of care.

The limitation of this study is the data is self-reported; consults 
perceived negatively are more likely to be reported than those 
deemed appropriate. Additionally, this study suggests what 
problems exist; however, it does not explore why these obstacles 
exist. Further areas of study may include evaluation of the opinions 
and attitudes of primary services on their knowledge and comfort in 
approaching and managing pain.

S-206.
PERIOPERATIVE DEXAMETHASONE AND THE 
DEVELOPMENT OF CHRONIC POST-MASTECTOMY 
PAIN: A PROPENSITY MATCHED ANALYSIS 

AUTHORS: G. S. De Oliveira

AFFILIATION: Anesthesiology, Northwestern University, 
Chicago, IL

INTRODUCTION: Chronic pain after breast cancer surgery 
can occur in approximately forty percent of patients but effective 
strategies to prevent its development are largely understudied. 
3HULRSHUDWLYH� PRGXODWLRQ� RI� VXUJLFDO� LQÀDPPDWRU\� UHVSRQVH�
has been repeatedly hypothesized as a viable pharmacological 
preventive target. The main objective of the current investigation 
was to evaluate an association between the use of a potent anti-
LQÀDPPDWRU\� GUXJ� �GH[DPHWKDVRQH�� DQG� WKH� GHYHORSPHQW� RI�
chronic pain after mastectomy.

METHODS: The study was a retrospective cohort investigation. 
Subjects who have undergone mastectomy surgery were evaluated 
at least 3 months after the surgical procedure for the presence of 
chronic post-surgical pain using validated pain questionnaires. 
Propensity matched analyses to control for confounding covariates 
were performed in subjects who received and did not receive 
perioperative dexamethasone.

RESULTS: 310 patients were included in the study. 132 patients 
(43%) reported the presence of chronic pain in the breast and/or 
axillary region. 211 out of 310 (68%) subjects received perioperative 
dexamethasone on doses varying from 4-10 mg. After propensity 
matching, the incidence of chronic pain in the mastectomy group 
who received perioperative dexamethasone was not different, 33 out 
87 (38%) compared to 41 out 87 (41%) in the group who did not 
receive perioperative dexamethasone, P= 0.76. Pain intensity was 
also similar between the groups.

CONCLUSIONS: Perioperative dexamethasone is not associated 
with a reduction in the incidence and/or severity of chronic post-
mastectomy pain. Our results do not support the current concept that 
short perioperative interventions are effective to prevent chronic 
postsurgical pain.
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S-208.
EFFECT OF INTRAVENOUS LIDOCAINE ON 
POSTOPERATIVE RECOVERY IN PATIENTS 
UNDERGOING BREAST SURGERY: A DOUBLE-BLINDED, 
PLACEBO RANDOMIZED CONTROLLED TRIAL 

AUTHORS: A. S. Terkawi1, D. Brenin2, M. E. Durieux1,  
F. E. Blum3, M. Tiouririne1

AFFILIATION: 1Anesthesiology, University of Virginia, 
Charlottesville, VA, 2Surgery, University of Virginia, Charlottesville, 
VA, 3Anesthesiology, UVA, Charlottesville, VA

INTRODUCTION: Pain after breast surgery is usually treated with 
narcotics; however, these are associated with a high incidence of side 
effects such as itching, nausea and vomiting (PONV), constipation, 
urinary retention and dizziness1. Intravenous lidocaine has been 
shown to reduce opioid consumption and improve postoperative 
outcomes overall in abdominal surgery2. In this study, we tested the 
effect of intraoperative intravenous lidocaine infusion on the quality 
of postoperative recovery after breast surgery.

METHODS: Seventy-one patients undergoing breast surgery 
were randomly allocated to receive either placebo (Group A; 
n=34) or intracenous lidocaine (Group B; n=37, bolus 1.5 mg/kg at 
induction, then infusion at 2 mg/kg/hr, stopped at procedure end) in 
a prospective double blind design. Intraoperative and postoperative 
morphine consumption was calculated. Postoperative pain scores, 
PONV, as well as fatigue were assessed at 2, 24 and 48 hours after 
surgery. Duration of postoperative hospital stay was recorded.

RESULTS: Demographics were the same between the groups. 
There was no difference in intraoperative or postoperative (Figure 
1) morphine consumption (p= 0.188, and p=0.758), pain scores 
either at rest or activity (p=0.348, and p= 0.810, respectively), 
PONV (p=0.350) and fatigue (p=0.758). Discharge times were 
similar (p=0.218).

CONCLUSION:�2XU�¿QGLQJV�GLG�QRW�VKRZ�D�VLJQL¿FDQW�HIIHFW�RI�
intravenous lidocaine during breast surgery on opioid consumption, 
SDLQ�VFRUH��3219�RU�IDWLJXH��LQGLFDWLQJ�WKDW�EHQH¿W�RI�WKLV�DSSURDFK�
is not seen after all types of surgery.

REFERENCES:

1. Pain Physician 2008; 11:S133-S153

2. Anesth Analg. 2004; 98(4):1050-5

Figure 1: Postoperative morphine consumption
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HUMAN FACTORS RESULTS FOR IONSYS (FENTANYL 
TRANSDERMAL SYSTEM) FOR POSTOPERATIVE PAIN 
MANAGEMENT 

AUTHORS: H. Minkowitz1, N. Joshi2, B. Phipps3, S. B. Wilcox4, 
P. Sneeringer4

AFFILIATION: 1Anesthesiology, Memorial Hermann Memorial 
City Hospital, Bellaire, TX, 2Global Product Development, The 
Medicines Company, Redwood City, CA, 3&KLHI� 6FLHQFH�2I¿FHU��
The Medicines Company, Redwood City, CA, 4Consultant, Design 
Science Consulting, Inc., Philadelphia, PA

INTRODUCTION: IONSYS is a convenient means to deliver 
patient-controlled analgesia for management of acute post-operative 
pain. The system is applied by a nurse to the arm or chest and 
fentanyl is delivered through the skin when the patient presses a 
button on the device. Usability of the system was tested in 2 studies 
with patients, nurses, & pharmacists.

MATERIALS AND METHODS: The product design (Figures 1 
	�����LQ�SDUWLFXODU�WKH�XVHU�LQWHUIDFH��ZDV�UH¿QHG�EDVHG�RQ�¿QGLQJV�
from formative studies conducted during device development. Two 
simulated-use studies were completed with the product to validate 
usability. In the 1st study, 30 adult patients undergoing treatment for 
post-operative pain were randomized to receive placebo IONSYS on 
their arm or chest. The ability of patients to administer treatment and 
respond appropriately to various system alerts was evaluated. The 
2nd study with 31 pharmacists & nurses evaluated the participants’ 
ability to assemble and apply IONSYS to a mannequin; comprehend 
and respond to normal operation and alert states; and remove and 
dispose of IONSYS.

RESULTS: Patient Study: 30/30 patients were able to successfully 
administer a simulated treatment using IONSYS. One participant 
KDG�GLI¿FXOW\�SUHVVLQJ�WKH�GRVLQJ�EXWWRQ�RQ�WKH��VW�DWWHPSW��EXW�ZDV�
successful in initiating a dose on the next attempt. All participants 
responded appropriately to a simulated system alert by indicating 
they would call the nurse. Overall, patients found the system 
convenient and very easy to use at both application sites. They liked 
the size and discreteness of the device and the ability to do other 
necessary activities while wearing the device. Patients made no 
errors and had no near misses that could lead to potential unsafe 
situations. Therefore, this study validated that patients were able to 
easily use IONSYS safely.

Healthcare Professional (HCP) Study: No training was provided to 
the nurses or pharmacists; however, they had access to the Quick 
Guide that is provided with IONSYS. A majority of participants 
were able to assemble IONSYS in less than 1 minute. After 
assembling and applying to a mannequin, participants were able 
to correctly determine all operational states (ready state, dosing 
state, end of use) and comprehend system feedback (light, beeps, 
GLVSOD\���7KRXJK�VRPH�KDG�PLQRU�GLI¿FXOW\�FRPSUHKHQGLQJ�DOHUWV��
all participants were able to respond appropriately to system alerts. 
Many participants noted that IONSYS would become even easier 
to use upon repeated use. All participants were able to remove 
IONSYS from the mannequin and properly dispose. Overall, HCPs 
found IONSYS convenient and very easy to use. They liked the size 
RI�WKH�SURGXFW��EHQH¿WV�RI�D�SUH¿OOHG�DQG�SUHSURJUDPPHG�SURGXFW��
DQG�WKH�SHUFHLYHG�HDVH�RI�XVH�E\�SDWLHQWV��$�IHZ�QRWHG�WKH�¿[HG�GRVH�
may be a limitation for use with some patients.

DISCUSSION: Patients, nurses, and pharmacists were able to use 
IONSYS with ease. There were no errors or near misses that could 
have led to potential unsafe use.

Figure 1:  Illustration of the Controller and Drug Unit of IONSYS 

Figure 2:  Illustration of IONSYS Use by Patient 
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EFFICACY OF SPINAL CORD STIMULATION FOR 
RELIEF OF NON-MALIGNANT CHRONIC PAIN AND THE 
IMPORTANCE OF PROPER PATIENT SELECTION

AUTHORS: P. Mehrabian, K. D. Candido, R. Sauer, N. Knezevic

AFFILIATION: Anesthesiology, Advocate Illinois Masonic 
Medical Center, Chicago, IL

INTRODUCTION: Spinal Cord Stimulator (SCS) technology 
has improved in recent years and these devices been implanted 
in increasing numbers of chronic pain patients. A trial period of 
5-7 days is commonly recommended by most clinicians before 
permanently implanting the devices and the decision for permanent 
SCS is made based on a minimum of 50% improvement during the 
trial.1 The importance of patient selection is emphasized by many 
studies and clinicians to improve outcome and reduce application 
in non-responders.

METHOD:�7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�GHPRQVWUDWH�WKH�HI¿FDF\�
of SCS in reducing pain and improving quality of life. After 
obtaining IRB approval, we included all patients that received trial 
SCS treatment at our hospital between January 2012 and March 
2013. Patient selection criteria for SCS treatment were chronic pain 
with poor response to the conventional treatments for a minimum of 
six months, low chance of success of any surgery, no malignancy, 
no active drug abuse and completion of psychological evaluation.2

RESULTS: Twenty six patients were eligible for inclusion. 
Demographic information is shown in the Table-1. 23% of patients 
were employed, 15% retired and the rest were on disability before 
SCS treatment. More than 76% of patients had lower extremity 
pain and 54% of patients had a diagnosis of Failed Back Surgery 
Syndrome before the SCS trial. Other indications for SCS were 

Complex Pain Regional Syndrome (27%), Chronic Sacroiliac Pain, 
and chronic hip pain. Almost all patients had undergone multiple 
steroid injections, >50% had failed physical therapy and >85% were 
using opioids prior to the SCS trial.

$OO�SDWLHQWV�KDG�D�SRVLWLYH�UHVSRQVH�WR�WKH�WULDO�GH¿QHG�DV�����WR�
100% improvement in pain (average 78%) during 3 to 9 days of 
trial (average 6 days). The average NRS pain rating before trial 
was 7.9/10 and was reduced to 3.0/10 by the end of trial period. All 
patients proceeded to a permanent SCS implantation.

The average daily pain after receiving permanent SCS decreased 
from 7.7/10 to 4.0/10 on the NRS. Interference of pain with general 
GDLO\� DFWLYLW\� ZDV� UHGXFHG� IURP� ���� WR� ����� 6OHHS� GLI¿FXOWLHV�
improved from 8.8 to 5.6 and interference with walking reduced 
from 6.6 to 4.4 on a scale of one-to-ten. (Shown in the Diagram-1)

No meaningful correlation was seen between degree of response 
and race, age, employment condition or diagnosis before trial SCS. 
7KHUH� ZDV� QR� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ� UHVXOWV�
attained using SCS from three different vendors.

CONCLUSION: Results of this retrospective study showed that 
SCS therapy could be an effective treatment option for many 
patients with strict selection criteria. Besides the aforementioned 
UHFRPPHQGHG� LQGLFDWLRQV� DQG� EHQH¿WV� IRU� 6&6� WUHDWPHQW�� WKLV�
treatment is still underutilized and further studies are recommended 
WR�PHDVXUH�EHQH¿WV�DQG�SRVVLEOH�QHZ�LQGLFDWLRQV�

REFERENCES:

1.   Spinal Cord Stimulator treatment, Benzon, et al; Essentials of 
Pain Medicine, Third Edition, Elsevier, 2012; 439-447.

2.   Atkinson L, et al. Recommendation for patient selection in 
spinal cord stimulation. J Clin Neurosci. 2011; 18:1295-302.
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S-212.
PHARMACOKINETIC CHARACTERISTICS OF THE 
IONSYS® (FENTANYL) SEPARATED SYSTEM WITH 
ENHANCED CONTROLLER 

AUTHORS: R. S. Sinatra1, B. Phipps2, N. Joshi3

AFFILIATION: 1Anesthesiology, Yale School of Medicine, 
New Haven, CT, 2&KLHI�6FLHQWL¿F�2I¿FHU��,QFOLQH�7KHUDSHXWLFV��
Inc., Redwood City, CA, 3Global Product Development, Incline 
Therapeutics, Inc., Redwood City, CA

INTRODUCTION: IONSYS Separated System with Enhanced 
Controller is being developed for the short-term (in hospital) 
management of postoperative pain in adult patients requiring 
opioid analgesia. This study evaluated the pharmacokinetic (PK) 
characteristics of a new version of IONSYS referred to as the 
Separated System with Enhanced Controller (SSEC). The primary 
REMHFWLYH�RI� WKLV�VWXG\�ZDV� WR�PHDVXUH�¿YH�NH\�3.�SDUDPHWHUV�DV�
a function of applied current. A key secondary objective of this 
study was to evaluate the bioequivalence of the SSEC to an earlier 
integrated version of IONSYS.

METHODS: This was a single-center, randomized, open-label, 
3-period, 5 treatment, 6-sequence design. A total of 52 subjects 
received three total treatments. All subjects received oral naltrexone 
(b.i.d) to block opioid effects. Each subject was randomly assigned 
to receive a treatment sequence consisting of IV fentanyl citrate 
(hourly infusions of 80 µg fentanyl over 20 minutes) and the SSEC 
at 170 µA (2 consecutive 10 minute doses per hour), and then one of 
three additional hourly treatments with SSEC at 140, 200, or 30 µA. 
All hourly treatments were administered for 23.33 hours with blood 
samples drawn frequently from 23 to 25 hours and then periodically 

through 48 hours. At least 6 days separated each of the treatment 
periods. The following PK parameters were determined: Cmax, 
tmax, t½, AUC, and amount of fentanyl absorbed. The calculated 
PK parameters were derived using a non-compartmental analysis of 
the serum concentration-versus-time data. The amount of fentanyl 
absorbed for each subject was calculated from the ratio of the area 
XQGHU�WKH�VHUXP�IHQWDQ\O�FRQFHQWUDWLRQ�SUR¿OH��$8&��IRU�WKH���UG�
and 24th hours for the SSEC treatments to the AUC for the IV 
infusion, multiplied by the IV dose of 80 µg. Bioequivalence criteria 
were applied to the comparison of geometric mean Dose Absorbed 
from the SSEC (170 µA) to the mean Dose Absorbed from the 
historical IONSYS Integrated System.

RESULTS:� ,Q� JHQHUDO�� WKH� IHQWDQ\O� FRQFHQWUDWLRQ� SUR¿OHV� ZHUH�
similar in shape for each of the SSEC treatments, demonstrating 
increasing concentrations at increased current. The key PK 
parameters for each treatment are presented in Table 1 with the 
historical IONSYS values.

Statistical comparison of the Dose Absorbed from the SSEC (170 
µA) (test) relative to the historical Integrated System (reference) 
indicated that the ratio of the geometric means (104.10%) as well 
as the 90% CIs (92.35%, 117.35%) were fully contained within the 
bioequivalence limits of 80% - 125%. Therefore, these data establish 
that the SSEC is bioequivalent to the historical comparator.

DISCUSSION: Overall, exposure of fentanyl administered 
transdermally with an iontophoretic system increased with the 
magnitude of the applied current, and bioequivalence criteria were 
met for the Dose Absorbed for the SSEC (170 µA) when compared 
with historical IONSYS Integrated system.

Table 1: PK Parameters for IONSYS (Historical Data), IV Fentanyl Infusion (80 µg) and the SSEC

Parameter
(units)

IONSYS
170 µA
1 ��

IV
Infusion
1 ��

SSEC
140 µA
1 �

SSEC
170 µA
1 ��

SSEC
200 µA
1 ��

SSEC
230 µA
1 ��

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

AUC23-24��KU�QJ�P/� 2.41(0.56) 2.21 (0.50) 1.47(0.43) 1.96(0.50) 2.46(0.46) 3.42(1.25)

Cmax (ng/mL) 1.37(0.30) 1.52 (0.40) 0.87(0.23) 1.25(0.43) 1.51(0.28) 2.06(0.71)

tmax (hr) 23.65(0.25) 23.48 (0.78) 23.75(1.6) 23.29(0.60) 23.19(0.28) 23.24(0.39)

t1/2 (hr) 11.0(2.4) 13.0 (7.4) 11.5(3.1) 11.0(4.4) 11.9(5.9) 11.1(3.1)

Fentanyl absorbed (µg) 74.8(11.5) 80 (reference) 56.0(14.0) 69.9(13.2) 86.5(16.0) 117.8(21.3)
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THE EFFECTS OF A NEW ORAL FORMULATION OF 
METHYLNALTREXONE ON BIOAVAILABILITY AND 
MORPHINE-INDUCED GI TRANSIT CHANGES IN RATS

AUTHORS: C. Yuan, C. Wang

AFFILIATION: Anesthesia & Critical Care, University of Chicago, 
Chicago, IL

INTRODUCTION: Methylnaltrexone (MNTX), a peripherally 
restricted opioid antagonist with mu-opioid receptor selectivity, 
can reduce opioid activity in the gastrointestinal (GI) tract without 
affecting the pain relief afforded by opioids1. A subcutaneous 
injectable form of MNTX is currently approved for the treatment 
of opioid-induced constipation in patients with advanced illness. 
Compared to injection, however, oral administration is more 
convenient and safer for drug delivery. Since the bioavailability of 
oral MNTX is low2, in this study we prepared a new oral formulation 
of MNTX to observe if its bioavailability could be increased. Then, 
the reversal of morphine-induced GI transit changes were compared 
between the new MNTX-PC formulation and unformulated MNTX.

METHODS: The MNTX-phosphatidylcholine complex (MNTX-
PC) was prepared, and the physicochemical properties of this 
formulation were analyzed3 and compared with those of the 
unformulated MNTX. After 250 mg/kg of oral MNTX-PC or MNTX, 
rat plasma samples were collected for up to 9 hr. The plasma MNTX 
FRQFHQWUDWLRQV�ZHUH�TXDQWL¿HG�XVLQJ�/&�06�06�IRU�ELRDYDLODELOLW\�
comparison (n=5/group). Gut motility was determined by measuring 
GI transit with a charcoal marker expressed as percent total distance 
in the small intestine the marker traveled4 in animals given IP 3-10 
mg/kg of morphine, oral 10-30 mg/kg MNTX or MNTX-PC (n=8/
group). Data were analyzed using a two-way analysis of variance 
(ANOVA).

RESULTS: In both MNTX and MNTX-PC groups, two peaks 
in MNTX plasma concentration were observed at 120 and 180 
min. The AUC (0-540 min) for MNTX and MNTX-PC groups 
were 1405.9 ± 447.8 and 5758.2 ± 1474.2 ng•h/mL, respectively 
(Figure 1, left panel). The relative bioavailability after oral MNTX-
PC administration was increased 410% compared to that with 
unformulated MNTX. In a separate experiment, GI transit was 59.2 
�� ����� DIWHU� YHKLFOH� �FRQWURO��� 0RUSKLQH� ��� PJ�NJ� VLJQL¿FDQWO\�
reduced transit to 41.9 ± 3.9%. The effects of morphine on transit 
ZHUH� VLJQL¿FDQWO\� UHYHUHG� E\�017;�3&� FRPSOH[� ������ �� ������
compared to unformulated MNTX (46.3 ± 4.0%) (Figure 1, right 
panel; P < 0.05).

CONCLUSIONS: The MNTX-PC complex formulation 
VLJQL¿FDQWO\�LQFUHDVHG�RUDO�ELRDYDLODELOLW\�RI�017;�DQG�HQKDQFHG�
the reversal of morphine-induced GI transit changes. Our data 
suggest that the PC-based oral MNTX formulation may have 
clinical utility for opioid-induced bowel dysfunction.

REFERENCES:

1.  Rotshteyn Y et al. Expert Opin. Drug Metab. Toxicol. 
2011;7:227-35.

2.  Yuan CS. Ann. Pharmacother. 2007;41:984-93.

3. Stremmel W et al. Expert Opin Investig Drugs 2010;19:1623-30.

4. Mittelstadt SW. J. Pharmacol Toxicol Meth. 2005;52,154-8.
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MORPHINE 6-O-SULFATE SODIUM: A NOVEL OPIOID 
ANALGESIC ALTERNATIVE EVALUATED IN A RAT MODEL 
OF DIABETIC NEUROPATHY 

AUTHORS: N. Dogra1, J. K. Yadlapalli2, M. Dobretsov3, 
P. A. Crooks4

AFFILIATION:1Department of Anesthesiology, College of 
Medicine, University of Arkansas for Medical Sciences, Little Rock, 
AR, 2Department of Pharmaceutical Sciences, College of Pharmacy, 
University of Arkansas for Medical Sciences, Little Rock, AR, 
3Associate Professor, Department of Anesthesiology, College of 
Medicine, University of Arkansas for Medical Sciences, Little 
Rock, AR, 4Professor and Chair, Department of Pharmaceutical 
Sciences, College of Pharmacy, University of Arkansas for Medical 
Sciences, Little Rock, AR

INTRODUCTION: Treatment of diabetic neuropathic pain 
still remains a vexing problem. Various drugs, including opioids, 
KDYH� OLPLWHG� HI¿FDF\� DQG� XQGHVLUDEOH� VLGH� HIIHFWV�� +HQFH� IXUWKHU�
enhancement of this drug class is required to develop compounds, 
which are effective for neuropathic pain while lacking opioid side 
effects, including tolerance. Morphine 6-O-sulfate (M6S) appears to 
be one such promising agent. This study was designed to compare 
WKH� DQDOJHVLF� HI¿FDF\� RI� PRUSKLQH� DQG� 0�6� LQ� D� UDW� PRGHO� RI�
diabetic neuropathy.

METHODS: Protocol was approved by the Institutional Animal 
Care and Use Committee. Diabetes was induced in male Sprague 
Dawley rats with Streptozotocin 65mg/kg (i.p.). Rat hind limb 
paw withdrawal and deep pressure pain threshold (PPT), pinprick 
sensitivity threshold (PST) and heat pain threshold (HPT) were 
measured using an Ugo Basile Analgesy Meter (Stoelting), a gradient 
hot plate instrument (Life Science) and a sharp needle attached to 
a force transducer (World Precision Instruments). Thresholds were 
measured before and 1-3 weeks after induction of diabetes and 
before and at 1-4 hours after drug injection (i.p.0.25mg/kg-3mg/kg). 
In tolerance studies, the test drug was injected daily with thresholds 
measured on the1st, 3rd and 7th days of treatment.

RESULTS: In naive animals, morphine and M6S produced a 
dose-dependent increase in HPT, with maximum analgesic effect at 
1.5mg/kg dose. However, compared to morphine, a half-maximum 
effect of M6S on HPT was observed at a 3 times lower dose (i.e. 
0.25±0.04 mg/kg). With a 1.5mg/kg dose both drugs produced a 
weak, temporary increase in PPT and neither drug affected PST. 
Experimental diabetes caused deep tissue hyperalgesia (decrease of 
PPT from 103±4g to 73±2 g; p<0.01), pinprick hypoalgesia (increase 
in PST from 9.7±0.7 g to 71±6 g; p<0.01) but no changes in HPT. 
Also, 50% of diabetic rats (but no control animals) demonstrated 
paw licking and guarding behavior in the pinprick test. Morphine 
and M6S (1.5mg/kg) relieved deep pressure hyperalgesia and 
almost eliminated licking behavior in the pinprick test in diabetic 
DQLPDOV� �ZLWKRXW� VLJQL¿FDQW� HIIHFW� RQ� 367��� /LFNLQJ� EHKDYLRU�
remained suppressed during a week of repeated drug injections 
showing no tolerance to M6S or morphine. Tolerance to morphine’s 
action on deep pressure pain developed in sharp contrast to the lack 
RI�WROHUDQFH�REVHUYHG�ZLWK�0�6��7KH�DQDOJHVLF�HI¿FDF\�RI�0�6�RQ�
heat pain was increased in diabetic rats (compared to control rats) 
while that of morphine was suppressed.

CONCLUSIONS:�7KLV�VWXG\�VXJJHVWV�WKDW�0�6�LV�DQ�HI¿FDFLRXV�
DOWHUQDWLYH�WR�PRUSKLQH�LQ�WUHDWLQJ�VXSHU¿FLDO�KHDW�DQG�GHHS�SUHVVXUH�
pain in diabetic neuropathy. Compared to morphine, the analgesic 
effect of M6S on HPT is retained during diabetes while requiring 
about 3 times lower drug concentration. Furthermore, even though 
both morphine and M6S relieved deep pressure hyperalgesia in 
diabetic rats, tolerance developed only to morphine. Further studies 
are needed to determine if M6S is also superior to morphine in the 
treatment of licking behavior (a putative sign of central nociceptive 
sensitization) in the pinprick test.
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MARKOV CHAIN MODELING OF POSTOPERATIVE PAIN 
STATE TRANSITIONS

AUTHORS: M. A. Bzdega, P. J. Tighe

AFFILIATION: Department of Anesthesiology, University of 
Florida, Gainesville, FL

INTRODUCTION: Over 60% of surgical patients suffer from 
moderate to severe acute postoperative pain.1 Recent efforts to 
predict postoperative pain have begun to examine the dynamic 
nature of postoperative pain, rather than focus on whether or not a 
SDWLHQW�VXIIHUV�IURP�SDLQ�ZLWKLQ�D�¿[HG�LQWHUYDO�RI�WLPH�2 Here, we 
investigate how patients transition from one pain score to the next 
by deriving a Markov chain for each of over 8,000 surgical patients.

METHODS: This retrospective cohort study was approved by the 
University of Florida IRB. We examined 476,613 postoperative 
pain score observations recorded between the end of surgery and 
postoperative day seven from a mixed surgical cohort of 8,346 
VXEMHFWV��(DFK�SDLQ�VFRUHV�ZDV�FODVVL¿HG������XVLQJ�WKH�QXPHULFDO�
rating scale, with an additional state of ‘asleep’, with each of these 
FODVVL¿FDWLRQV�FRQVLGHUHG�D�SDLQ�VWDWH��:H�WKHQ�FDOFXODWHG�D�WUDQVLWLRQ�
matrix to demonstrate the probability that a patient would move 
from the current pain state i to the subsequent pain state j. For the 
purposes of this experiment, and given the extremely large number 
RI� IDFWRUV� GLUHFWO\� LQÀXHQFLQJ� WKH� G\QDPLFLW\� RI� SRVWRSHUDWLYH�
pain, we presumed the Markov property such that the conditional 
probability distribution of a future pain state depends only on the 
present state. Finally, we report the overall Markov Chain transition 
matrix, as well as the steady state probability vector.

RESULTS: We found the transition matrix to be irreducible and 
aperiodic, where all states can be obtained during a random walk 
and no state was absorbing. In general, patients transitioned to a 
similar pain score, with the highest probabilities centered on the 
current pain score, but skewed toward decreased pain scores. 
(Figure 1) Patients with moderate to high pain scores (scores of 
5-8) frequently transitioned to asleep and 0 (range of 19.8 - 23.8% 
probability) and patients with a score of 10 transitioned to 0 or 
asleep (17.3% probability). Next, we computed the steady state 
distribution vector that demonstrates the amount of time a patient 
spends in each pain score and describes the long-term nature of 
the pain trajectory. (Figure 2) Pain states of 0 (23.6%) and asleep 
(23.3%) had the highest probability in the steady state distribution 
followed by pain score states of 5 (7.4%) and 8 (6.2%).

CONCLUSION: Our work provides a new framework, based on 
the assumption of the Markov property, to predict post-operative 
pain trajectories. The transition matrix provides insight into how 
patients transition from one pain score to the next and can be used 
to simulate patient’s pain trajectories and steady state probabilities.

REFERENCES:

1.  Pain Experience: Results from a National Survey Suggest 
Postoperative Pain Continues to Be Undermanaged. Anesthesia 
& Analgesia 2003;97:534-40.

2.  Chapman CR, Donaldson GW, Davis JJ, Bradshaw DH. 
Improving individual measurement of postoperative pain: 
WKH�SDLQ�WUDMHFWRU\��7KH�MRXUQDO�RI�SDLQ���RI¿FLDO� MRXUQDO�RI� WKH�
American Pain Society 2011;12:257-62.
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AN AUDIT TO DETERMINE THE SAFETY OF THE 
NOVEL ORAL ANTICOAGULANTS, DABIGATRAN 
AND RIVAROXABAN, FOR PATIENTS INITIATED ON 
ANTICOAGULANT THERAPY

AUTHORS: H. Kurunadalingam1, M. P. Vizcaychipi2, S. Patel1, 
I. H. Gabriel3, H. Yarranton4, D. J. Richard Morgan5

AFFILIATION:1Anaesthesia, Chelsea and Westminster Hospital, 
London, United Kingdom, 2Anaesthesia, Chelsea & Westminster 
Hospital, London, United Kingdom, 3Medicine, Chelsea and 
Westminster Hospital, London, United Kingdom, 4Medicine, 
Chelsea and Westminster Hospital, London, United Kingdom, 
5Medicine and Emergency Department Directorate, Chelsea and 
Westminster Hospital, London, United Kingdom

INTRODUCTION: In the UK, dabigatran and rivaroxaban are 
licensed and approved by National Institute for Health and Care 
Excellence (NICE) for the prevention of stroke and systemic 
HPEROLVP�LQ�SDWLHQWV�ZLWK�QRQ�YDOYXODU�DWULDO�¿EULOODWLRQ��$)��DQG�
rivaroxaban is also licensed for treatment and secondary prevention 
of deep vein thrombosis (DVT) and pulmonary embolism (PE), 
approved by NICE in 2012. However, experience amongst clinicians 
in the UK using novel oral anticoagulants (NOACs) agents remains 
fairly limited.

Until the introduction of these agents, warfarin therapy was 
FRQVLGHUHG� WKH� ¿UVW� OLQH� RSWLRQ� IRU� WKHVH� LQGLFDWLRQV� ZKHUH� WKH�
experience and knowledge of warfarin use is substantially greater 
including management strategies for underanticoagulation and 
overanticoagulation, which is not as clear with NOACs as there is 
QR�VSHFL¿F�DQWLGRWH��+RZHYHU�� WKH�DGYDQWDJHV�RI� WKH�QRYHO�DJHQWV�
DUH�� QR� URXWLQH� DQWLFRDJXODQW� PRQLWRULQJ�� ¿[HG� GRVLQJ� DQG� QR�
lifestyle/food interference, offering convenience to patients.

At our hospital, NOACs were prescribed from December 2011 for 
stroke prevention in AF and VTE treatment where warfarin therapy 
was ineffective and prescribing was restricted.

The aim of this audit is to determine the safety of dabigatran and 
ULYDUR[DEDQ�LQ�FOLQLFDO�SUDFWLFH��VSHFL¿FDOO\�ZLWK�D�IRFXV�RQ�DGYHUVH�
effects, bleeding outcomes, and management.

METHODS:

1.  The audit team agreed the aims and standards and reviewed the 
literature

����$� SKDUPDF\� UHSRUW� LGHQWL¿HG� SDWLHQWV� SUHVFULEHG�12$&V� IURP�
December 2011 to April 2013

3.  Clinical information was accessed using patient medical notes 
and electronic records

4. A data template spreadsheet was developed to record audit data

RESULTS: 

165 patients were initiated on NOAC therapy; 33 patients excluded. 
132 patients were included in the audit. The majority of patients on 
rivaroxaban (n=50) were aged 71 to 90years old and on dabigatran 
(n=43) were aged 61 to 80years old.

Management of the major gastrointestinal bleeding events involved 
a 7 unit blood transfusion and Novoseven (coagulation factor 
VIIa recombinant) for a patient on rivaroxaban and a 4 unit blood 
transfusion for the patient on dabigatran. Both patients survived.

CONCLUSIONS: The NOACs have many advantages, generally 
ZHOO�WROHUDWHG�ZLWK�D�JRRG�DGYHUVH�HIIHFW�SUR¿OH�DQG�DUH�FRQYHQLHQW�
for patients. However, patients did experience bleeding events and 
WKH�PDQDJHPHQW�LV�FKDOOHQJLQJ�ZLWK�QR�VSHFL¿F�DQWLGRWH�FXUUHQWO\�
available.

REFERENCES:

1.  Dabigatran etexilate for the prevention of stroke and systemic 
HPEROLVP�LQ�DWULDO�¿EULOODWLRQ��/RQGRQ��1,&(������

2.  Rivaroxaban for the prevention of stroke and systemic embolism 
LQ�SHRSOH�ZLWK�DWULDO�¿EULOODWLRQ��/RQGRQ��1,&(������

3.  Rivaroxaban for the treatment of deep vein thrombosis and 
prevention of recurrent deep vein thrombosis and pulmonary 
embolism. London, NICE 2012.

132 patients
5LYDUR[DEDQ
�Q ���

Dabigatran
�Q ���

Number of patients 79 53
Indication for NOAC DVT
Proximal 10
Distal 6
Proximal and Distal 3
Unknown description 4
PE
Asymptomatic 2
Symptomatic 11
Unknown description 2
DVT and PE 7
Stroke
Secondary to new AF 4 1
Secondary to Paroxymal AF 2 7
Secondary to Persistent AF 7 10
Prophylaxis for new AF 3 6
Prophylaxis for Paroxymal AF 3 6
Prophylaxis for Persistent AF 15 23
$GYHUVH�(IIHFWV
Dyspepsia 1 3
Dizziness 0 0
Back Pain 1 0
Chest Pain 2 0
Fatigue 1 0
Diarrhoea 0 1
Arthralgia 1 0
%OHHGLQJ�(YHQWV
1RQ�0DMRU�%OHHGLQJ�(YHQW
Epistaxis 2 0
Haemoptysis 0 1
Uterine 0 0
Tooth Extraction 0 0
Haematuria 1 3
Ear 0 0
Skin 1 0
Gastrointestinal related 3 2
0DMRU�%OHHGLQJ�(YHQW
Decreased in Hamoglobin >4.0 g/dL 1 1
7UDQVIXVLRQ�RI����XQLWV�RI�UHG�EORRG�
cells within a 24 hour period

0 0

Requiring intervention e.g. 
HPEROLVDWLRQ��VXSHU¿FLDO�YDVFXODU�
repair, nasal packing

0 0

Intraspinal or intramusclar bleed wit 
compartment syndrome

0 0

Retroperitoneal, pericardial or 
intraocular bleed

0 0

Sex
Male 28 31
Female 51 22
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S-217.
VENOUS AIR EMBOLISM DURING ADVANCED 
ENDOSCOPIC PANCREATICO-BILIARY PROCEDURES 
(AEPBP): THE SOUND OF CATASTROPHE 

AUTHORS: M. D. Crutchley, M. Phillips, K. A. Jones, T. 
Nakayama

AFFILIATION: Anesthesiology, UAB, Birmingham, AL

INTRODUCTION: Exposure of vasculature to gas under pressure 
LV� WKH� VLQH� TXD� QRQ� RI� YHQRXV� DLU� HPEROLVP� �9$(��� 6SHFL¿F�
procedural events, historical features, and coexisting disease are risk 
factors for VAE.1-2 This preliminary report determined the incidence 
of VAE in patients undergoing low and high risk AEPBP.

METHODS: After IRB approval and informed consent, 528 
of a planned 1,000 patients undergoing AEPBP were monitored 
with precordial Doppler ultrasound (PDU) for evidence of VAE. 
Anesthetic management was at the discretion of the anesthesia care 
team. High risk procedures included sphincterotomy, use of metal 
stents, biopsy, necrosectomy and cholangioscopy. PDU sounds were 
GLJLWDOO\�UHFRUGHG�DQG�DQDO\]HG�UHWURVSHFWLYHO\�WR�FRQ¿UP�VXVSHFWHG�
VAE. Comparisons of the incidence of VAE between low and high 
risk procedures were made by Chi-squared analysis; a value of p < 
�����ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

RESULTS: Of the 528 patients studied, 346 and 182 had low and 
high risk procedures, respectively. No patients in the low risk group 
had VAE; whereas 3 patients in the high risk group (1.6%) had VAE 
(odds ratio 13.5, p = 0.086, 95% CI of 0.7-263). 

In case 1, a 24 year old male with necrotizing pancreatitis underwent 
necrosectomy under general anesthesia (GA). After stent removal 
and dilation of the transmural entrance, cyst contents were expressed 
LQWR�WKH�VWRPDFK��3'8�LQGLFDWHG�9$(��WKH�HQGRVFRSLVW�ZDV�QRWL¿HG��
and the procedure was aborted. A “mill-wheel” murmur evolved, 
followed by hypotension, hypoxemia and fall in EtCO2. Vital signs 
stabilized after supportive treatment and he was later extubated.

In case 2, a 36 year old female with cholangiocarcinoma underwent 
ERCP under GA due to a malpositioned metal biliary stent in the 
setting of cholangitis. During cannulation of the bile duct (7F 
plastic stent), PDU changes were detected and the EtCO2 declined 
to zero. Despite aborting the procedure and supportive treatment, 
she went into PEA arrest. Air was unsuccessfully aspirated from an 
indwelling central catheter. Spontaneous circulation and ventilation 
was restored after ACLS. The postoperative course was complicated 
by aspiration pneumonia and Takotsubo cardiomyopathy. She was 
discharged home 10 days later.

In case 3, a 72 year old female with recurrent acute pancreatitis 
presented for ERCP. Biliary sphincterotomy was performed under 
MAC anesthesia. VAE was detected by PDU. The endoscopist 
aborted the procedure and the patient remained asymptomatic.

DISCUSSION: Whereas the incidence of VAE in patients 
undergoing AEPBP is not fully known, there are a growing number 
of case reports describing severe morbidity and mortality from VAE 
in these patients. Our preliminary data suggest that VAE occurs most 
often in patients undergoing high-risk procedures at an incidence 
of 1.6% and can lead to profound cardiovascular instability and 
morbidity. Given the low cost and safety of PDU, it would seem 
reasonable to utilize this non-invasive device to monitor for VAE in 
all patients undergoing high risk AEPBP.

REFERENCES:

1. World J Gastrointest Endosc 2013; 5(8): 359-365

2. Gastrointest Endosc. 2009 70 (5): 1043-1045

S-218.
USING AN ADVERSE EVENT REPORTING TOOL TO 
ANALYSE THE SAFETY OF SEDATIONS BY NON-
ANESTHESIOLOGISTS

AUTHORS: E. Eggink, M. J. Gerritsen, S. Eberl, M. Hollmann, 
B. Preckel

AFFILIATION: Anesthesiology, Academic Medical Center 
Amsterdam, Amsterdam, Netherlands

INTRODUCTION: Propofol has a rapid onset and short effect 
of duration, but also a small therapeutic range associated with the 
risk of hemodynamic and respiratory side effects. Nevertheless, it is 
frequently used for deep sedation outside the operating room. In The 
1HWKHUODQGV��TXDOL¿HG�VHGDWLRQ�SUDFWLWLRQHUV��VSHFLDOL]HG�DQDHVWKHVLD�
nurses, non-physicians) perform moderate to deep sedation using 
propofol and opioids. Using the Adverse Event Reporting Tool 
(AERT) designed by the World Society of Intravenous Anesthesia 
(SIVA) Sedation Task Force1, we analyzed the safety and quality of 
these nurse-administered sedations.

METHODS: An Adverse Event Reporting Tool (AERT) was 
PRGL¿HG� WR� ORFDO� FLUFXPVWDQFHV�� DQG� ZDV� LQWURGXFHG� IRU� GHHS�
VHGDWLRQV��6HGDWLRQ�SUDFWLWLRQHUV�ZHUH�DVNHG�WR�¿OO�LQ�RQH�IRUP�IRU�
each deep sedation performed. Data of 1615 cases were collected 
GXULQJ�WKH�¿UVW�HLJKW�PRQWKV�RI�UHJLVWUDWLRQ��2FWREHU��VW��������0D\�
31st 2013), and 811 cases not involving an anesthesiologist at the 
scene were analysed for incidence of sedation related adverse events 
(e.g., drop or increase in heart rate or blood pressure ± 25% of 
baseline, airway obstruction, decline of oxygen saturation). Analysis 
whether an AERT was made for every sedation and whether these 
$(57�ZHUH� ¿OOHG� LQ� FRPSOHWHO\� DQG� FRUUHFWO\� ZDV� XVHG� WR� GUDZ�
conclusions about quality of registration.

RESULTS: One or more adverse events occurred in 26.6% of all 
sedations, with most frequently oxygen desaturation present. Event 
rates were higher in patients with higher ASA classes, although not 
VLJQL¿FDQWO\��$Q�DGYHUVH�RXWFRPH�ZDV�RQO\�GHWHUPLQHG�LQ�WZR�FDVHV�

An AERT was used in 92.4% of all sedations, however, only 48.1 
RI�DOO�$(57�ZHUH�¿OOHG�LQ�FRPSOHWHO\��$FFRUGLQJ�WR�WKH�HOHFWURQLF�
registration system, adverse events were reported correctly only on 
60.4% of all completed AERT.

CONCLUSION: 4XDOLW\� RI� UHJLVWUDWLRQ� LQ� WKH� ¿UVW� HLJKW�PRQWKV�
was poor and health professionals should keep in mind that proper 
evaluation of sedation quality can only be done when quality 
of registration is improved. Serious injury caused by sedation 
related adverse events was extremely rare, suggesting that deep 
sedations performed by sedation practitioners is safe under the local 
circumstances, although the number of non-serious adverse events 
shows that there is still room for quality improvement. Sedations 
in patients with higher ASA classes go along with higher com-
plications rates.

REFERENCES:

1. Mason KP, BJA 2012;108:13-20
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PRE-PRINTED SYRINGE LABEL PROJECT: A PILOT 
STUDY 

AUTHORS: B. Cho, K. B. Lee, R. Adsumelli

AFFILIATION: Department of Anesthesiology, Stony Brook 
Medicine, Stony Brook, NY

INTRODUCTION: Anesthesiologists are in a unique and 
challenging position of preparing their own medications, often 
in non-standard concentrations and volumes1. They must also 
frequently give hand-offs; medications used during a case are 
an essential part of this hand-off. Properly labeled syringes are 
important for patient safety and also a Joint Commission requirement. 
However, compliance is not always guaranteed. Improper labeling 
can lead to medication errors resulting in adverse outcomes as well 
as increased healthcare costs2. Existing system of syringe labeling at 
our institution consists of rolls of color coded3 adhesive tape which 
contain only the drug name. This requires providers to manually 
write the drug concentration, provider initials, date and time. 
Moreover, the choice of labels is limited requiring the use of blank/
white adhesive tape for many medications. With approval from 
our departmental Quality Improvement Committee, we developed 
pre-printed syringe labels customized for each resident in order to 
improve the process. We also wanted to obtain feedback from the 
residents who were willing to use the new syringe labeling system.

METHODS: A standardized template of pre-printed syringe labels 
(with drug name/concentration, initials, date/time) was created 
using Microsoft Excel and a macros was developed which allowed 
quick printing of customized labels for each resident interested in 
the project. The labels were printed one day prior to its intended 
use and were available for pick up at the operating room pharmacy 
window on the morning of its intended use. The pilot study was 
conducted from 9/2/2013 to 10/4/2013. Pre-project and post-project 
surveys were also distributed to gather data.

RESULTS:

-  22 residents and 15 residents participated in the pre- and post- 
project survey, respectively

-  100% of residents reported medication syringe labeling is 
important for patient safety

-  32% of residents reported they always label medication syringes

-  85% of residents preferred pre-printed syringe labels over 
existing labels

-  78% of residents reported pre-printed syringe labels decrease 
turnover time compared to existing labels

-5  3% of residents reported that the pre-printed syringe labels did 
not stick well enough

-  100% of residents reported pre-printed syringe labels should be 
permanently implemented

CONCLUSIONS:

1.  There was an overwhelmingly favorable response toward the 
pre-printed syringe labels, largely due to its convenience and the 
HI¿FLHQF\�LW�SURYLGHV

2.  The biggest complaint with the pre-printed syringe labels was that 
it did not stick well enough to the syringes. As a result, a different 
label sheet with improved adhesive was used which eliminated 
the problem.

����7KLV� QHZ� V\VWHP� RI� ODEHOLQJ� RIIHUV� ÀH[LELOLW\� DQG� H[SDQGHG�
options for various medications. More importantly, these labels 
greatly improve legibility of medication information. Our 
department is in the process of expanding its use.

REFERENCES:

1.  American Journal of Health-system Pharmacy, 70(2), 137-142, 
2013

2. International Anesthesiology Clinics, 51(1), 1-12, 2013

3. British Journal of Anesthesia, 110(6), 1056-1058, 2013
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S-220.
EVALUATION OF RISK FACTORS FOR ARYTENOID 
DISLOCATION AFTER ENDOTRACHEAL INTUBATION A 
RETROSPECTIVE CASE-CONTROL STUDY

AUTHORS: L. Shen, X. Yu, X. Zhang, Y. Huang

AFFILIATION: Department of Anesthesiology, Peking Union 
Medical College Hospital, Beijing, China

INTRODUCTION: Arytenoid dislocation is a rare clinical entity. 
Common presenting symptoms include hoarseness, breathy voice, 
and dysphagia. The etiology is most commonly intubation, direct 
laryngoscopy, or blunt laryngeal trauma, while it has also been 
reported to be caused by laryngeal mask airway use and esophageal 
probe placement1�� )HZ� VWXGLHV� KDYH� VKRZHG� VRPH� GH¿QLWH� RU�
possible confounding factors correlated with arytenoid dislocation. 
This matched case-control study investigated the relation between 
anesthesia procedures and arytenoid dislocation, taking into account 
possible confounders, such as patients’ demographic characteristics, 
preoperative conditions and surgical procedures.

METHODS: To evaluate potential risk factors for postoperative 
arytenoid dislocation, we used a case-control strategy. For each case 
of postoperative arytenoid dislocation, one patient matched for date 
of procedure and type of procedures was chosen as the control. From 
Sep, 2003 to Aug, 2013, altogether sixteen patients with a history 
of postoperative arytenoid dislocation were recruited. Medical 
records for all patients and controls were reviewed. Recorded 
for all patients were demographics, smoking status, alcoholic 
status, preoperative physical status, airway evaluation, intubation 
procedures, preoperative laboratory values, anesthetic consumption 

Demographics of Arytenoid Dislocation Cases vs Controls

Variable Cases(n = 16) Controls(n = 16) PValue

Age 51.69±19.84 58.63±9.01 0.217

GenderFemaleMale 8 (50.00%)8 (50.00%) 6 (37.50%)10 (62.50%) 0.483

Height (cm) 164.75±7.21 167.75±6.40 0.223

Body weight (kg) 61.34±11.84 69.00±12.93 0.091

BMI (kg/m2) 22.53±3.65 24.38±3.51 0.155

Smoking 
statusSmokerNon-
smoker

0 (0.00%)16 (100.00%) 5 (31.25%)11 (68.75%) 0.017

Alcoholic 
statusDrinkerNon-
drinker

1 (6.25%)15 (93.75%) 2 (12.50%)14 (87.50%) 0.551

ASA gradeI-IIIII-IV 12 (75.00%)4 (25.00%) 12 (75.00%)4 (25.00%) 1

NYHA gradeIIIIII 13 (81.25%)1 (6.25%)2 
(12.50%)

7 (43.75%)9 (56.25%)0 
(0.00%)

0.084

and intensive care unit (ICU) stay. For arytenoid dislocation cases, 
we further recorded the left vs right arytenoid dislocation and 
surgical repair vs conservative treatment.

Categorical variables were compared using the Chi-squared test and 
continuous variables were compared using the Student unpaired 
t-test. To determine the predictors of arytenoid dislocation, a Binary 
logistic regression model was used for multivariable analysis. 
All reported p-values were two-sided, and p-values <0.05 were 
FRQVLGHUHG�WR�LQGLFDWH�VWDWLVWLFDO�VLJQL¿FDQFH�

RESULTS: We included sixteen patients of postoperative arytenoid 
dislocation (eight women and eight men) with a median age of 52 
years; ten patients (62.50%) were left side arytenoid dislocation 
and six (37.50%) were right (Table 1, Table 2). Most postoperative 
DU\WHQRLG� GLVORFDWLRQ� SDWLHQWV� �¿IWHHQ�� �������� UHFHLYHG� VXUJLFDO�
repair, except one patient recovered after conservative treatment. 
Interestingly, when compared arytenoid dislocation cases with 
controls, none of postoperative arytenoid dislocation patients were 
VPRNHUV��ZLWK�¿YH�VPRNHUV� LQ�FRQWURO�JURXS� �S ������� �7DEOH�����
Red blood cell (p=0.044) and hemoglobin (p=0.031) levels were 
VLJQL¿FDQWO\�ORZHU�DPRQJ�DU\WHQRLG�GLVORFDWLRQ�FDVHV�WKDQ�FRQWURO�
patients (Table 3). Either intubation procedure or ICU stay had no 
LQÀXHQFH�RQ�WKH�PRUELGLW\�RI�SRVWRSHUDWLYH�DU\WHQRLG�GLVORFDWLRQ�

CONCLUSIONS: Non-smoking and anemic patients may be 
susceptible to postoperative arytenoid dislocation. However, neither 
of them was the independent risk factor for postoperative arytenoid 
dislocation.

REFERENCES:

1. Br J Anaesth. 2009; 103(3): 452-5.
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Surgical and anesthesia procedures of Arytenoid Dislocation Cases vs Controls

Variable Cases(n = 16) Controls(n = 16) PValue

Surgical proceduresAbdominal 
or general 
surgeryNeurosurgeryOrthopedics 
surgeryCardiovascular surgery

11 (68.75%)1 (6.25%)1 
(6.25%)3 (18.75%)

11 (68.75%)1 (6.25%)1 
(6.25%)3 (18.75%)

1

Mallampatti gradeI-IIIII-IV 15 (93.75%)1 (6.25%) 16 (100.00%)0 (0.00%) 0.317

,QWXEDWLRQ�WLPHV2QFH���WLPHV 13 (81.25%)3 (18.75%) 15 (93.75%)1 (6.25%) 0.293

Intubation styletWithWithout 11 (68.75%)5 (31.25%) 8 (50.00%)8 (50.00%) 0.288

Postoperative ICU stayYesNo 5 (31.25%)11 (68.75%) 5 (31.25%)11 (68.75%) 1

Arytenoid dislocation 
sideLeftRightBoth

10 (62.50%)6 (37.50%)0 
(0.00%)

N/AN/AN/A N/A

Arytenoid dislocation 
treatmentSurgical 
repairConservative treatment

15 (93.75%)1 (6.25%) N/AN/A N/A

Laboratory Data of Arytenoid Dislocation Cases vs Controls

Variable Cases(n = 16) Controls(n = 16) PValue

Red blood cell (×10E12/L) 3.80±0.76 4.30±0.51 0.044

White blood cell (×10E9/L) 8.17±3.11 7.41±2.41 0.447

Hemoglobin (G/L) 114.38±22.27 129.44±14.71 0.031

Platelet (×10E9/L) 217.00±90.52 232.50±78.36 0.608

Albumin (G/L) 35.69±4.99 37.63±5.93 0.325

Alanine aminotransferase (U/L) 18.71±10.34 28.88±25.55 0.176

Prothrombin time (sec) 13.66±4.58 12.22±1.56 0.244

activated partial thromboplastin 
time (sec)

32.82±13.96 28.63±8.77 0.317

S-220 • continued
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S-221.
KEEP UP OR ELSE! NATIONWIDE TRENDS IN SCIP 
PERFORMANCE FROM 2008 TO 2012

AUTHORS: L. Sun, A. Tung, D. Glick

AFFILIATION: Department of Anesthesia & Critical Care, 
University of Chicago, Chicago, IL

INTRODUCTION: The Surgical Care Improvement Project 
(SCIP) is a national quality initiative dedicated to reducing the rate 
of surgical complications. The program consists of process of care 
measures intended to decrease the risk of undesired postoperative 
outcomes1-3. Hospital reporting of performance on these measures is 
linked to reimbursement from the Centers for Medicare & Medicaid 
Services. The purpose of this study was to examine the trend of 
nationwide performance on 6 SCIP core measures over the past 5 
years (2008-2012) among hospitals performing heart valve surgery. 
The included measures have been reported annually over this 5 year 
period and are related to the prevention of postoperative infection 
and venous thromboembolism (VTE).

METHODS: Publicly available data was accessed from the Hospital 
Compare website for U.S. hospitals who reported performance 
on core SCIP measures in each year from 2008-2012. The 6 
SCIP core measures included in this study were: INF-1 (received 
prophylactic antibiotics within 1 hour prior to surgical incision), 
INF-2 (received appropriate prophylactic antibiotics), INF-3 
(prophylactic antibiotics were discontinued within 24 hours after 
surgery end time), INF-4 (cardiac surgery patients with controlled 6 
AM postoperative blood glucose level), VTE-1 (treatment ordered 
to prevent VTE), and VTE-2 (treatment received to prevent VTE 
within 24 hours before or after surgery). The included 6 core 

measures were selected because they were consistently reported in 
every year during this period. Only hospitals performing heart valve 
surgery were included in this analysis (N=726 in 2008, N=600 in 
2009, N=527 in 2010, N=525 in 2011, N=568 in 2012). The average 
performances for individual measures and all measures in aggregate 
were calculated for each year.

RESULTS: Over the last 5 years, the average nationwide 
performances for each of the individual SCIP measures and for all 6 
measures in aggregate have improved annually (see Figure 1). The 
overall average adherence rate for all included measures increased 
from 91.02% in 2008 to 97.97% in 2012 among all hospitals 
performing heart valve surgeries.

CONCLUSIONS: Adherence rates have improved annually from 
2008-2012 for all 6 SCIP core measures that were consistently 
reported during this time period by hospitals performing heart valve 
VXUJHU\��7KLV�¿QGLQJ�LQGLFDWHV�WKDW�KRVSLWDOV�ZLOO�QHHG�WR�FRQWLQXDOO\�
improve their compliance to SCIP measures in order to maintain their 
performance relative to other hospitals in the country. In addition, 
the progressive decline in the number of hospitals performing heart 
valve surgery who reported SCIP measure performance over this 
time period may indicate the presence of survivor bias, in which the 
overall average performance has risen secondary to low performers 
being culled from the herd. Future work could include looking for a 
similar pattern with other surgical procedures.

REFERENCES:

1. Chest 2012; 141:7S-47S

2. Clin Infect Dis 2004; 38(12):1706-15

3. Surgery 1964; 56:151-7
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RISK FACTORS ASSOCIATED WITH SEVERE ARTERIAL 
LINE COMPLICATIONS

AUTHORS: G. A. Nuttall, D. J. Kor

AFFILIATION: Anesthesiology, Mayo Clinic, Rochester, MN

INTRODUCTION AND GENERAL PURPOSE OF THE 
STUDY: Complications associated with arterial cannulation 
include; temporary vascular occlusion, thrombosis, ischemia, 
hematoma formation, local and catheter related infection and 
sepsis.1-3�7KH�JRDO�RI�RXU�VWXG\�ZDV�WR�GH¿QH�WKH�HSLGHPLRORJ\�RI�
these complications in a large surgical cohort.

METHODS: All patients requiring arterial line placement with 
documentation available in the Charts+ data system at Mayo Clinic 
in Rochester, MN were included in this retrospective study between 
January 1, 2006 and December 31, 2012. The timeframe of data 
collection began at the time of arterial line insertion and ended at 
30 days post line removal. Following IRB approval, we utilized 
our innovative informatics resources to identify all patients with an 
arterial catheter placed in the operating room environment during 
the study interval. We than queried our validated databases for 
documented vascular and/or neurologic consults. We also evaluated 
for returns to surgery within 30 days of catheter placement in order 
to identify potential catheter-associated complications.

RESULTS: A total of 62,626 arterial lines were placed in 57,787 
patients. The vast majority, 90.1%, of the catheters placed were 
20 gauge catheters. The radial artery was cannulated in 94.5% 
of patients. The majority of femoral catheters were either 15 cm 
5 french catheters, 44.7%, or 10 cm 18 gauge catheters, 44.8%. A 
WRWDO�RI����SDWLHQWV�ZHUH�LGHQWL¿HG�DV�KDYLQJ�H[SHULHQFHG�YDVFXODU�
complications or nerve injuries. Complication rate 3.4/10,000 
(95% C.I. = 2.1, 5.1). Cardiac surgery had the largest number of 
catheters placed, n = 15,419 with 12 complications. Complication 
rate 7.8/10,000 (95% C.I. = 4.0, 13.6). General surgery had a 
similar number of catheters placed, n= 14,961 with 4 complications. 
Complication rate 2.7/10,000 (95% C.I = .0.7, 6.8). Female gender 
(p=0.46) and preoperative use clopidogrel (p = 0.033) were 
associated with increased risk of catheter-associated complications.

CONCLUSIONS: In this large observational study, we 
characterized the rate of arterial catheter-related complications in 
a heterogenous surgical population. Further, we found that female 
gender and preoperative use of Plavix were associated with greater 
risk of arterial line complications.

REFERENCES:

1.  Brzezinski M, Luisetti T, London MJ: Radial artery cannulation: 
a comprehensive review of recent anatomic and physiologic 
investigations. Anesthesia and Analgesia 2009; 109: 1763-81

2.  Scheer B, Perel A, Pfeiffer UJ: Clinical review: complications 
and risk factors of peripheral arterial catheters used for 
haemodynamic monitoring in anaesthesia and intensive care 
medicine. Critical care 2002; 6: 199-204

3.  Schindler E, Kowald B, Suess H, Niehaus-Borquez B, Tausch 
B, Brecher A: Catheterization of the radial or brachial artery in 
neonates and infants. Paediatric Anaesthesia 2005; 15: 677-82

S-223.
ACCURACY OF MALIGNANT HYPERTHERMIA 
DIAGNOSES IN HOSPITAL DISCHARGE RECORDS

AUTHORS: T. Pinyavat1, H. Rosenberg2, B. Lang1, C. Wong3, S. 
Riazi4, L. S. Sun1, G. Li1

AFFILIATION: 1Anesthesiology, Columbia University, New 
York, NY, 2Medical Education and Clinical Research, Saint 
Barnabas Medical Center, Livingston, NJ, 3Anesthesiology, 
Northwestern University, Chicago, IL, 4Anesthesiology, Toronto 
General Hospital, Toronto, ON, Canada

BACKGROUND: ,Q� ������ WKH� ,QWHUQDWLRQDO� &ODVVL¿FDWLRQ� RI�
'LVHDVHV�� �WK� 5HYLVLRQ� &OLQLFDO� 0RGL¿FDWLRQ� �,&'��&0�� FRGLQJ�
system introduced the code for malignant hyperthermia (MH) 
(995.86). The aim of this study was to estimate the accuracy of 
coding for MH in hospital discharge records.

METHODS: An expert panel of anesthesiologists reviewed 
medical records for patients with a discharge diagnosis of MH based 
on ICD-9 or ICD-10 codes from January 1, 2006 to December 31, 
2008 at six tertiary care medical centers in North America. All cases 
were categorized as possible, probable, or fulminant MH, history of 
MH (family or personal) or other.

RESULTS: A total of 47 medical records were reviewed. The 
mean age was 40 years and 49% were male. A surgical procedure 
and general anesthesia were documented in 68% and 23.4% had a 
possible, probable, or fulminant MH event. Dantrolene was given 
in 81% of MH cases. All patients judged to have an incident MH 
event survived to discharge. Family and personal history of MH 
accounted for 46.8% of cases. High fever without evidence of MH 
during admission accounted for 23.4%, and in 6.4% cases there was 
an unclear reason for coding.

CONCLUSIONS: About 70% of ICD-9 or ICD-10 coded MH 
diagnoses in hospital discharge records refer to incident MH 
episodes or MH susceptibility. Additional information such 
as surgical procedure, anesthesia billing data, and dantrolene 
administration may aid in identifying incident MH cases in 
administrative databases.
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S-224.
TSE “MASK” IMPROVES OXYGENATION AND 
DECREASES SEVERE DESATURATION IN PROPOFOL-
SEDATED PATIENTS DURING ERCP

AUTHORS: J. Tse, S. Barsoum, T. Mehta, S. Shah, A. Doucette, 
G. Casini, S. Cohen

AFFILIATION: Anesthesiology, Rutgers-Robert Wood Johnson 
Medical School, New Brunswick, NJ

INTRODUCTION: Patients undergoing endoscopic retrograde 
cholangiopancreatography (ERCP) often receive IV sedation and 
nasal cannula (NC) O2. NC O2 reservoir is lost when the mouth 
is kept open with a bite-block. Over-sedation and/or airway 
obstruction may cause severe desaturation (Desat) and require 
assisted ventilation and oxygenation. A simple plastic sheet has been 
shown to improve oxygenation by transforming an ineffective NC 
to an effective face tent (TSE “Mask”) in deeply sedated patients 
during upper GI endoscopy in a prospective study1. We have used 
WKLV� WHFKQLTXH� LQ� WKH� (QGRVFRS\� 6XLWH� DQG� ZLVK� WR� FRQ¿UP� LWV�
effectiveness in improving oxygenation in propofol-sedated patients 
during ERCP.

METHODS: This retrospective review of 90 patients who 
XQGHUZHQW� (5&3� LGHQWL¿HG� �� JURXSV�� 1&� �Q ��� UHFHLYHG� RQO\�
NC O2. TM (n=83) received NC O2 and a TSE “Mask” using a 
clean, clear plastic sheet to cover patient’s eyes, nose and mouth 
as previously described (Photo)1-3.Standard ASA monitors were 
applied including capnography. All procedures were performed 
with the patients in left lateral decubitus position. Patients received 
NC O2 (3-5 L/min or higher as needed) and only IV propofol for 
sedation. Student t-test and Chi Square test were used for analysis. 
$�S�YDOXH�������ZDV�FRQVLGHUHG�DV�VLJQL¿FDQW��'DWD�DUH�SUHVHQWHG�
as Mean±S.D.

RESULTS: There were no differences in age (NC: 68±17 yrs; TM: 
56±15), Body Mass Index (NC: 28±5 kg/m2; TM: 26±6), ASA 
Physical Status (NC: 2.3±0.5; TM: 2.3±0.6), baseline O2 saturation 
(Sat) (NC: 96±3%; TM: 97±2%), overall propofol dosage (NC: 
196±43 mcg/kg/min; TM: 193±61) and procedure duration (NC: 
������PLQ��70����������7KHUH�ZHUH�VLJQL¿FDQW�GLIIHUHQFHV�LQ�WKH�
highest NC O2�ÀRZ��1&����������/�PLQ��70�����������S���������
FiO2 (NC: 0.27±0.06; TM: 0.57±0.16, p<0.0002), O2 Sat after 5 
min pre-oxygenation (NC: 98±2%; TM: 100±1%, p<0.003), the 
lowest O2 Sat (NC: 87±7%; TM: 98±3%, p<0.0001) (Fig. 1), severe 
Desat (O2 Sat<85%) (NC: 5/7; TM: 0/83, p<0.001) (Fig. 2) and 
assisted bag-mask ventilation (NC: 1/7; TM: 0/83, p<0.001). Five 
NC patients had severe Desat (O2 Sat: 83±1%). One of these NC 
patient received assisted bag-mask ventilation. Four others’ NCs 
were converted to TMs and their O2 Sat was improved from 83±2% 
to 97±4%, 99±2% and 99±2% at 5 min intervals (p<0.0001).

CONCLUSION: These data show that this simple face tent 
improves oxygenation and reduces severe desaturation and the need 
for bag-mask ventilation in patients under deep propofol sedation 
during ERCP. It increases O2 delivery without raising NCO2�ÀRZ��
When ERCP is performed under monitored anesthesia care in our 
Endoscopy Suite, it is usually done with this simple face tent. 
Although it can also be used as a rescue device when patient’s 
oxygenation deteriorates, this face tent should be routinely used 
prior to sedation during ERCP. It takes only a few seconds to 
prepare and may improve patient safety at no extra cost.

REFERENCES:

1. Anesth 107:A922, 2007;

2. Anesth 102:484, 2005;

3. www.TSEMask.com

www.TSEMask.com
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EXTINGUISHING THE FLAMES OF HARM: CHANGING 
THE STAFFING MODULE 

AUTHORS: B. G. Fahy1, D. Gravenstein1, D. W. Mozingo2, 
J. Gallagher1, S. E. Ford1, F. K. Enneking1, W. T. Richards3

AFFILIATION: 1Anesthesiology, University of Florida, 
Gainesville, FL, 2Surgery, University of Florida, Gainesville, FL, 
3University of Florida, Gainesville, FL

INTRODUCTION: The care of burn patients, especially those 
with critical illness, can be challenging in the operating room as well 
as the Intensive Care Unit (ICU). To optimize perioperative care of 
WKLV�VSHFL¿F�SDWLHQW�SRSXODWLRQ��D�QHZ�VWDI¿QJ�PRGHO�ZDV�LQVWLWXWHG�
DQG�WKH�LPSDFW�RI�WKLV�VWDI¿QJ�PRGHO�H[DPLQHG�

METHODS: A new model was instituted in which in the burn 
operating room and intensive care unit in which a core group of 
critical care anesthesiologists and anesthesiology residents provided 
anesthesia services for the burn operating room as well as the 
intensive care unit. This dedicated team provided anesthesiology 
services to the burn OR as well as critical care services for the burn 
intensive care unit. The anesthesiology residents rotated in 2 week 
blocks dedicated every day to this area during that time. This replaced 
the previous model, which involved general anesthesiologists and 
other anesthesiology providers including anesthesiology residents, 
FHUWL¿HG�UHJLVWHUHG�QXUVH�DQHVWKHWLVWV��DQG�DQHVWKHVLRORJ\�DVVLVWDQWV�
provided anesthesia services to the burn operating room. In this 
previous model, separate group of critical care anesthesiologists 
provided intensive care unit patient care that were different than 
the Burn OR anesthesiologist. The surgeons providing care for 
the majority of these patients remained unchanged. To assess the 
impact of this model, the number of patient safety reports (PSR) 
was examined for the burn operating and burn ICU. A 12 month 
time period before implementation (Jan 1-Dec 31, 2010) of the 
new model was compared to a 12 month time period following 
implementation (Jan 1-Dec 31, 2012). The new model involved a 
small number of attending critical care anesthesiologists providing 
care.

RESULTS: A total of 534 burn operative cases were performed for 
the 12 month period of 2010 compared to a total of 438 following 
LPSOHPHQWDWLRQ� RI� WKH� QHZ� VWDI¿QJ� PRGHO�� 7KH� WRWDO� QXPEHU� RI�
PSR events for the OR was 116 in 2010 compared to 63 in 2012. 
,Q� DGGLWLRQ� 365V� ¿OHG� IRU� WUHDWPHQW�� WHVW�� RU� SURFHGXUH� YDULDQFHV�
decreased from 32 in 2010 to 10 in 2012.

DISCUSSION:� 7KH� QHZ� VWDI¿QJ� PRGHO� DV� H[DPLQHG� E\� 365�
shows an improvement in quality following its implementation. 
In this critically ill patient population, the small number of 
faculty providers improved care of these patients probably for 
several reasons. These attending providers had often provided 
ICU consultation for these patients on admission and thus were 
familiar with the patients who were critically ill. For patients who 
required numerous procedures the knowledge of having previously 
performed anesthetic management may have led to improved care 
however further analysis would be required.

CONCLUSIONS: The new model resulted in fewer major adverse 
HYHQWV�VSHFL¿FDOO\�LQ�WKH�FULWLFDOO\�LOO�EXUQ�SDWLHQWV�LQWUD�RSHUDWLYHO\�
and for treatment, test, or procedural variances. This may have 
resulted from the additional background from the ICU care of these 
patients. This new model has anecdotally resulted in an increase in 
satisfaction for the burn surgeons and the critical care nurses in the 
Burn ICU (Figure 2).

Figure 1

Figure 2
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TEAMSTEPPS IMPLEMENTATION IN CRITICAL CARE: 
A MULTIDISCIPLINARY AND MULTIPROFESSIONAL 
APPROACH

AUTHORS: P. G. Boysen, F. Winterbottom, T. Northern

AFFILIATION:Anesthesiology, Ochsner Clinic Foundation, New 
Orleans, LA

INTRODUCTION:TeamSTEPPS is an evidence based curriculum 
designed by Agency for Healthcare Research & Quality (AHRQ) 
and the Department of Defense (DoD) to provide strategies and 
tools to improve patient safety and team based care. The program 
aims to improve knowledge, skills, and attitudes of all providers, by 
presenting four modules, 1) leadership, 2) mutual support, 3) situation 
monitoring, 4) communication. We present our implementation 
approach and methodology using a metric developed by AHRQ and 
published on their website. (www.ahrq.org)

METHODS: We presented the TeamSTEPPS curriculum to 290 
providers in 9 sessions, 4 hours duration. Prior to the sessions 
participants completed the Team Attitudinal Questionairre (T-TAC). 
Post course work, 145 rendomly selected participants were asked 
to again complete the T-TAC survey. We abstracted seven domains 
of particular interest to our organization for analysis. Participants 
included physicians, nurses, medical students and residents, RT, PT, 
OT, palliative care, eICU pesonnel, and administrative personnel

T-TAC Pre and Post Curricular Intervention: +/-10%

Overall perception of patient safety 40% 30-50% 94% 84-100%

Non-punitive responses to error 45% 35-55% 77% 67-87%

Leadership promotes pt safety 35% 25-45% 85% 75-95%

Feedback/communication re:error 49% 39-59% 83% 73-93%

Teamwork across units 53 43-63% 92% 82-100%

Hand-offs and transitions of care 23% 13-33% 74% 64-84%

Corganizationa learning, continuous improvement 51% 41-61% 84% 74-94%

RESULTS: 92 participants provided before and after T-TAC 
surveys for a response rate >70%. For purposes of analysis we 
adopted a yes/no binary methodology from the Likert scale (agree, 
strongly agree = yes, all other responses = no). The standard error 
IRU�UHVSRQGHUV���������������FRQ¿GHQFH�OHYHO��5HVSRQVHV�IRU�WKH���
domains were compared.showing no overlap for +/- 1 SE.

CONCLUSION: With substantial support from the Executive 
Oversight Committee, this curriculum was conceived and delivered 
by 5 TeamSTEPPS Master Trainers; 4 within the department of 
anesthesiology ( 2 staff physicians, 1 resident physician, 1 CRNA) 
and 1 critical care nurse specialist. Currently RVU accumulation 
dominates physician activities, but physician leadership is critical 
to success. Our model is based on 3 principles: 1. EVERYONE is a 
provider, 2. dedicated time is necessary to show leadership support, 
3. employees must be off site and “on the clock”. We generated a 
“short term win”. 1 and expanded our efforts to include all resident 
physicians 2 and medical students.

REFERENCES:

1) www.kotterinternational.com

2.) Health Affairs 29: 1600-1604, 2010

www.ahrq.org
www.kotterinternational.com
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ULTRASOUND GUIDED CVC TIP POSITIONING AND LUNG 
ULTRASOUND COMPARED WITH CHEST RADIOGRAPH

AUTHORS: S. Kim

AFFILIATION: Anesthesiology, University of Bonn, Bonn, 
Germany

INTRODUCTION: Ultrasound-guided central venous catheter 
(CVC) placement has been shown to be safer than the landmark 
technique.1 Penetration depth of common linear ultrasound probes 
limits the visualization of the intravenous guidewire. Thus, correct 
position of the CVC tip in the distal superior vena cava (SVC) 
DQG� H[FOXVLRQ� RI� SQHXPRWKRUD[� KDYH� WR� EH� FRQ¿UPHG�ZLWK� FKHVW�
radiograph exposing patients to radiation. We hypothesize that CVC 
tip positioning and exclusion of pneumothorax can be performed 
with ultrasound.

METHODS: This observational study was approved by the IRB 
and abides the Declaration of Helsinki. Following written informed 
consent, perioperative patients scheduled for elective surgery and 
patients with an indication for a CVC for therapeutic infusion 
were included. Venopuncture was performed under ultrasound-
guidance with a microconvex probe placed in short-axis view of 
the vein (Internal jugular vein, Subclavian vein). Guide wire was 
introduced into the vein and advanced to the distal SVC following 
visualization of the SVC and crossing of the right pulmonary artery. 
Insertion depth was read from the markings of the guidewire and 
CVC was placed after venodilation. In patients with a p-wave sinus 
rhythm, intracardiac ECG was used for additional insertion depth 
FRQ¿UPDWLRQ��$IWHU�VXUJHU\�DQG�H[WXEDWLRQ�RU�VROH�&9&�SODFHPHQW��
respectively, bedside lung ultrasound with B-Mode for lung sliding 
and M-Mode for seashore sign were performed in the postanesthesia 
care unit to exclude pneumothorax. Radiology technicians were 
called immediately after arrival of the patient in the postanesthesia 
care unit or after completion of CVC placement, respectively. Chest 
radiograph in supine position was performed following standard 
hospital protocol and reviewed by consultant radiologists who were 
unaware of the study.

RESULTS: No complications occurred including arterial puncture, 
pneumo- or hemothorax, cardiac tamponade, cardiac arrhythmias or 
misplaced CVC. Mean time from ultrasound prescan to guidewire 
¿QDO�SRVLWLRQ�ZDV����PLQ����V�����PLQ����V�VWDQGDUG�GHYLDWLRQ��Q�
= 9). Bedside lung ultrasound was performed within a median of 
220 s (interquartile range = 147 - 242 s) whereas chest radiograph 
was delayed by a median of 82 min (interquartile range = 36.5 - 
324 min; n = 9). Lung sliding and seashore sign were detected in 
all bilateral chest quadrants in each patient. Bland-Altman analysis 
showed a difference between the means of -0.5 cm for ultrasound 
versus intracardiac ECG (95% limit of agreement - 3.8 - 2.7 cm).

CONCLUSION: CVC placement and tip positioning is safe using 
a microconvex probe. Chest radiograph is redundant if an additional 
lung ultrasound to exclude pneumothorax is performed. Exposure to 
radiation, patient discomfort and costs can be limited to a minimum.

REFERENCES:

1. Troianos et al. Anesth Analg, 114(1), 46-72, 2012
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IN VIVO IMMUNE PRIMING TO REDUCE BACTERIAL 
LOAD IN A MOUSE MODEL OF SURGICAL SITE INFECTION

AUTHORS: M. Yeager1, P. Guyre2, P. Pioli2, R. Strawbridge3

AFFILIATION:1Anesthesiology, Dartmouth Hitchcock Medical 
Center, Lebanon, NH, 2Physiology, Geisel School of Medicine at 
Dartmouth, Lebanon, NH, 3Surgery, Geisel School of Medicine at 
Dartmouth, Lebanon, NH

INTRODUCTION: Surgical site infections (SSI) remain a 
VLJQL¿FDQW� FOLQLFDO� SUREOHP� WKDW� DIIHFW� ����� RI� VXUJLFDO� SDWLHQWV�
with substantial associated morbidity1. There are currently no 
widely available non-toxic techniques to enhance host resistance to 
the bacteria that contaminate almost all wounds and that, when not 
eliminated, are the cause of SSIs. We applied the emerging concept 
of glucocorticoid (GC) priming of the innate immune system2 to 
test the hypothesis that enhancement of innate immune responses 
to bacterial pathogens would reduce the bacterial load in an LQ�YLYR�
PRGHO�RI�66,�GXULQJ�WKH�FULWLFDO�¿UVW����KRXUV�DIWHU�VXUJHU\�

METHODS: Male C57/Bl6 mice were inoculated on Day 1 with a 
single subcutaneous injection of the rodent GC, corticosterone, at a 
dose of 5mg/kg (total volume 25ul) or vehicle. On Day 2 animals were 
DQHVWKHWL]HG�ZLWK�LVRÀXUDQH�DQG�D��FP�IXOO�WKLFNQHVV�VNLQ�LQFLVLRQ�
was made in the nape of the neck into the subcutaneous tissue. With 
the wound open, 1x107 colony-forming units of a bioluminescent 
Staphylococcus aureus (strain SH1000 [3]) in a volume of 5ul were 
injected into the subcutaneous tissue. Three injections were made 
through the open wound on either side of the incision and into the 
base of the wound. The wound was closed with a single mattress 
suture. Wounds were subsequently imaged for bioluminescence 
using a commercially available device (Xenogen IVIS; Caliper Life 
Sciences, Hopkinton, MA) at 8, 24, 48 and 72 hours after surgery. 
Results: The measured bioluminescence has been shown to 
accurately represent bacterial burden LQ�YLYR3. Bioluminescence was 
readily observed at all time points and was declining at 72 hours 
in all animals. No animals had overt evidence of wound infection 
or abscess formation. At 8 and 24 hours after bacterial inoculation, 
bioluminescence (photons/sec/CM2�� ZDV� VLJQL¿FDQWO\� �S�������
reduced in animals that had been pretreated with corticosterone 
((Figure 1).

CONCLUSIONS: Previous work has shown that transient exposure 
to stress-associated concentration of GCs can robustly enhance 
innate immune responses to both Gram+ and Gram- bacteria, 
probably through a toll-like receptor mediated mechanism4. The 
results presented here are consistent with this LQ�YLYR priming effect 
of GCs on innate immune responses to bacterial contamination. 
)XUWKHUPRUH��WKH�HIIHFW�LV�REVHUYHG�GXULQJ�WKH�FULWLFDO�¿UVW����KRXUV�
after bacterial inoculation when surgical wound infections are most 
likely to evolve into a SSI.

REFERENCES:

1) Am J Infect Control 32;460-85, 2004

2) Trends Endocrinol Metabol 24:109-19, 2013

3) J Invest Derm 131;907-15, 2011.

4) Brain Behav Immun 24;19-30, 2010.
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S-229.
IS NO-COST TSE “MASK” MORE EFFICIENT THAN 
HIGH NASAL CANNULA OXYGEN FLOW IN REDUCING 
SEVERE DESATURATION IN PATIENTS UNDER DEEP 
PRPOFOL SEDATION DURING VARIOUS MINOR 
SURGICAL PROCEDURES?

AUTHORS: S. Barsoum, C. Kloepping, S. Cohen, T. Mehta,  
S. Shah, J. Kim, J. Tse

AFFILIATION: Anesthesiology, Rutgers-Robert Wood Johnson 
Medical School, New Brunswick, NJ

INTRODUCTION: Patients under monitored anesthesia care 
(MAC) routinely receive intravenous (IV) sedation and nasal 
cannula (NC) O2� DW� D�ÀRZ� UDWH� RI� ����/�PLQ��2YHU�VHGDWLRQ� DQG�
or airway obstruction may cause respiratory depression and severe 
desaturation (Desat). Raising NC O2�ÀRZ�LQ�DQ�DWWHPSW�WR�LPSURYH�
R[\JHQDWLRQ�PD\�LQFUHDVH�WKH�ULVN�RI�¿UH�KD]DUG��HVSHFLDOO\�GXULQJ�
upper body procedures. A simple plastic sheet was shown to 
improve oxygenation without raising NC O2�ÀRZ�E\�WUDQVIRUPLQJ�
an ineffective NC to a face tent (TSE “Mask”) in deeply sedated 
patients1-3. We compared it with high NC O2�ÀRZ�LQ�UHGXFLQJ�VHYHUH�
Desat in patients under MAC.

METHODS: Retrospective review of patients who underwent 
YDULRXV� PLQRU� VXUJLFDO� SURFHGXUHV� �EUHDVW� ELRSV\�� D�Y� ¿VWXOD��
F\VWRVFRS\��PHODQRPD�H[FLVLRQ��HWF���LGHQWL¿HG���JURXSV��*URXS���
(NC, n=43) received only NC O2. Group 2 (TM, n=101) received 
NC O2� DQG� D�76(� ³0DVN´� XVLQJ� D� FOHDQ� SODVWLF� VKHHW� RU� D� ÀXLG�
shield surgical mask to cover patient’s mouth and nose (Photo)1-3. 
Patients received NC O2 (3-5 L/min or higher as needed) and only 
IV propofol for sedation. NC patients were separated according to 
NC O2� ÀRZ� LQWR�1&�� ����� /�PLQ�� Q ���� DQG�1&�� ������ /�PLQ��
n=20). Student t-test and Chi Square test were used for analysis. A p 
YDOXH�������ZDV�FRQVLGHUHG�DV�VLJQL¿FDQW���0HDQ�6�'��

RESULTS: There were no differences in age (NC1: 50±18 yrs; 
NC2: 56±11 yrs; TM: 56±17), propofol dose (NC1: 154±88 mcg/kg/
min; NC2: 139±72; TM: 160±73) and ASA Physical Status (ASA 
III/ASA I-II: NC1: 3/20 & NC2: 9/9 vs. TM: 32/66). However, 
CN1 had less ASA III patients than CN2 (p<0.01). There were 
VLJQL¿FDQW�GLIIHUHQFHV� LQ�%0,� �1&��������NJ�P��YV��1&��������
& TM: 29±6, p<0.02), the highest NC O2�ÀRZ� �1&�����������/�
min & TM: 4.4±1.0 vs. NC2: 7.2±1.8, p<0.005), room air O2 Sat 
(NC1: 99±1% vs. NC2: 98±2% & TM:98±2%, p<0.003), procedure 
duration (NC1: 32±17 min vs. NC2: 49±27 & TM: 48±28, p<0.05), 
the lowest O2 Sat (NC1: 95±6% & NC2: 91±8% vs. TM: 97±3%, 
p<0.01) (Fig. 1), severe Desat (O2�6DW�������1&��������	�1&���
4/20 vs. TM: 1/101), bag-mask ventilation (NC1: 1/23 & NC2: 2/20 
vs. TM: 0/101, p<0.05) (Fig. 2), FiO2 (NC1: 0.29±0.07 & NC2: 
0.35±0.10% vs. TM: 0.59±0.18, p<0.0001) and O2 level under the 
VXUJLFDO�GUDSHV�QHDU�VXUJLFDO�¿HOG��1&����������	�1&����������
vs. TM:22±1%, p<0.0001). Five NC patients had severe Desat (O2 
Sat: 87±4%) and one of these required assisted mask ventilation and 
oxygenation. The other four patients’ NCs were converted to TMs 
and their O2 Sat was improved to 95±5%, 96±2% and 99±1% at 5 
min intervals (p<0.02).

CONCLUSION: 'DWD� VKRZ� WKDW� 76(� ³0DVN´� LV� PRUH� HI¿FLHQW�
than high NC O2�ÀRZ�LQ�UHGXFLQJ�VHYHUH�GHVDWXUDWLRQ�DQG�EDJ�PDVN�
ventilation in patients under deep propofol sedation during various 
PLQRU� VXUJLFDO� SURFHGXUHV�� ,W� DOVR� UHGXFHV� WKH� ULVN� RI� ¿UH� KD]DUG�
by preventing O2 from pooling under the surgical drapes. Although 
it can be used as a rescue device when patient’s oxygenation 
deteriorates, it should be routinely used prior to sedation. This face 
tent takes a few seconds to prepare and may improve patient safety 
at no extra cost.

REFERENCES:

1. Anesth 107:A922, 2007;

2. Anesth 102:484, 2005;

3. www.TSEMask.com

www.TSEMask.com
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COMPARISON OF HOSPITAL LENGTH OF STAY, 
PERIOPERATIVE RESOURCES AND HYPOXEMIC 
EVENTS BY SURGICAL PATIENTS WITH AND WITHOUT 
THE DIAGNOSIS OF OBSTRUCTIVE SLEEP APNEA

AUTHORS: A. Fernandez-Bustamante, K. Bullard, L. Jameson

AFFILIATION: Anesthesiology, University of Colorado Denver, 
Aurora, CO

INTRODUCTION: There is an estimated 70 million people in 
the United States who have obstructive sleep apnea (OSA) and it is 
estimated that up to 75% of OSA patients (OSApt) arrive for surgery 
ZLWKRXW�D�GH¿QLWLYH�GLDJQRVLV�RU� WKHUDS\�� ,W� LV�HVWDEOLVKHG� WKDW� WKH�
chronic physiologic stress associated with OSA contributes to long-
term cardiovascular and respiratory disease. OSA is associated with 
GLI¿FXOW�DLUZD\�PDQDJHPHQW�DQG�K\SR[HPLD��,W�KDV�EHHQ�DVVXPHG��
but not established, that OSA leads to longer hospitalizations (LOS) 
due to a greater frequency of surgical (eg, infection), pulmonary 
and cardiac complications. We previously reported that OSApt 
KDG� VLJQL¿FDQWO\� PRUH� SHULRSHUDWLYH� DLUZD\� PDQDJHPHQW� DQG�
hypoxemic events than patients without OSA (noOSApts)1. Using 
the same patient cohort we hypothesized that OSApts would have 
increased postoperative complications. The primary outcome 
indicator was hospital length of stay (LOS) and secondary outcomes 
were admission to ICU, postoperative ventilation, oxygen therapy 
and hypoxemic episodes.

METHODS: The Epic Clarity database was queried for all 
LQSDWLHQW� VXUJHULHV� �/26��GD\�� SHUIRUPHG� DW� WKH� 8QLYHUVLW\� RI�
Colorado Hospital between 1/2012 and 1/2013. The anesthesia 
SUHRSHUDWLYH�DVVHVVPHQW�ZDV�XVHG�WR�GHWHUPLQH�26$�FODVVL¿FDWLRQ��
26$SWV�KDG�D�IRUPDO�RU�EHGVLGH�GLDJQRVLV�����6723%$1*�FULWHULD�
(Snoring, Tired, Observed apnea, hyPertension, BMI > 35 kg/m2, 
Age>50yr, Neck>16in, Gender male): noOSApts did not meet 
OSA criteria. All extracted data was entered by clinicians during 
routine perioperative care, by vital signs monitors at the location of 
FDUH��3$&8��,&8��ÀRRU��7KH�(SLF�H[WUDFWLRQ�ZDV� ��GHPRJUDSKLFV��
6723%$1*� HOHPHQWV�� VXUJLFDO� VHUYLFH�� 3$&8�ÀRRU� 632������
or <80%, O2 use (am, pm), postoperative mechanical ventilation 
need, ICU admission, and LOS. Patients with missing data were 
H[FOXGHG�� 6LJQL¿FDQFH� ZDV� GHWHUPLQHG� E\� &KL� 6TXDUH� RU� W�WHVW�
analyses, p<0.05.

RESULTS: Of 18,351 patients, 7,779 were excluded, leaving 1,594 
OSApts and 8,978 noOSApts. OSApts were more likely to be male, 
older, and have a greater BMI than noOSApts (Table 1). noOSApts 
KDG�D�VLJQL¿FDQWO\�PRUH�,&8�DGPLVVLRQV��PRUH�YHQWLODWLRQ�DQG�OHVV�
XVH�RI�2��WKHUDS\�WKDQ�26$SWV��:LWKLQ�WKH�¿UVW���GD\V�QR26$SWV�
had a trend to a longer LOS than OSApts. LOS 6-30 days was more 
likely to occur in the OSApts with the LOS>30 days being 1.5X 
greater in the noOSApts (Table 2).

CONCLUSIONS: In our study OSApts had fewer complications 
and and shorter LOS that noOSApts. noOSApt had clinically and 
statistically greater ICU admissions and need for ventilation. LOS 
and similar frequency of SPO2<90%. OSApts all received O2 
therapy. Further analysis and data regarding outcomes based on 
complexity of surgery comorbidities and medical interventions may 
improve our understanding of the perioperative risks conferred by 
OSA.

REFERENCES:

1:  ASAabstracts A3232. http://www.asaabstracts.com/strands/
asaabstracts/search.htm;jsessionid=BFF12454C2A4FC8B98AE
B0A34E83D605

http://www.asaabstracts.com/strands/asaabstracts/search.htm;jsessionid=BFF12454C2A4FC8B98AEB0A34E83D605
http://www.asaabstracts.com/strands/asaabstracts/search.htm;jsessionid=BFF12454C2A4FC8B98AEB0A34E83D605
http://www.asaabstracts.com/strands/asaabstracts/search.htm;jsessionid=BFF12454C2A4FC8B98AEB0A34E83D605
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INAPPROPRIATE IMPLANTABLE CARDIOVER-
DEFIBRILLATOR THERAPY DURING SURGERY: AN 
IMPORTANT AND PREVENTABLE COMPLICATION 

AUTHORS: P. M. Schulman1, E. Kahl2, M. A. Rozner3

AFFILIATION: 1Department of Anesthesiolgy and Perioperative 
Medicine, Oregon Health & Science University, Portland, OR, 
2Department of Anesthesiology and Perioperative Medicine, 
Oregon Health & Science University, Portland, OR, 3Department 
of Anesthesiology and Perioperative Medicine; Department of 
Cardiology, University of Texas MD Anderson Cancer Center, 
Houston, TX

INTRODUCTION: Mounting evidence suggests that 
LQDSSURSULDWH� LPSODQWDEOH� FDUGLRYHUWHU�GH¿EULOODWRU� �,&'�� WKHUDS\��
whether shock or antitachycardia pacing, causes myocardial injury 
and increases mortality. ICD patients undergoing surgery often 
experience electromagnetic interference (EMI) placing them at risk 
for inappropriate ICD therapy unless mitigating steps are taken. 
We present 3 cases in which failure to take necessary precautions 
resulted in inappropriate ICD therapy.

CASE REPORT: Case 1) A 84 year-old man with nasopharyngeal 
FDUFLQRPD�DQG�D�%RVWRQ�6FLHQWL¿F�,&'�SUHVHQWHG�WR�WKH�GHYLFH�FOLQLF�
for pre-radiation assessment. ICD interrogation revealed delivery 
of inappropriate anti-tachycardia pacing during his endoscopic 
sinus surgery at a community hospital. Although preoperative 
notes from both the surgeon and anesthesiologist acknowledge 
presence of an ICD, there appears to be no discussion in the record 
of device parameters, plans to mitigate EMI, or recognition that 
EMI occurred. There was no mention of device reprogramming or 
magnet application. The date of the prior interrogation stored in the 
ICD memory documents the lack of preoperative or postoperative 
evaluation of the ICD. The patient was unaware of any issues and 
suffered no overt injury.

Case 2) A 91 year-old man with tongue cancer and St. Jude ICD 
presented to device clinic for evaluation and treatment planning. 
ICD interrogation showed an inappropriate shock resulting from 
EMI during his operative biopsy at a community hospital. Although 
the anesthesia record shows “magnet on ICD” there was no 
documentation of device parameters or plans to mitigate EMI (this 
,&'�KDV�QR�PHWKRG�WR�FRQ¿UP�DSSURSULDWH�PDJQHW�SODFHPHQW���7KH�
ICD discharge during the procedure was not documented.

Case 3) A 62 year-old man with a Medtronic biventricular ICD and 
suspected ICD pocket infection presented for pocket exploration, 
debridement, and repositioning of the ICD to a sub-pectoral location. 
The ICD was not interrogated or reprogrammed preoperatively; 
short bursts of monopolar electrosurgery were planned to prevent 
XQZDQWHG� SDFLQJ� LQKLELWLRQ� DQG� ,&'� ¿ULQJ� GXH� WR� (0,�� 6RRQ�
after surgical incision, the ICD discharged. The patient remained 
hemodynamically stable in an A-V sequentially paced rhythm. The 
operative care team then disabled antitachycardia therapy using a 
device programmer. At the conclusion of the procedure ICD therapy 
was restored, the patient was extubated and then taken to the 
recovery room in stable condition.

CONCLUSION:�,Q�KRVSLWDO�(0,�DSSHDUV�WR�RIIHU�VLJQL¿FDQW�ULVN�
to patients with ICDs, and we believe that these events frequently 
remain undetected and unreported. We present cases from 3 
different institutions in which failure to adhere to appropriate 
precautions resulted in inappropriate intraoperative ICD therapy. 
Since inappropriate ICD therapy causes myocardial injury and 
increased mortality, these cases reinforce the need for adherence 
to published perioperative management recommendations from the 
American Society of Anesthesiologists and Heart Rhythm Society 
for patients with cardiac implantable electronic devices.
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IS AXILLARY VEIN SIZE SYMMETRIC AND HOW MUCH 
DOES PATIENT POSITION MATTER?

AUTHORS: P. Orallo, E. A. Baker, N. Gravenstein

AFFILIATION: Anesthesiology, University of Florida, 
Gainesville, FL

BACKGROUND: Anesthesiologists choose the right internal 
jugular vein for central venous placement because of its size and ease 
of access. The right internal jugular vein is larger in 73% of people1 
and expands up to 40% in the Trendelenburg (T-burg) position2. An 
alternative is the axillary vein (AxV), which, unlike the subclavian, 
is easily visualized with ultrasound. We hypothesized that patient 
position and hand dominance will affect the diameter of the AxVand 
therefore merit consideration.

METHODS: Following IRB approval and informed consent from 
50 volunteers, transcutaneous ultrasound (CX50, Phillips, Andover, 
MA) was used to measure the diameter of the AxV 2 and 4cm 
ODWHUDO� IURP�HDFK�FODYLFOH� LQ�7�EXUJ��ÀDW�� DQG�VLWWLQJ�XS�SRVLWLRQV��
Measurements were taken when the vein was at its largest during 
normal respiration. Data were analyzed by paired sample t-tests.

RESULTS: In comparison to the left AxV, the right AxV diameter 
in T-burg 2cm from the clavicle was larger by almost 10% (0.90-
0.98cm; p= 0.024). In the majority (60%) of volunteers, the AxV 
was slightly larger on the dominant hand side Ax diameter (2cm) 
was largest in the T-burg position (Figure2) and progressively 
GHFUHDVHG� LQ� VL]H�ZLWK� FKDQJH� RI� SRVLWLRQ��7�EXUJ� �����FP�� !ÀDW�
(0.93cm)> sitting (0.53cm).

CONCLUSION: The AxVsize is relatively symmetric, becomes 
5% larger inT-burgposition, and is likely to be larger on the side 
of the dominant hand. The average AxV diameter of >0.9cm 
is large enough to accept a 9 French. Its ready visibility with 
ultrasound makes the AxV another attractive alternative for central 
vascular access.

REFERENCES:

1. Rom J Leg Med, 2010;18(2):125-8.

2. Am J Emerg Med, 2009;27(4):454-9.

3. Br J Anaesth, 2012;109(5):762-8.
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OBJECTIVE POSTOPERATIVE VENTILATORY 
ASSESSMENT ALGORITHMS IN OBESE PATIENTS FOR 
PACU MONITORING 

AUTHORS: R. Schumann1, E. George2, A. Gupta1, D. Ladd3, 
I. Bonney1, S. Ianchulev1, E. G. Pivalizza4

AFFILIATION: 1Anesthesiology, Tufts Medical Center, Boston, 
MA, 2Anesthesiology, Massachusetts General Hospital, Boston, 
MA, 3R & D, West Virginia University, Morgantown, WV, 
4Anesthesiology, University of Texas Medical School, Houston, TX

INTRODUCTION: Identifying patients at risk for post-operative 
apnea (POA) and opioid-induced respiratory depression (OIRD) 
is challenging with current monitoring and clinical assessment. 
A non-invasive respiratory volume monitor (RVM) that provides 
accurate measurements of minute ventilation (MV), tidal volume 
and respiratory rate in non-intubated patients is available1. Recent 
studies have shown that a majority of patients with > 80% of 
expected MV prior to PACU opioid administration rarely declined 
to below 40% of expected after opioid. A pre-opioid MV < 80% 
KDG�D�JRRG�VHQVLWLYLW\� ������DQG�VSHFL¿FLW\� ������ IRU�SUHGLFWLQJ�
a MV < 40% of expected following PACU opioid2. These results 
were obtained in a normal weight population (BMI <30 kg/m2). 
We examined whether this 80/40 algorithm performed equally in an 
obese population or if it may require changes. 

METHODS: In this multi-center study, following IRB approval 
and informed consent, respiratory traces were recorded with an 
impedance-based RVM system (ExSpiron, Respiratory Motion, 
Inc. Waltham, MA) from 37 obese patients (Age 20-75, mean 49; 
BMI 35-65, mean 44) undergoing elective surgery with general 
anesthesia and mechanical ventilation. The RVM was synchronized 
to the ventilator MV intra-operatively which served as the individual 
baseline (MVBASELINE). The post-operative MV values within 15 
minutes prior to and following PACU opioid administration were 
FRPSDUHG�� 7KH� SUHYLRXVO\� GHULYHG� ������ 09� VWUDWL¿FDWLRQ� ZDV�
applied to this cohort and compared to a 75/40 algorithm using 
VHQVLWLYLW\�DQG�VSHFL¿FLW\�DQDO\VHV�

RESULTS: Using the 80/40 model, 8/18 (44.4%) patients with an 
MV <80% of MVBASELINE before opioid administration had an MV 
decrease to <40% of MVBASELINE. Only 1/19 (5.2%) patient with an 
09(;3�!����H[SHULHQFHG�WKH�VDPH��7KLV�VWUDWL¿FDWLRQ�ZDV�����
VHQVLWLYH������VSHFL¿F��ZLWK�D�SRVLWLYH�SUHGLFWLYH�YDOXH� �339��RI�
44%, and a negative predictive value (NPV) of 95% (Figs. 1,3). In 
the 75/40 algorithm, 8/16 (50%) patients with a MVBASELINE <75% 
before opioid administration decreased to <40% of MVBASELINE, 
while 1/21(4.8%) patient with an MVBASELINE >75% prior to 
RSLRLG�GHFOLQHG�������)LJ������7KLV�VWUDWL¿FDWLRQ�KDG�D�VHQVLWLYLW\�RI�
�����VSHFL¿FLW\�RI������D�339�RI������DQG�D�139�RI������)LJ�����

CONCLUSIONS: A dramatic reduction in MV from baseline occurs 
in a subset of post-operative obese patients in the PACU following 
opioid administration to values < 40% of MVBASELINE. The RVM 
DOORZV�UHDO�WLPH�LGHQWL¿FDWLRQ�RI�VXFK�SDWLHQWV�DQG�IXUWKHU�VWXG\�ZLOO�
determine whether this is associated with a risk for increased post-
RSHUDWLYH�FRPSOLFDWLRQV��7KH�GDWD�VXJJHVWV�WKDW�D�������VWUDWL¿FDWLRQ�
algorithm may be better suited in the obese population than the 
������VWUDWL¿FDWLRQ��)XUWKHU� UH¿QHPHQW�RI� VWUDWL¿FDWLRQ�DOJRULWKPV�
are needed to facilitate focused post-operative care and protocols 
aimed at reducing post-operative respiratory complications and 
improving patient safety.

REFERENCES:

1. Crit Care Med 2013; 41:56;

2. Anesth Analg 2013;11:91-100
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REMOTE VIDEO AUDITS OF OPERATING ROOM 
PRACTICES SUSTAINABLY IMPROVE PATIENT SAFETY 
PROCESSES AND OPERATING ROOM THROUGHPUT

AUTHORS: F. Overdyk1, O. Dowling1, J. F. Di Capua2, D. 
Armellino1, J. Iammatteo1, R. Mercieca1

AFFILIATION: 1Anesthesiology, Hofstra North Shore-LIJ 
School of Medicine, New Hyde Park, NY, 2Anesthesiology, North 
American Partner in Anesthesia, Armonk, NY

BACKGROUND: Objective performance data for processes 
HVVHQWLDO�WR�SDWLHQW�VDIHW\�DQG�25�HI¿FLHQF\��VXFK�DV�VXUJLFDO�WLPH�
out (STO), OR cleaning, and OR throughput, are challenging to 
obtain. When collected by OR stakeholders, these metrics are often 
biased and time consuming to collect1. Video auditing has been 
described in the OR and beyond to improve the quality of care by 
LQÀXHQFLQJ�EHKDYLRU��DQDO\]LQJ�DGYHUVH�HYHQWV��DQG�HQFRXUDJLQJ�EHVW�
practice2,3. This quality improvement initiative uses an off-site, third 
party video audit service to provide objective data on compliance 
ZLWK� 672� DQG� 25� FOHDQLQJ�� DV� ZHOO� DV� 25� HI¿FLHQF\� PHWULFV��
integrating real time feedback to optimize team performance. 

METHODS: Video only feeds from the eight OR’s at Forest 
Hills Hospital, NY are analyzed in real time by Arrowsight Inc. 
After a baseline data collection period, OR staff were educated on 
the ‘best practice’ for STO and OR terminal/overnight cleaning 
(TC). Feedback on compliance with best practices, as well as OR 
throughput metrics, are displayed electronically throughout the 
OR suite (Fig 1,2) and distributed in daily and weekly reports. 
In addition, text messages alert practitioners and OR staff to 
changes in OR status. The video, intentionally ‘blurred’ to limit 
facial recognition, is erased after review, and only data on team 
performance is retained. Inter-rater variability of audit staff 
was calculated.  

RESULTS: :LWK� ,5%� DSSURYDO�� GDWD� IURP� WKH� ¿UVW� �� ZHHNV� RI�
video auditing were compared to 4 weeks of recent data for STO/
TC compliance and 2 weeks of data for throughput performance 
(Table 1). Use of an STO ‘check list’, an adequate duration of 
STO, and attention to STO by the OR team improved to near 
100%. Compliant TC consistent with guidelines improved from 
���� WR� �����$YHUDJH� ¿UVW� FDVH� VWDUWV� LPSURYHG� E\� ��� PLQXWHV��
and 4.8/23.6 min of non-surgical time was saved per case before/
after noon, which equates to 52 min per OR (3 sched cases/OR/
GD\��� 7KH� LQWUD�FODVV� FRUUHODWLRQ� FRHI¿FLHQW� IRU� DJUHHPHQW� RI�
time segments among 3 video auditors assigning timestamps was 
1, and similarly high for pass/fail criteria of required elements 
of the STO/terminal cleaning (Fleiss Kappa statistic =1.00). 

CONCLUSION: Initial results suggest remote video performance 
feedback produces meaningful improvements in compliance with 
VDIHW\� SURFHVVHV� DQG�25� HI¿FLHQF\�� HVSHFLDOO\� DIWHU� QRRQ�� GXH� WR�
more effective communication/team dynamics. We anticipate 
HI¿FLHQF\� JDLQV� PD\� EH� LPSURYHG� ZLWK� IXUWKHU� UH¿QHPHQW��
The impact of video auditing on reducing preventable patient 
harm (ie. wrong patient/site surgery, surgical site infections) 
and provider and patient satisfaction remains to be studied. 

REFERENCES:

1. Overdyk F. et. al. Anesth Analg 86; 1998.

2. Hu Y, et. al. Ann Surg 256(2); 2012.

3. Makary M. JAMA 309(15); 2013.

Disclosure: Material support provided by Arrowsight Inc.

Safety Metrics Before/After Remote Video Audit + Feedback
Surgical Time Out (STO) % Compliance Baseline After 

Feedback
Each team member is attentive to STO 88% 100%
STO performed after surgical drape is up 97% 100%
STO minimum duration of 60 seconds 83% 99%
Terminal OR Cleaning % Compliance
Minimum cleaning time (60min - 1 cleaner; 9% 97%
(40min - 2 cleaners)
% of tasks completed:PPE; wipe equipment, 
VFUXE�GU\�ÀRRU��UHSR�HTXLS��FOHDQ�ZDOOV�ZDVWH

12% 99%

OR Thruput Metrics pre/post Remote Video Audit & Feedback
ALL DATA in minutes Baseline 

n=243
After 
Feedback 
n=150

Baseline 
n=168

After 
Feedback 
n=90

Before
12 noon

Before
12 noon

After
12 noon

After
12 noon

First Case Start Delay 18.9 0.6 N/A N/A
Room ready -> Pt in Room 19.5 13.8 32.1 18.6
Pt in Room -> Start Surgery 21.2 25.3 25.6 26.1
Drape down --> Pt exit 13.3 13.2 15.9 14.1
Pt out of room -> Room 
cleanup start

3 -0.1 2.5 0.7

Room clean up (start-stop) 16.5 16.9 17.6 16
Non surgical time 73.5 69.2 93.7 75.5
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AGREEMENT BETWEEN PATIENT-REPORTED IN-
HOSPITAL POSTOPERATIVE COMPLICATIONS AND 
COMPLICATIONS FOUND BY CHART REVIEW 

AUTHORS: B. A. Fritz, K. Escallier, J. Becker, J. D. Oberhaus, K. 
Geczi, A. Ben Abdallah, M. S. Avidan

AFFILIATION: Anesthesiology, Washington University School 
of Medicine, Saint Louis, MO

INTRODUCTION: Increasing emphasis has been placed on 
patient-reported outcomes (PROs) in recent years, yet their validity 
LQ�UHJDUG� WR�VSHFL¿F�PHGLFDO�FRPSOLFDWLRQV��VXFK�DV�SRVWRSHUDWLYH�
myocardial infarction, has not been characterized. Non-surgical 
patients report elements of their medical history with excellent 
negative agreement and poor/moderate positive agreement 
compared to medical records.1-4 The goal of this study was to 
quantify agreement between PROs of in-hospital postoperative 
complications and the medical record.

METHODS: With IRB approval and written informed consent, a 
survey including a question about 18 complications is being sent 
to patients 30 days after a variety of surgeries at one academic 
medical center. From the 1578 responses received by June 2013 
(representing a response rate of about 66%), a sample of 750 was 
taken. The sample was enriched with all 470 patients who reported 
a complication. The remaining 280 patients were randomly selected: 
129 reported no complication, 140 preferred not to answer, and 
11 left the question blank. Medical records of these 750 patients 
were reviewed independently by two researchers in consultation 
with a clinical researcher. Discrepancies were resolved by another 
clinical researcher. Agreement between PROs and chart review 
ZDV� TXDQWL¿HG� XVLQJ� SRVLWLYH� DQG� QHJDWLYH� DJUHHPHQW�� DV�ZHOO� DV�
the kappa statistic. To investigate discrepancies, 70 patients with 
discordance between PROs and chart review were phoned.

RESULTS: Of 1578, 470 patients (30%) reported at least one 
complication, 742 (47%) reported no complication, 249 (16%) 
preferred not to answer, and 117 (7%) left the question blank. The 
most common PROs were severe pain (n = 188), abnormal heart 
rhythm (n = 86), and severe nausea/vomiting (n = 63). In the 750 
selected for chart review, negative agreement was excellent for most 
complications, while positive agreement and kappa were in the low-
moderate range (Table). Reporting no complication and preferring 
not to answer both predicted absence of complications on chart 
review (predictive value [95% CI] 98.4% [96.3%, 100%] and 98.6% 
[96.6%, 100%] respectively). By phone, 42 patients were reached, 
representing 54 discordant complication reports. Twenty-four had 
reported events that occurred before surgery, while nine reported 
post-discharge events. Two in-hospital complications were not 
detected by chart review, and three patients misinterpreted routine 
in-hospital events as complications.

CONCLUSION:� 2XU� ¿QGLQJV� RI� KLJK� QHJDWLYH� DJUHHPHQW� DQG�
low positive agreement are consistent with studies of non-surgical 
patients. Possible explanations include inaccurate chart review, 
in-hospital miscommunication with patients, inaccurate recall, or 
misunderstanding of the survey question. While PROs are often 
reliable, they might have some limitations in relation to certain 
medical diagnoses and complications, especially those based on 
clinician judgment and special investigations.

REFERENCES:

1. BMC Med Res Methodol 2008; 8:37

2. Mayo Clin Proc 2005; 80:203-10

3. Prim Care Respir J 2012; 21:145-52

4. Bone Marrow Transplant 2000; 25:1191-6



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-237

S-237.
PREOPERATIVE FACTORS FOR PREDICTING 
POSTOPERATIVE HYPOTHERMIA AND TEMPERATURE 
CHANGE FOLLOWING ABDOMINAL SURGERIES

AUTHORS: O. Visnjevac1, R. Kocz1, P. Kim1, M. E. Hsia1, C. G. 
Samuelson2, J. Grande1, N. D. Nader1

AFFILIATION: 1Anesthesiology and Pain Medicine, State 
University of New York: Buffalo, Buffalo, NY, 2Anesthesiology and 
Pain Medicine, LSU Health Shreveport, Shreveport, LA

INTRODUCTION: Perioperative hypothermia is an important 
SDWLHQW� VDIHW\� LVVXH�� DQG� RIWHQ� OHDGV� GLUHFWO\� WR� VLJQL¿FDQW�
perioperative morbidity. Greater body fat percentage and body mass 
index (BMI) have been considered protective and have been shown 
to be associated with reduced perioperative heat loss1. Body surface 
area (BSA) was also found to be inversely related to the rate of 
patient rewarming2, but these studies both had small sample sizes. 
Hence, a large retrospective review of perioperative temperature 
change was undertaken to assess the relationship between BMI and 
BSA for abdominal with the hypothesis that a BMI:BSA ratio would 
be a useful predictive index for postoperative hypothermia.

METHODS: Data for 5168 consecutive adult abdominal 
procedures, collected from 3 hospitals over two years, were 
separated into laparoscopic, intracavitary, or peripheral surgeries. 
0XOWLYDULDWH�DQDO\VHV�ZHUH�XWLOL]HG�WR�LGHQWLI\�VLJQL¿FDQW�YDULDEOHV�
contributing to decreases in perioperative temperature. All patients 
under general anesthesia received forced-air warming blankets.

RESULTS: Using logistic regression: age, total operating room 
time, laparoscopic and peripheral procedures, BMI, and BMI:BSA 
UDWLR� ZHUH� QRW� IRXQG� WR� VLJQL¿FDQWO\� FRUUHODWH� ZLWK� GHFUHDVHG�
perioperative temperature. In contrast, BSA (OR 0.39, 95% CI 0.18-
0.84, P=0.016), intracavitary procedures (OR 1.95, 95% CI 1.12-
3.39, P=0.017) and patients’ preoperative temperature (OR 34.69, 
���� &,� ������������� 3���������� ZHUH� IRXQG� WR� EH� VLJQL¿FDQW�
predictors of decreases in perioperative temperature. Linear 
UHJUHVVLRQ� LGHQWL¿HG� HDFK� �&� LQFUHDVH� LQ� SDWLHQWV¶� SUHRSHUDWLYH�
WHPSHUDWXUH�UDWLR�WR�UHOLDEO\�SUHGLFW�D������&�UHGXFWLRQ�LQ�WKH�WRWDO�
perioperative temperature change (b = -0.65, 95% CI -0.68 - -0.62, 
P<0.0001).

CONCLUSIONS: BMI:BSA was shown to be an inferior index than 
BSA alone for predicting postoperative hypothermia. This positive 
correlation between BSA and perioperative temperature may be 
explained by effective intraoperative warming, with consideration 
that patients with greater BSA have more contact points with forced-
air warming blankets than those with lesser BSA. Preoperative 
K\SRWKHUPLD� ZDV� WKH� PRVW� VLJQL¿FDQW� IDFWRU� FRQWULEXWLQJ� WR�
postoperative hypothermia, suggesting that preoperative patient 
warming may be an important intervention for the prevention of 
postoperative hypothermia.

REFERENCES:

����0RUSKRPHWULF� ,QÀXHQFHV� RQ� ,QWUDRSHUDWLYH� &RUH� 7HPSHUDWXUH�
Changes, Anesth Analg 1995;80:562-7

2.  Body Morphology and the Speed of Cutaneous Rewarming, 
Anesthesiology 2001; 95:18-21
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BARRIERS TO THE IMPLEMENTATION OF CHECKLISTS 
IN THE OFFICE-BASED SETTING

AUTHORS: R. D. Urman1, R. Fernando2, F. Shapiro1

AFFILIATION: 1Anesthesiology, Brigham and Women’s Hospital, 
Boston, MA, 2Anesthesiology, Beth Israel Deaconess Medical Center, 
Boston, MA

INTRODUCTION: The number of procedures performed in 
WKH� RI¿FH�EDVHG� VHWWLQJ� FRQWLQXHV� WR� LQFUHDVH�� \HW� WKHVH� W\SHV� RI�
practices are subject to very few state and federal regulations. Patient 
safety is critical for the patients, providers and risk managers, and 
the same standard of care should be maintained regardless of the 
healthcare setting. The use of a checklist may improve patient 
safety and potentially help minimize risk. Currently, there are 
QR� PDQGDWRU\� UHTXLUHPHQWV� WR� XVH� FKHFNOLVWV� LQ� WKH� RI¿FH�EDVHG�
setting, unlike inpatient and ambulatory surgical care facilities. 
This study was designed to ascertain whether checklists were being 
XWLOL]HG�LQ�WKH�RI¿FH�EDVHG�VHWWLQJ�DQG�WKH�SRWHQWLDO�EDUULHUV�WR�WKHLU�
implementation.

METHODS: This study was approved by the institutional review 
board. A cross-sectional prospective study was performed by using 
a 19-question anonymous survey designed with RedCap®. A total of 
103 medical providers that included physicians and nurses from 25 
GLIIHUHQW�RI¿FHV�WKDW�SHUIRUPHG�PHGLFDO�DQG�RU�VXUJLFDO�SURFHGXUHV�
ZHUH� LGHQWL¿HG�DQG�DVNHG� WR�SDUWLFLSDWH��7KHUH�ZHUH����UHVSRQVHV�
and 38 were included in the study.

RESULTS:� 2QO\� ���� RI� RI¿FHV� VXUYH\HG� XVH� VDIHW\� FKHFNOLVWV�
in their practice. Only 34% had checklists or equivalent protocol 
for emergencies such as anaphylaxis or failed airway. As many 
as 23.7% of respondents indicated that they encountered barriers 
WR� LPSOHPHQWLQJ� FKHFNOLVWV�� 7KH� WRS� EDUULHUV� LGHQWL¿HG� LQ� WKH�

study were no incentive to use a checklist (77.8%), no mandate 
from a local or federal regulatory agency (44.4%), being too time 
consuming (33.3%), and lack of training (33.3%). When asked to 
pick a reason that would encourage providers to use checklists, 
the most common responses were a clear mandate (36.8%) and if 
UHVHDUFK�VKRZHG�LPSURYHG�EHQH¿W� WR� WKH�SDWLHQW� ���������7DEOH���
summarizes our results.

CONCLUSIONS: Checklists are not being universally utilized in 
WKH�RI¿FH�EDVHG�VHWWLQJ��XQOLNH�LQSDWLHQW�SURFHGXUDO�IDFLOLWLHV�ZKHUH�
their use has been shown to potentially decrease patient morbidity 
and costs of care. Furthermore, there appear to be barriers preventing 
their successful implementation. The perioperative team and risk 
managers may be able to improve patient safety and minimize 
risk by encouraging the use of customizable safety checklists and 
providing incentive to the practitioners by working with a diverse 
group of stakeholders.

REFERENCES:
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DEVELOPMENT OF A COLORECTAL SURGERY 
REPORTING TOOL: THE NO BUGS DASHBOARD

AUTHORS: J. M. Ehrenfeld1, J. P. Wanderer2, L. M. Sain2, T. M. 
Geiger3, O. Guillamondegui3, R. Dmochowski3, M. D. McEvoy2

AFFILIATION: 1Anesthesiology, Surgery, and Biomedical 
Informatics, Vanderbilt University, Nashville, TN, 2Anesthesiology, 
Vanderbilt University, Nashville, TN, 3Surgery, Vanderbilt 
University, Nashville, TN1

INTRODUCTION: Despite advances in surgical techniques and 
perioperative care, colorectal surgery has one of the highest rates 
of surgical site infections (SSI).1 However, evidence suggests 
that a number of perioperative interventions may help modulate 
SSI rates, including maintenance of normothermia, management 
of blood glucose levels, achievement of mild hypercapnea, 
appropriate utilization of prophylactic antibiotics, and provision of 
a high concentration of inspired oxygen.2,3,4,5,6 In order to help our 
clinicians improve their performance in these areas, we developed 
the NO BUGS Reporting Dashboard.

METHODS: We began by reviewing the literature and engaged 
in a multi-disciplinary consensus driven process to determine what 
represents the optimal perioperative care of colorectal patients. 
A NO BUGS protocol7 was developed (see Figure 1a and 1b) 
and we then developed a list of metrics mapped to the protocol 
which could be automatically obtained from our routine clinical 
documentation. We are now in the process of validating six of the 
proposed performance metrics. Each metric is scored in a pass/fail 
system, and if any applicable metric for a case is failed, then the 
FDVH�LV�ÀDJJHG�DV�D�µIDLO�¶�7KHVH�IDLOHG�FDVH�WKHQ�DSSHDU�LQ�WKH�12�
BUGS dashboard and can be selected in order to load the electronic 
perioperative care record for review.

RESULTS: We developed six performance metrics mapped to the 
NO BUGS Protocol shown in Figure 1 which are a) maintenance of 
normothemia, b) high inspired oxygen content, c) proper antibiotic 
administration and redosing, d) mild underventilation, e) glucose 
monitoring & control, and f) appropriate skin preparation prior 
to incision and line placement. Faculty performance on 2,847 
completed colorectal surgery cases has been incorporated into our 
automated dashboard as shown in Figure 2.

CONCLUSIONS: We demonstrate the development of a 
perioperative colorectal surgery process dashboard and six potential 
clinical performance metrics. These metrics have been implemented 
in an online dashboard that will soon provide near real-time 
feedback to our faculty. These data are reviewed bi-monthly by 
a multi-disciplinary team. Educational interventions have been 
undertaken for anesthesia, surgery, and nursing personnel involved 
with these patients. Longitudinal assessment will involve evaluation 
of both patient outcomes and effectiveness of educational and 
organizational methods for consistent implementation.

REFERENCES:

1.  Surgical site infection: the principles and practice of 
surveillance: Part 2: analysing and interpreting data Journal of 
Infection Control (2013) 14 (6): 198-202.

2.  Reynolds L, et al. Best Pract Res Clin Anaesthesiol 
2008;22:645-57

3. Togoika B, et al. Anesth Analg 2012;114;334-42.

4. Steinberg JP, et al. Ann Surg. 2009;250:10-16

5. Fleischmann E, et al. Anesthesiology 2006; 104:944-9

6. Forbes SS, et al. J Am Coll Surg 2008;207:336-41

7. Gordon R. Anesth Analg 2009; 108: S89

Figure 1a

Figure 1b

S-239 • CONTINUED ON NEXT PAGE



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

)LJXUH����7KLV�¿JXUH�GLVSOD\V�WKH�12�%8*6�GDVKERDUG�YLHZ�ZKLFK�LV�DFFHVVHG�WKURXJK�D�SDVVZRUG�SURWHFWHG�ZHEVLWH�

S-239 • continued



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-240

S-240.
PREVENTING IATROGENIC HYPERKALEMIA: A PATIENT 
SAFETY CASE REPORT 

AUTHORS: L. L. Llamas1, A. Khan2

AFFILIATION:1Department of Anesthesiology, U. of Texas 
Health Science Center at San Antonio, San Antonio, TX, 2School of 
Medicine, U. of Texas Health Science Center at San Antonio, San 
Antonio, TX

INTRODUCTION: Iatrogenic hyperkalemia is a serious and 
life-threatening circumstance that must be avoided at all costs. 
Resuscitation from hyperkalemic cardiac arrest requires aggressive 
therapy that is not always successful.1 In 2006, JCAHO targeted 
potassium chloride as a “high-alert medication,” 2 This was echoed 
again in 2012, when it was listed as a goal for the improvement 
of patient safety3 It is for these reasons that we began a hospital-
wide protocol for the management of patients receiving potassium 
intravenously. The impetus for our initiative is presented in 
the following near-miss case report and then addressed in the 
subsequent protocol.

CASE REPORT: A 37-year-old mother of two presented to the 
emergency department with symptomatic cholelithiasis two days 
prior to Thanksgiving Day 2013. She was then scheduled for a 
cholecystectomy under general anesthesia. On leaving the ED for 
the operating room, her peripheral IV access was directly attached to

a crystalloid solution containing 20mEq/L of Potassium Chloride 
in 1000mL without a pump to regulate the infusion rate. When the 
patient arrived to the pre-op holding area, fortunately, the mostly 
full IV bag containing 20mEq/L KCL was soon noticed by the 
anesthesiologist and immediately removed. Failure to recognize the 
KCL could have potentially led to the patient suffering iatrogenic 
hyperkalemic cardiac arrest if the solution was rapidly infused. The 
patient’s operation proceeded smoothly and successfully. She was 
then discharged from the hospital.

CONCLUSION: After this case we began a hospital-wide protocol 
that mandates the use of pumps for the infusion of potassium and 
limited the rate to 10mEq/hr.4 An incident of iatrogenic hyperkalemic 
cardiac arrest would have been a tragedy for the patient’s family 
and for the health care providers involved. Our goal for this poster 
presentation is to educate and remind anesthesiologists to always be 
vigilant and check what IV solutions are attached to a patient’s IV 
prior to proceeding with an anesthetic.
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RATES AND PREDICTORS OF PERIOPERATIVE 
MORTALITY: PRELIMINARY DATA FROM THE NATIONAL 
ANESTHESIA CLINICAL OUTCOMES REGISTRY

AUTHORS:  J. R. Feiner, L. Chen

AFFILIATION: Department of Anesthesia and Perioperative 
Care, University of California, San Francisco, San Francisco, CA

INTRODUCTION: The National Anesthesia Clinical Outcomes 
Registry (NACOR) was created in 2010 as a quality improvement 
data warehouse and has accumulated over twelve million cases. We 
present a preliminary analysis of the NACOR database focusing on 
rates of and associations with perioperative death.

METHODS: We conducted a retrospective analysis of 12,751,712 
cases in NACOR performed between 1/1/2010 and 11/6/2013. 
Cases from practices not reporting outcomes data (10,534,952 
cases), cases with no procedure information (77,513 cases), non-
surgical obstetric procedures including vaginal delivery (41,366 
cases), and patients with ASA physical status (ASAPS) 6 and/
or undergoing organ procurement (432 cases) were excluded. 
Mortality was reported by the anesthesia provider and varied by 
practice, with some including deaths prior to PACU discharge and 
others reporting deaths up to 48 hours after induction of anesthesia. 
Logistic regression was performed on cases that had complete 
information for the variables of interest (1,498,660) cases). Facility 
type, region, and primary anesthesia type were not included in the 
¿QDO�PRGHO�EHFDXVH�RI�FRQFHUQV�RI�LQFRPSOHWH�GDWD�

RESULTS: 7KH�¿QDO� DQDO\VLV� LQFOXGHG����������� FDVHV� DQG�����
deaths (crude death rate 28/100,000). Comparison between included 
and excluded cases and proportion of missing data by variable are 
in Table 1. Logistic regression adjusting for patient age group, 
sex, ASAPS, emergency case status, time of day, and body region 
of procedure demonstrated that increasing ASAPS, emergency 
cases, cases performed outside regular daytime hours, and age <1 
year were independently associated with increased perioperative 
mortality (Table 2). A subgroup analysis of 229,746 patients limited 
WR����HOHFWLYH�FDVH�W\SHV�FRQ¿UPHG�WKH�DVVRFLDWLRQ�ZLWK�WLPH�RI�GD\��
The most common outcomes concurrently documented in patients 
who died were major or minor hemodynamic instability, major 
or minor respiratory complications including airway/intubation 
complications, upgrade of care, and resuscitation.

CONCLUSIONS: Several factors were associated with increased 
SHULRSHUDWLYH�PRUWDOLW\��2I�WKH�PRGL¿DEOH�IDFWRUV��D�FDVH�VWDUW�WLPH�
after 6pm was associated with an adjusted odds ratio of at least 1.74 
for perioperative death, which is higher than previously reported. 
Limitations of this study include non-standardized mortality 
reporting and the large proportion of cases that had to be excluded for 
missing data. The NACOR database is nonetheless a powerful tool 
for exploring rare perioperative events. Improvements in practice 
reporting will maximize data completeness and generalizability and 
will allow further investigation of regional and national contributors 
to morbidity and mortality.

ACKNOWLEDGMENT: We thank the Anesthesia Quality 
Institute and NACOR for collecting and sharing the data that made 
the preparation of this abstract possible.
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ASSOCIATION OF STOP-BANG SCORES OR OSA 
DIAGNOSIS WITH POSTOPERATIVE APNEA AND 
MINUTE VENTILATION IN AN OBESE SURGICAL 
POPULATION USING RESPIRATORY VOLUME 
MONITORING IN THE PACU

AUTHORS: R. Schumann1, J. Brayanov2, A. Gupta1, A. P. Kwater3, 
I. Bonney1, C. B. Howell3, E. G. Pivalizza3

AFFILIATION: 1Anesthesiology, Tufts Medical Center, Boston, 
MA, 2Research and Development, Respiratory Motion, Inc., 
Waltham, MA, 3Anesthesiology, University of Texas Medical 
School, Houston, TX

INTRODUCTION: Sleep disordered breathing including 
obstructive sleep apnea (OSA) has a high prevalence in obese 
patients and is a risk factor for postoperative complications 1. Tools 
such as the STOP-Bang (SB) questionnaire can identify patients 
DW� ULVN� IRU�26$� DQG� RIIHU� VWUDWL¿FDWLRQ� LQWR� ULVN� FDWHJRULHV�� 3RVW�
operative care protocols have been developed for such patients, and 
may require prolonged PACU stays, CPAP or additional monitoring 
after PACU discharge. A non-invasive, impedance-based respiratory 
volume monitor (RVM) that provides, accurate, continuous, real-
time, quantitative measurements of minute ventilation (MV), 
tidal volume (TV) & respiratory rate (RR) is now available. This 
study examines the association of SB scores or pre-operative 
OSA diagnosis with MV in the PACU as determined by this 
novel technology.

METHODS: Following IRB approval and informed consent, 
continuous respiratory traces were obtained from the RVM system 
(ExSpiron, Respiratory Motion, Inc. Waltham, MA) in obese 
patients undergoing elective surgery with general anesthesia. 
Demographics, prior OSA diagnosis and SB scores with patients 
VWUDWL¿HG� LQWR� ORZ� ������� LQWHUPHGLDWH� ������ DQG� KLJK� ������ ZHUH�

S-251 • CONTINUED ON NEXT PAGE

UHFRUGHG��$Q�DSQHLF�HYHQW��$(��ZDV�GH¿QHG�DV�QR�GHWHFWHG�EUHDWKV�
IRU�!���VHF��3RVWRSHUDWLYH�DSQHD��32$��ZDV�GH¿QHG�DV�!��$(�KU��
7KH� ORZHVW�09� �/09�� LQ� WKH� 3$&8� ���PLQ� DYJ��ZDV� LGHQWL¿HG�
for each patient, and an LMV of <40% predicted (based on IBW) 
ZDV� GH¿QHG� DV� D� VXUURJDWH� LQGLFDWRU� RI� SRVWRSHUDWLYH� UHVSLUDWRU\�
depression (PORD). The 2-tailed Fisher’s exact test was used for 
VWDWLVWLFDO�DQDO\VLV�ZLWK�D�S��������FRQVLGHUHG�VLJQL¿FDQW�

RESULTS: 80 patients (25 female) aged 47 ± 12 years with a 
BMI of 43 ± 7 kg/m2 completed the study. Table 1 summarizes 
the association of SB risk categories and preoperative OSA 
GLDJQRVLV�ZLWK�32$�DQG�325'��1R� VLJQL¿FDQW� DVVRFLDWLRQ� FRXOG�
be demonstrated. Categorical differentiation based on SB scores 
DQG�26$�GLDJQRVLV�VKRZ�WKDW�ZLWK�LQFUHDVLQJ�VSHFL¿FLW\��WKH�PRGHO�
becomes less sensitive with no optimal pattern present (Table 2). 
POA was a poor predictor of LMV as an indicator of PORD due 
to rescue breath variability (Fig. 1). Correlation of SB scores with 
32$�DQG�325'�DV� FRQWLQXRXV�YDULDEOHV�ZDV� QRW� VLJQL¿FDQW�� DQG�
POA did not correlate well with PORD (Fig. 2).

CONCLUSIONS: Although the SB score is a useful tool for 
SUHRSHUDWLYH�26$�ULVN�VWUDWL¿FDWLRQ�� LW�GLG�QRW�FRUUHODWH�ZHOO�ZLWK�
objective measures of postoperative apnea and minute ventilation 
as determined by the RVM in obese patients recovering from 
general anesthesia. Furthermore, identifying patients with apneic 
HYHQWV��32$��LV�QRW�VXI¿FLHQW�WR�LGHQWLI\�SDWLHQWV�ZLWK�ORZ�PLQXWH�
ventilation in the PACU. This study demonstrates the potential utility 
of objective post-operative respiratory volume monitoring to better 
identify patients at risk for respiratory depression and individualize 
post-operative management protocols. Further study is needed 
WR� LGHQWLI\� SDWLHQWV� WKDW� FDQ�PRVW� EHQH¿W� IURP� WKLV�PRQLWRULQJ� WR�
optimize safety and streamline care.

REFERENCES:
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COMPARISON OF TWO RISK SCALING SCORES FOR 
POSTOPERATIVE PULMONARY COMPLICATIONS

AUTHORS: S. Okahara, M. Hayashi, K. Shimizu, H. Morimatsu

AFFILIATION: Department of Anesthesiology and Resuscitology, 
Okayama University Hospital, Okayama, Japan

INTRODUCTION: Postoperative pulmonary complications (PPC) 
depend on patients’ co-morbidity, anesthetics and surgical factors 
and affect the morbidity and mortality in postoperative period. 
Recently many studies about PPC were published. For example, 
Pneumonia risk index (PRI) 1 and ARISCAT PPC score 2 are famous 
risk scaling systems. In this study, we measured the incidence of 
PPC and calculated these two risk scores for PPC. And we analyzed 
which scaling system is better in this population.

METHODS: All patients undergoing surgical procedures given 
general and/or neuraxial anesthesia in June 2013 were investigate 
retrospectively. Patients’ perioperative data and incidence of PPC 
�GH¿QHG� DV� SQHXPRQLD�� VHSVLV�� UHVSLUDWRU\� IDLOXUH�� DWHOHFWDVLV��
and pleural effusion) were collected from our electronic medical 
records. We measured PRI and ARISCAT PPC score in all patients.

RESULTS: Of the 200 postoperative patients, 17 patients (8.5%) 
had PPC. Mean age (± SD) was 65.5 ± 15.1 years in patients with 
PPC and 57.2 ± 17.2 in those without PPC (P < 0.05). Postoperative 
pneumonia developed in 4 patients, sepsis in 3, respiratory failure 
in 2, atelectasis in 10, and pleural effusion in 7. The patients with 
33&�KDG�VLJQL¿FDQW�KLJKHU�35,��������������WKDQ�WKRVH�ZLWKRXW�33&�
(16.2 ± 10.0, P<0.001), and higher ARISCAT PPC score (46.3 ± 
21.2 and 20.2 ±15.3, P<0.001). PRI had an odds ratio of 1.07 (95% 
CI, 1.08 to 1.20), and ARISCAT PPC score had an odds ratio of 
1.09 (CI, 1.06 to 1.14) for developing PPC. We validated sensitivity 
DQG�VSHFL¿FLW\��7KH�DUHD�XQGHU�WKH�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�
(ROC) curve in PRI was 0.81 and those in ARISCAT PPC score 
was 0.85. It was easier to measure ARISCAT PPC score than PRI.

CONCLUSIONS: The incidence of PPC was 8.5% in general 
surgical population, which was similar to the numbers of previous 
studies. PRI and ARISCAT PPC score had a comparable level of 
accuracy, although ARISCAT PPC score was easier to obtain.

REFERENCES:

1. Ann Intern Med 2001; 135: 847-857.

2. Anesthesiology 2010; 113: 1338-50.
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INSERTION OF AN OROGASTRIC TUBE UNDER VISUAL 
GUIDANCE IN ANESTHETIZED PATIENTS. A PILOT 
STUDY

AUTHORS: S. L. Rao

AFFILIATION: Anesthesiology, PennState Hershey Medical 
Center, Hershey, PA

INTRODUCTION: Orogastric tubes (OG) are inserted after 
induction of general anesthesia & after tracheal intubation, as 
standard of care, in patients undergoing abdominal surgery. Insertion 
RI�2*�WXEHV�LQ�DQHVWKHWL]HG�SDWLHQWV�FDQ�EH�GLI¿FXOW�DW�WLPHV��:KLOH�
several techniques are described in the literature to facilitate OG tube 
insertion when routine insertion methods fail, direct visual guidance 
as a primary method has not been reported. We hypothesized that, 
when compared to the conventional blind method of inserting an 
OG tube, insertion of the OG tube immediately following tracheal 
intubation while continuing to visualize the hypopharynx with 
the direct laryngoscope would lead to fewer attempts required for 
its placement & perhaps lead to a reduction in the incidence of 
postoperative sore throat.

METHODS: Following IRB approval, consenting adult patients, 
undergoing elective laparoscopic abdominal surgery were 
randomized to the conventional method or OG tube insertion under 
visual guidance. In this pilot study we compared time required 
for tracheal intubation & OG tube insertion, & rate of successful 
LQVHUWLRQ�RQ�WKH�¿UVW�DWWHPSW��$V�ODU\QJRVFRS\�ZRXOG�EH�SURORQJHG�
to allow insertion of the OG tube we recorded the hemodynamic 
response (heart rate & Blood Pressure) following intubation.

All patients were positioned for tracheal intubation by the same 
anesthesiologist (the author) who also induced anesthesia these 

Table 1 Patient Characteristics

OG tube inserted 
using Conventional 
Method

OG tube 
inserted under 
visual guidance

p-value

Number of patients 30 30

Age in years, mean (SD) 40.6 (11.2) 43.4 (9.0) 0.28

Height in cm, mean (SD) 161 (5.8) 164 (7.4) 0.03

Weight in kg, mean (SD) 74.3 (15.8) 75.8 (17.4) 0.71

Propofol in mg, mean (SD) 170 (30.6) 175 (30.9) 0.55

Rocuronium in mg, mean (SD) 38 (11.5) 35 (10.8) 0.33

Laryngoscopic View during Intubation, 
0RGL¿HG�/HKDQH�	�&RUPDFN�&ODVV

Grade I view 21 16

Grade II & III view 9 14

Time taken for Tracheal Intubation & OG tube insertion

Conventional Method Visual Guidance p-value

Number of patients 30 30

Time to tracheal intubation in seconds, mean (SD) 64.2 (40.5) 56.9 (20.4) 0.39

Time to OG tube insertion in seconds, mean (SD) 61.4 (38.1) 26 (14.3) <0.001

Total time taken for both in seconds, mean (SD) 125.6 (57.1) 82.9 (19.4) 0.0004

Number of patients in whom OG tube was 
VXFFHVVIXOO\�LQVHUWHG�RQ�¿UVW�DWWHPSW

21 30

Number of patients with postoperative hoarse voice 3 4

Number of patients with postoperative sore throat 9 4

patients; while tracheal & OG tube insertions were performed 
by others (residents & CRNAs). Standard IV induction (using 
midazolam, fentanyl, propofol and rocuronium) & tracheal 
intubation techniques (Macintosh Laryngoscope, 18 Fr OG 
tube at room temperature) were used. The time from the start of 
ODU\QJRVFRS\�WR�WUDFKHDO�LQWXEDWLRQ�DV�FRQ¿UPHG�E\�HQG�WLGDO�&2��
detection was time to tracheal intubation. Time from the start of 
OG tube insertion to the suctioning of gastric contents was OG 
tube insertion time. The number of attempts required to insert both 
tubes & quality of laryngeal exposure were noted. All patients were 
interviewed postoperatively within 24 hours or before discharge 
from the hospital about a sore throat or a hoarse voice (rated mild, 
moderate or severe as reported by the patients).

RESULTS: A total of 60 subjects, 30 in each group were studied. 
While the total time taken for insertion of the tracheal & OG tubes 
DUH�VLPLODU������VHFRQGV�YV�����VHFRQGV��� WKH�VXFFHVV�UDWH�RQ�¿UVW�
attempt was substantially different. The OG tube was inserted on the 
¿UVW�DWWHPSW�LQ����RXW�RI����VXEMHFWV�LQ�WKH�FRQYHQWLRQDO�JURXS�	LQ�
30 of 30 subjects in the visual group. The incidence of sore throat 
was greater in the conventional group.

CONCLUSIONS: In anesthetized patients, insertion of an 
RURJDVWULF� WXEH� LV� VRPHWLPHV� GLI¿FXOW� 	� FDQ� UHTXLUH� PXOWLSOH�
attempts. Inserting this OG tube under visual guidance using the 
same direct laryngoscope immediately following tracheal intubation 
is feasible. The process adds a few seconds to conventional 
ODU\QJRVFRS\� ZLWK� WUDFKHDO� LQWXEDWLRQ�� EXW� ZLWKRXW� VLJQL¿FDQW�
hemodynamic perturbations.

REFERENCES:

1.Anesthesiology 1999;91:137-43

2.Anesth Analg 2010; 110:115-8.
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DEVELOPMENT OF A COGNITIVE AID TO IMPROVE 
THE QUALITY OF TRANSITION OF CARE IN CRISIS 
SITUATIONS

AUTHORS: A. Rebel1, P. A. Sloan2, R. Y. Fragneto2, M. F. 
Lukens2, D. Nguyen2, Z. Hassan2, R. M. Schell2

AFFILIATION: 1Anesthesiology / CCM, University of Kentucky, 
Lexington, KY, 2Anesthesiology, University of Kentucky, 
Lexington, KY

BACKGROUND: Effective communication during transition 
of care (ToC) situations is essential since any loss of important 
information during the process can compromise patient care.1,2 Our 
SUHYLRXV� UHVHDUFK� KDV� GRFXPHQWHG� D� VLJQL¿FDQW� ORVV� RI� LPSRUWDQW�
patient information during the ToC process.3 To facilitate the 
acquisition and transfer of important patient information during 
crisis situations, we hypothesize that the use of a cognitive aid 
will improve the quality and safety of the ToC process. This study 
describes the development and assessment of the ToC cognitive aid.

METHODS: Faculty members were asked to participate in the 
project (n=5). We developed 4 different cognitive aids by expert 
opinion and faculty group consensus. Aid 1 provided a minimal 
sketch of medical history headings, while the other aids offered 
advancing assistance to structure the information received during the 
report. Each participant tested every cognitive aid in a randomized 
sequence during a crisis simulated scenario.

SCENARIO: Rapid response patient simulation (PS) scenarios 
were developed by the authors. The study participant leads a rapid 
response team arriving at an unstable patient scenario. A cognitive 
aid is handed to the participant to be used during the scenario. The 
bedside nurse gives essential information and the participant has 
the opportunity to ask for further information. Before proceeding, 
a verbal statement by the confederate ensures that all essential 
information has been transferred. Following the report, the patient 

Ratings of the cognitive aids

Question Aid 1 Aid 2 Aid 3 Aid 4

Ease to use 3.1±1.7 3.1±1.4 4.4±0.6 3.6±0.6

Information organization 3.2±1.6 2.7±0.8 4.0±0.0 2.8±0.5

Quality to receive complete information 2.6±1.5 2.9±1.0 4.0±0.7 3.4±0.9

Quality to transfer complete information 3.4±1.7 3.4±1.1 4.4±0.6 3.5±0.7

deteriorates and requires some additional patient intervention. 
Following stabilization, the participant transports the patient to the 
ICU and then gives a verbal report to the next provider.

After each scenario, the participant assessed the cognitive aids 
using a Likert scale (1=poor; 5=excellent). Study participants rated 
(mean ± SD) each cognitive aid for ease of use and effectiveness of 
data capture, as well as overall best cognitive aid.

RESULTS:

Cognitive aid #3 received the highest scores (Table 1) for ease 
of use, information organization and quality of receiving and 
transferring patient information. Aid #3 was rated as the overall best 
format for use in ToC in crisis management situations.Conclusions:

1)Four different cognitive aids for use in ToC crisis situations were 
developed by faculty consensus. 2) The cognitive aids were rated 
quite differently by faculty during a simulation ToC scenario, with 
Aid #3 (form giving most medical history information headings) 
being the best performer for aiding ToC. 3) Future research using 
simulation scenarios will assess whether use of cognitive aid #3 
during a crisis simulation will reduce loss of patient information 
during ToC.

REFERENCES:

1)  Rebel A et al. Development of a Patient Simulation Experience to 
evaluate the transition of care Process in Crisis Situations. IMSH 
2014.

2)  Landrigan CP et al. Temporal Trends in Rates of Patient Harm 
resulting from Medical Care. N Engl J Med 2010;336:2124-34.

3)  Rebel A et al Loss of Information during transfer of Care: 
preliminary results of a simulation project. PGA NY 2013.
Funded in part by SGEA grant
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MONITORING MINUTE VENTILATION VERSUS 
RESPIRATORY RATE TO MEASURE THE ADEQUACY 
OF VENTILATION IN PATIENTS UNDERGOING UPPER 
ENDOSCOPIC PROCEDURES

AUTHORS: K. Holley1, D. Mathews1, D. Ladd2, P. Georgiadis3, H. 
Minasyan3, A. Shukla3, H. Schapiro1

AFFILIATION: 1Anesthesiology, Fletcher Allen Health Care, 
University of Vermont College of Medicine, Burlington, VT, 
2Nursing, West Virginia University, Morgantown, WV, 3Medicine, 
University of Vermont College of Medicine, Burlington, VT

INTRODUCTION: Endoscopic procedures are generally 
performed under conscious sedation and require careful monitoring 
of respiratory status to prevent adverse outcomes. While oximetry is 
capable of detecting severe adverse events, it is not sensitive enough 
to detect early signs of hypoventilation. EtCo2, while useful, is most 
accurate in stable intubated patients and debate continues about 
the utility of capnography based respiratory rate monitoring for 
endoscopic procedures1. This study utilizes the RMV’s continuous, 
accurate2, real-time measurements of minute ventilation (MV), tidal 
volume (TV) and respiratory rate (RR) to assess the adequacy of 
ventilation during endoscopy.

METHODS: Digital respiratory traces were collected from 51 
patients (age: 54 ± 5 yrs, BMI: 28 ± 2 kg/m2) undergoing upper 
endoscopy using an impedance-based RVM (ExSpiron, Respiratory 
Motion, Inc., Waltham, MA). Baseline MV for each patient 
was derived from a 30 second period of quiet breathing prior to 
sedation (MVBASELINE). MV, TV & RR were calculated from 
30-second segments over the entire stay. All patients were sedated 
with propofol. Capnography data (Smart CapnoLine, Philips, 
Andover, MA) were collected. Because RR from capnography was 
infrequently reported, the RVM RR’s were used for analysis. RR 
rate values were compared the MV measurements and sensitivity 
DQG�VSHFL¿FLW\�RI�55�DV�D�SUHGLFWRU�RI�LQDGHTXDWH�YHQWLODWLRQ��09���
40% MVBASELINE) were calculated.

RESULTS: Initial analysis on all measurements reveals that 
DOWKRXJK�09�LV�D�IXQFWLRQ�RI�55��09 7955��� WKHUH� LV�D�ZHDN�
correlation between an MV measurement and its corresponding RR 
measurement (r=0.05) If MV is an actual indictor of respiratory 
performance, using RR as a proxy is inadequate (Fig 1). Simulating a 
variety of RR alarm conditions (4-8 breaths/min (bpm)) showed that 
a substantial fraction of low MV measurements remain undetected. 
With a RR cutoff of 8 bpm, >70% of all MV measurements < 40% 
MVBASELINE would be missed. Decreasing the RR cutoff to 4 bpm 
misses nearly 90% of MV measurements <40% MVBASELINE (Fig 2). 
A patient alarm based on RR alone (6 bpm) would miss > 82% of 
all instances of low MV (18.2% sensitivity) while < 40% of all RR 
alarms would coincide with a low MV (39.4% PPV, Fig. 3). This is 
not uniform across the cohort (Table 1), and in some patients, a low 
RR coincides with low MV, and in others they occur independently. 
([DPSOH�09�DQG�55�SORWV�IRU�WZR�SDWLHQWV�DUH�VKRZQ�LQ�¿JXUH���

CONCLUSION:� /RZ� 55� PHDVXUHPHQWV� DORQH� GR� QRW� UHÀHFW�
HSLVRGHV�RI�ORZ�09�DQG�DUH�QRW�VXI¿FLHQW�IRU�DFFXUDWH�DVVHVVPHQW�RI�
respiratory status. The relative size of each breath or the amount of 
air moving with each breath is equally critical to assure respiratory 
VXI¿FLHQF\�� &DSQRJUDSK\� UHDGLQJV� DUH� QRW� XQLIRUPO\� DYDLODEOH�
during upper endoscopic procedures, but even if they could 
provide continuous measurement of RR, these may not adequately 
UHÀHFW�UHVSLUDWRU\�VWDWXV��590�SURYLGHV�D�QHZ�ZD\�WR�FROOHFW�09�
measurements which provide more comprehensive data than RR 
DORQH��)XUWKHU�ZRUN�LV�RQJRLQJ�WR�HYDOXDWH�VSHFL¿F�SURWRFROV�IRU�XVH�
of MV data in the endoscopy suite.

REFERENCES:

1. ASGE 2011;

2. Anesth Analg 2013;11:91-100 S-246 • CONTINUED ON NEXT PAGE
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FIRST NATIONAL SURVEY OF PATIENT-CONTROLLED 
ANALGESIA HOSPITAL PRACTICES: GOOD NEWS AND 
BAD NEWS FOR PATIENT SAFETY 

AUTHORS: M. Wong

AFFILIATION: Patient Safety, Physician-Patient Alliance for 
Health & Safety, Lake Forest, IL

OBJECTIVES: Although use of patient-controlled analgesia 
(PCA) reduces the risk of oversedation, The Joint Commission 
Sentinel Event Alert on safe use of opioids in hospitals cautions, 
“While opioid use is generally safe for most patients, opioid 
analgesics may be associated with adverse effects, the most serious 
effect being respiratory depression, which is generally preceded 
by sedation.”

Over the six-year period (June 2004 to May 2010), data collected 
by Pennsylvania Patient Safety Authority revealed approximately 
4,500 reports associated with PCA. Moreover, Food and Drug 
Administration’s (FDA) Manufacturer and User Device Experience 
(MAUDE) database demonstrates PCA-related device events are 
three times as likely to result in injury or death as reports of device 
events involving general-purpose infusion pumps.

Our goal was to benchmark the practices hospitals are using to 
initiate PCA with a patient and to continue to assess that patient’s 
use of PCA.

METHODS: Almost 200 hospitals from 40 states were surveyed 
RQ�WKH�IROORZLQJ�¿YH�DUHDV���D��WUDLQLQJ�DQG�WKH�QHHG�IRU�WUDLQLQJ���E��
patient risk factors and information, (c) initiation and continuation 
of PCA, (d) types of PCA pumps and monitoring used, and (d) alarm 
fatigue. Survey questions were designed with the help of clinicians 
and prominent healthcare organizations familiar with PCA.

CONCLUSIONS: The survey revealed inconsistencies between 
hospital practices and recommendations of key healthcare 
organizations, such as The Joint Commission, Institute for Safe 
Medication Practices, and Anesthesia Patient Safety Foundation. 
.H\� ¿QGLQJV� LQFOXGHG�� �D�� SDWLHQW� ULVN� IDFWRUV� DUH� QRW� DOZD\V�
checked (for example, low body weight is considered only 62.8% 
of the time); (b) while pump settings are double checked 98.1% of 
WKH�WLPH��OLQH�DWWDFKPHQW�LV�RQO\�FRQ¿UPHG���������F��FRQWLQXRXV�
electronic monitoring is not routinely performed (only 60.9% 
monitor all patients with pulse oximetry); and (d) more than one out 
RI�HYHU\�¿YH�KRVSLWDOV�DUH�HLWKHU�QRW�XVLQJ�3&$�SXPSV�WKDW�FRQWDLQ�
safety software and medication libraries, or using such pumps that 
are more than 10 years old.

Questions were also asked about alarm fatigue. Alarm fatigue is an 
issue that about 90% of hospitals are concerned about. The survey 
VKRZV� DODUP� IDWLJXH� LV� LPSDFWLQJ� ZRUN� ÀRZ� DQG� SDWLHQW� VDIHW\��
Although hospitals that continuously electronically monitor their 
patients reported experiencing a reduction in adverse events, costs, 
and expenditures, hospitals would use more monitoring technology 
if alarm fatigue was not an issue. Moreover, when asked what tools 
that would like to have to help manage alarms better, hospitals 
said that would like better tools and training to tackle this issue - 
about 70% would like a single indicator that incorporates multiple 
physiological parameters (like respiratory rate, oxygenation, and 
end tidal C02) and approximately half would like recommendations 
to more easily assess patients.
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GLUCOCORTICOID PRIMING ENHANCES MACROPHAGE 
MIGRATION INTO EXPERIMENTAL WOUND TISSUE IN 
HUMANS

AUTHORS: M. Yeager1, P. Guyre2, P. A. Pioli2

AFFILIATION: 1Anesthesiology, Dartmouth Hitchcock Medical 
Center, Lebanon, NH, 2Physiology, Geisel School of Medicine at 
Dartmouth, Lebanon, NH

INTRODUCTION: Glucocorticoids (GCs) are well known to 
VXSSUHVV� LQÀDPPDWLRQ� DFXWHO\� DQG� WR� VXSSUHVV� LPPXQH� IXQFWLRQ�
(innate and adaptive) chronically when used at pharmacologic 
concentrations. This potent property of GCs has obscured a 
previously recognized immune enhancing effect that can be 
observed after transient exposure to GCs during a period of 
stress1. ‘GC priming’ of innate immunity has recently re-emerged 
as a robust intervention to enhance LQ� YLYR resistance to bacterial 
challenge in animal studies2. Given the continuing clinical problem 
of Surgical Site Infections (SSIs) in humans following elective 
surgery, we examined whether GC priming of the innate immune 
system could be used to enhance leukocyte effector cell (monocyte/
macrophages) entry into a sterile experimental wound in humans, 
thereby potentially reducing the risk for infection.

METHODS: Following IRB approval and written informed 
consent, healthy human volunteers had 4 blisters induced on the 
volar aspect of a single forearm using a commercially available 
negative pressure instrument (Electronic Diversities, Finksburg, 
MD.). The device induces painless dermo-epidermal separation 
through the lamina lucida over 90 minutes3. Blisters were raised on 
Day 1 from 0800 to 0930AM after which the blisters were unroofed 
and each was covered with a sterile 1ml collection chamber 
containing normal saline with or without 10ng/ml human monocyte 
chemoattractant protein 1 (MCP-1). Participants were then given 
a placebo treatment from 1000 to 1600 hours. The following day, 
WKH�FROOHFWLRQ�FKDPEHUV�ZHUH�UHPRYHG�DQG�FROOHFWLRQ�FKDPEHU�ÀXLG�
was examined for leukocyte transmigration into the sterile saline. 
A second set of blisters were placed on the opposite forearm from 
0800-0930 at an interval of from 3 to 10 days. From 1000 to 1600 
hours subjects then received hydrocortisone to raise plasma cortisol 
concentrations to ~40-50 ug/dl.

RESULTS:� 0&3��� VLJQL¿FDQWO\� LQFUHDVHG� PRQRF\WH� LQ¿OWUDWLRQ�
LQWR� EOLVWHU� ÀXLG� LQ� ERWK� SODFHER� DQG� *&� WUHDWHG� LQGLYLGXDOV��
+\GURFRUWLVRQH� WUHDWPHQW� LQFUHDVHG� PRQRF\WH� LQ¿OWUDWLRQ� LQWR�
EOLVWHU�FKDPEHU�ÀXLG�ZLWKRXW�0&3���IURP�DQ�DYHUDJH�RI������[�����
(+/-0.5 SE) cells/ml with placebo treatment to 2.61 x 106 (+/-1.0 
SE) cells/ml with GC treatment. GC treatment increased monocyte 
LQ¿OWUDWLRQ�LQWR�EOLVWHU�FKDPEHU�ÀXLG�ZLWK�0&3���IURP�DQ�DYHUDJH�
of 2.99 x 106 (+/-1.2 SE) cells/ml with placebo treatment to 4.73 x 
106 (+/-1.9 SE) cells/ml with GC treatment. Individual results for 
MCP containing chambers are shown in Figure 1.

CONCLUSIONS:� *&� SULPLQJ� LQFUHDVHV� PRQRF\WH� LQ¿OWUDWLRQ�
LQWR� D� VWHULOH� LQÀDPPDWRU\�ZRXQG� LQ� KXPDQV�� 7KLV� VXJJHVWV� WKDW�
GC priming to enhance LQ�YLYR resistance to bacterial challenge, as 
has been observed in animals, may also be an effective intervention 
in humans.

REFERENCES:

1) J Clin Endocrinol Metab 14;122, 1954.

2) Trends Endocrinol Metabol 24:109-19, 2013

3) J Cutan Path 18;8-12, 1991
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COMPARATIVE CHANGES IN PSYCHOLOGICAL MOOD 
AND STRESS AFTER DAYTIME PRACTICE IN CERTIFIED 
ANESTHESIOLOGISTS AND RESIDENTS

AUTHORS: T. Oshima1, J. Hirashima1, M. Yokota2

AFFILIATION: 1Anesthesiology, Cancer Institute Hospital, 
Tokyo, Japan, 2Anesthesiology, Cancer institute Hospital, 
Tokyo, Japan

INTRODUCTION:�$� VKRUW� IRUP� RI� WKH� 3UR¿OH� RI�0RRG� 6WDWHV�
(POMS) consists of thirty items which load on six different scales: 
tension-anxiety, depression-dejection, anger-hostility, vigor, fatigue, 
and confusion, thereby combining to achieve the mood disturbance 
score (MDS), an aggregate indicator of overall mood. On the other 
hand, salivary alpha amylase (SAA) levels have been suggested as 
a potential indirect marker for sympatho-adrenal-medullary activity 
and a predictor of plasma cathecholamine levels under a variety 
of stressful conditions. In terms of psychological mood and stress, 
ZH� H[DPLQHG� KRZ� GD\WLPH� DQHVWKHWLF� SUDFWLFH� DIIHFWV� FHUWL¿HG�
anesthesiologists and residents, respectively.

METHODS:� )LIWHHQ� FHUWL¿HG� DQHVWKHVLRORJLVWV� DQG� UHVLGHQWV��
respectively, at our department were enrolled in this study. They 
usually took charge of 1 to 3 patients a day in the operating rooms. 
They received two measurements. One was the the mood meaured by 
POMS questionaires at 8:00 and 17:00, and the other was the stress 
assessed by SAA activity at 8:00, 12:00, and 17:00 using COCORO 
MeterTM (NIPRO Co, Osaka, Japan). Data were analyzed by paired 
t-test, or one-way analysis of varience, if appropriate. In all tests, a 
value of p < 0.05 was considered statistically different.

RESULTS:� 'D\WLPH� DQHVWKHWLF� SUDFWLFH� VLJQL¿FDQWO\� GHFUHDVHG�
the scores of tension-anxiety, depression-dejection, anger-hostility, 
DQG�YLJRU� LQ� FHUWL¿HG� DQHVWKHVLRORJLVWV��ZKLOH� RQO\� LQFUHDVLQJ� WKH�
VFRUH� RI� IDWLJXH� LQ� UHVLGHQWV�� +RZHYHU�� WKHUH� ZHUH� QR� VLJQL¿FDQW�
differences in the hourly changes in SAA activity in both of 
the groups.

CONCLUSIONS: Daytime anesthetic practice decreases tension-
DQ[LHW\��GHSUHVVLRQ�GHMHFWLRQ��DQJHU�KRVWLOLW\��DQG�YLJRU�LQ�FHUWL¿HG�
anesthesiologists, while increasing fatigue in residents.

S-250

S-250.
PHENOTYPIC VARIATION IN ANESTHESIA WORK AREA 
S. AUREUS TRANSMISSION

AUTHORS: J. C. Peters1, R. W. Loftus1, N. W. Shworak2,  
H. M. Patel1

AFFILIATION: 1Anesthesiology, Dartmouth Hitchcock Medical 
Center, Lebanon, NH, 2Medicine, Pharmacology and Toxicology, 
Dartmouth Hitchcock Medical Center, Lebanon, NH

INTRODUCTION: Health care associated infections (HCAIs) are 
a leading cause of morbidity in hospitals today. Previous work has 
demonstrated that bacteria from reservoirs in the anesthesia work 
area (AWE) explain at least 30% of 30-day postoperative infections. 
Further, certain phenotypes/ strain characteristics of AWE 
EDFWHULDO� LVRODWHV� OHDG� WR� LQFUHDVHG�YLUXOHQFH�GH¿QHG�E\� LQFUHDVHG�
transmissibility, antibiotic resistance, and/or infection development. 
Our group has recently shown that patients exposed to the hospital 
ward are more likely than anesthesia provider hands or the anesthesia 
work area environment to harbor one of these more virulent S. 
aureus phenotypes. In this study, we sought to identify potential 
genetic mechanisms explaining this variability. We hypothesize 
that this information can lead to improved intraoperative infection 
control.

METHODS: All 6�� DXUHXV isolates obtained from a multicenter 
study involving three academic medical centers were processed 
for DNA extraction. These samples included 24 patient, 87 
provider hand, and 30 environmentally-derived isolates. Total 
genomics analysis was conducted on a randomly selected subset of 
methicillin-resistant and methicillin-sensitive organisms. This led to 
LGHQWL¿FDWLRQ�RI�D�QRYHO�SODVPLG�FRQWDLQLQJ�D�TDF�JHQH��DQ�XSVWUHDP�
enhancer element, and a protein of unknown function. While 
WKH� TDF� JHQH� KDG� EHHQ� SUHYLRXVO\� LGHQWL¿HG� DV� D� JHQHWLF� UHJLRQ�
FRGLQJ� IRU� ELRFLGH� UHVLVWDQFH� YLD� DQ� HIÀX[�PHFKDQLVP�� LQFOXGLQJ�
chlorhexidine, the combination of the qac gene, enhancer element, 
and protein was unique. Polymerase chain reaction analysis was 
utilized to screen for the presence of this plasmid across all 6��DXUHXV�
isolates. In addition, patient and provider hand-derived 6�� DXUHXV�
isolates were subjected to various concentrations of chlorhexidine 
in order to compare the degree of chlorhexidine resistance. Fisher’s 
exact and Student’s T-Test were utilized to compare rates of plasmid 
positivity and chlorhexidine resistance, respectively.

RESULTS: The plasmid was more likely to be associated with the 
more virulent patient-derived phenotype than all other phenotypes 
(RR 9.5, 95% CI 1.67-53.9, p=0.018). The patient-derived 
phenotype was more resistant to chlorhexidine than the provider-
hand derived phenotype with a 2.6 fold increase in colony forming 
units (CFUs) at a 10-2concentration, p<0.001.

CONCLUSIONS: This work partially explains increased 6��DXUHXV�
virulence and the biology of S. aureus transmission in the anesthesia 
work area environment. These results may help to develop novel 
screening tools for more virulent S. aureus strains and/or to develop 
new targets for antibiotic and disinfection therapy.

REFERENCES:

Anesthesia and Analgesia. 114(6):1236-48. 2012
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ADD-ONE ASA CLASS: REDEFINING THE ASA 
CLASSIFICATION SYSTEM TO FORMALLY 
INCORPORATE FUNCTIONAL DEPENDENCE TO BETTER 
PREDICT POSTOPERATIVE MORTALITY 

AUTHORS: O. Visnjevac, S. F. Davari Farid, J. Lee, L. Pourafkari, 
N. D. Nader

AFFILIATION: Anesthesiology and Pain Medicine, State 
University of New York: Buffalo, Buffalo, NY

INTRODUCTION: The American Society of Anesthesiologists 
�$6$�� SK\VLFDO� VWDWXV� FODVVL¿FDWLRQ� UHPDLQV� RQH� RI� WKH� PRVW�
VLJQL¿FDQW� SUHGLFWRUV� RI� SUHRSHUDWLYH� PRUELGLW\� DQG� PRUWDOLW\��
but does not formally incorporate patients’ functional capacity - 
D� YDULDEOH� UHSHDWHGO\� LGHQWL¿HG� WR� EH� DQ� LQGHSHQGHQW� SUHGLFWRU� RI�
mortality in subsets of the general population.1 Our objective was 
to assess whether patients’ functional capacity was an independent 
predictor of 30-day and long-term mortality in a general population 
providing evidence to assess weather it should be formally 
LQFRUSRUDWHG�LQWR�WKH�URXWLQH�$6$�FODVVL¿FDWLRQ�V\VWHP�

METHODS: All data were extracted from the Veterans Affair 
Surgical Quality Improvement program (VASQIP), a perioperative 
prospectively maintained computerized database. Patients were 
UHFODVVL¿HG�LQWR�VXEJURXSV�³$´�RU�³%´�LQ�DGGLWLRQ�WR�WKHLU�$6$�FODVV��
with “A” representing patients who were functionally independent 
to perform activities of daily living and “B” representing partially 
or fully dependent patients. In this database, mortality data (primary 
outcome) was reliably available for all patients up to a 120-month 
follow-up period.

ASA Class-Subclass Odds Ratios for Mortality

ASA Class-Subclasses Being Compared Odds Ratio 95% C.I. P-value

1/2A 0.18 0.10-0.31 <0.0001

2A/2B 0.14 0.09-0.22 <0.0001

2B/3A 1.92 1.23-2.99 0.004

3A/3B 0.29 0.25-0.33 <0.0001

3B/4A 1.29 1.06-1.57 0.0099

4A/4B 0.5 0.40-0.63 <0.0001

4B/5 2.03 1.06-3.91 0.034

RESULTS AND MAJOR FINDINGS: 12,345 patients were 
assessed. Kaplan-Meier and multivariate analyses indicated that 
ERWK����GD\�DQG�ORQJ�WHUP�PRUWDOLW\�ZHUH�VLJQL¿FDQWO\�KLJKHU�IRU�
each ASA class’ “B” patients compared to their “A” counterparts. 
,QWHUHVWLQJO\��RGGV�UDWLRV�IRU�PRUWDOLW\�ZHUH�VLJQL¿FDQWO\�KLJKHU�IRU�
each ASA class’ “B” patients when compared to the subsequent 
higher ASA class’ “A” patients, indicating improved survival in the 
higher class’ “A” patients.

CONCLUSION: Functional capacity was a strong independent 
predictor of 30-day and long-term survival for each ASA class, 
indicating that it should be incorporated into the routine preoperative 
evaluation. With an exception of ASA 5 patients, functionally 
dependent patients’ ASA classes should be increased by 1 class-
SRLQW�WR�EHWWHU�UHÀHFW�WKHLU�SHULRSHUDWLYH�ULVN�

REFERENCES:

1.  Dosluoglu HH, Wang J, Defranks-Anain L, Rainstein M, 
1DGHU� 1'�� $� VLPSOH� VXEFODVVL¿FDWLRQ� RI� $PHULFDQ� 6RFLHW\�
of Anesthesiology III patients undergoing peripheral 
revascularization based on functional capacity. Journal of 
vascular surgery. 2008;47:766-772; discussion 722-763.
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TOO MANY COOKS IN THE KITCHEN? A COHORT STUDY 
OF ANESTHESIA PROVIDER VOLUME AND RISK OF 
POSTOPERATIVE COMPLICATIONS

AUTHORS: J. A. Hyder1, J. K. Bohman1, D. J. Kor1, A. 
Subramanian1, E. A. Bittner2, B. J. Narr1, V. M. Montori3

AFFILIATION: 1Anesthesiology, Mayo Clinic, Rochester, MN, 
2Anesthesia, Critical Care and Pain Medicine, Massachusetts 
General Hospital, Boston, MA, 3Endocrinology, Mayo Clinic, 
Rochester, MN

INTRODUCTION: In an anesthesia care team, a patient 
undergoing surgery may receive anesthesia care from several 
providers. The safety of this model, involving multiple transitions of 
care, has not been evaluated. We tested if the number of anesthesia 
provideres involved in an operation was associated with the 30-day 
risk of postoperative complication.

METHODS: A cohort study of surgical patients in an academic 
tertiary care center with a stable anesthesia care team model 
participating in the American College of Surgeons - National 
Surgical Quality Improvement Program (ACS-NSQIP).

RESULTS:� :H� LGHQWL¿HG� ���� SDWLHQWV� ZKR� XQGHUZHQW� HOHFWLYH�
colectomy with comparable surgical intensity. In all, 71 (7.7%) 
patient had major nonfatal complications and 7 (0.7%) died. 
One anesthesiologist provided all care for 530 (57%) patients, 
two anesthesiologists for 287 (31%) and three or more for 110 
(12%). Number of attending anesthesiologists was associated 
with increased risk of postoperative complication (unadjusted 
OR=1.52, 95%CI 1.18-1.96; p=0.0013; adjusted OR 1.44, 95%CI 
1.09-1.91; p=0.0106). Similarly, associations were found for 
increasing number of in-room anesthesia residents and nurse 
anesthetists (adjusted OR=1.39, 95%CI 1.01-1.92; p=0.0446) 
and for all anesthesia providers (adjusted OR=1.58, 95%CI 1.20-
2.08; p=0.0012). Findings were robust across multiple alternative 
adjustments, exclusions and sensitivity analyses.

CONCLUSION: In our study, care by additional anesthesia 
providers was independently associated with an increased risk 
RI� SRVWRSHUDWLYH� FRPSOLFDWLRQV�� 7KHVH� ¿QGLQJV� FKDOOHQJH� WKH�
assumption that anesthesia transitions are care-neutral and not 
contributory to surgical outcomes.
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EFFECT OF PREOPERATIVE ORAL HYDRATION AND 
CARBOHYDRATE LOAD ON GASTRIC VOLUME AND PH 
IN PATIENTS AWAITING SURGERY

AUTHORS: S. L. Rao1, J. A. Baer1, N. Rajan2

AFFILIATION: 1Department of Anesthesiology, PennState 
Hershey Medical Center, Hershey, PA, 2Anesthesiology, Penn State 
Hershey Medical Center, Hershey, PA

INTRODUCTION: Patients were typically fasted for 6 to 8 
hours prior to elective surgery in order to reduce the likelihood 
of pulmonary aspiration of gastric contents during induction of 
anesthesia. The critical values for volume & pH of the aspirate 
traditionally have been 25 ml & 2.5 respectively. The practice of 
preoperative fasting to decrease the risk of aspiration continues 
WRGD\� GHVSLWH� OLWHUDWXUH� VXSSRUWLQJ� WKH� EHQH¿WV� RI� FOHDU� OLTXLGV��
ASA Guidelines recommend an 8-hour fast from fatty foods, & 
allow clear liquids up to 2 hours before surgery. Our goal was to 
GHWHUPLQH� WKH� HIIHFW� RI� SUHRSHUDWLYH� LQJHVWLRQ� RI� D� VSHFL¿F� FOHDU�
liquid, a nutritional supplement, Nestlé Resource Breeze™, on the 
gastric volume & pH of patients awaiting elective laparoscopic 
gynecologic surgery & compare it to those who underwent standard 
preoperative fasting.

METHODS: In this pilot study, sixty adult patients, who consented 
to participate were studied in an academic hospital over a 2 month 
period. It as an open label study & patients were not randomized 
to either group. While 30 patients (controls) received standard 
preoperative fasting instructions, fasting from solid food after 
midnight prior to surgery, 30 study patients were instructed to 
drink the clear liquid 2 hours before their scheduled time of surgery 
(usually just before arriving to the hospital). The liquid was Nestlé 
Resource Breeze (Nestle HealthCare Nutrition, Inc., NJ). One 8 
oz. serving (237 ml) contains 9 grams of protein as amino acids 

Table 1: Gastric Volume & pH, Fed vs. Fasting

Parameter Study patients- 
given Breeze (n=30)

Control patients- 
fasting (n=30)

Time since last meal in hours, mean (SD) 4.19 (1.49) 13.21 (4.67)

Oral famotidine with famotidine without famotidine with famotidine without famotidine

Number of patients (famotidine) 28 2 16 14

Time since famotidine in hours, mean (SD) 4.07 (4.68) 5.50 (5.33)

Number of patients in whom gastric volume was 
suctioned

23 2 15 14

Gastric volume in ml, mean (SD) 12.39 (13.42) 8 (5.65) 9.94 (12.80) 23.07 (15.34)

Number of patients with gastric volume > 25 ml 5 0 2 8

Gastric pH, mean (SD) 3.48 (1.62) 3 (2.83) 4.13 (1.30) 1.71 (1.27)

Table 2: Oral Famotidine and Trend of Gastric pH

No. of patients in whom gastric aspirate was 
zero & pH could not be measured

Study patients, Fed5 Control patients, 
fasting1

Famotidine taken night before surgery 3 4

Famotidine taken morning of surgery 5 5

Famotidine given in the preoperative holding 
area

20 7

did not receive famotidine 2 14

Gastric pH 6 11 10

Gastric pH 4 3 3

Gastric pH 3 2 2

Gastric pH 2 4 4

Gastric pH 1 5 10

(protein source is whey isolate) & 250 Calories (86% carbohydrate, 
14% protein, 0% fat). The liquid was being dispensed to patients 
by their gynecologic surgeon at the time of scheduling surgery, as 
one element of an IRB approved ERAS pathway. Patients were also 
instructed to take famotidine prior to their arrival to the hospital. 
Gastric volume & pH were assessed in both groups. Following 
induction of anesthesia & tracheal intubation, once a multi-
RUL¿FHG�RURJDVWULF�WXEH�KDG�EHHQ�LQVHUWHG��WKH�JDVWULF�FRQWHQWV�ZHUH�
suctioned into a syringe & its volume was measured using a 70 
mL Toomey syringe (Bard Medical Covington, GA). Its pH were 
estimated with a Gastroccult Test (Beckman Coulter Inc, Brea, CA).

RESULTS: In patients who had ingested Nestle Breeze & received 
famotidine the mean gastric volume was 12.39 ml (SD 13.42) 
with a pH of 3.48 (1.62). In contrast, in patients who fasted the 
mean gastric volume & pH were 23.07 ml (SD 15.34) & 1.71 
(1.27) respectively while those who had received oral famotidine 
in addition had a lower gastric volume of 9.94 ml (12.80) with a 
higher pH of 4.13 (1.30) .

DISCUSSION: A clear liquid oral nutritional supplement, given 2 
hours prior to elective surgery, did not increase gastric volume or 
decrease pH over the traditional practice of fasting. We propose that 
LW�LV�DQ�HI¿FLHQW�ZD\�RI�VDIHO\�SURYLGLQJ�QXWULHQWV�WR�IDVWLQJ�SDWLHQWV�
awaiting surgery.

REFERENCES:

1. Br J Anaesth 1999; 83: 453-60

2. Anesth Analg 1974; 53: 859-68.

3. Cochrane Reviews 2003, Issue 4. Art. No.: CD004423.

4. Anesthesiology 2011; 114:495-511

5. Can J Anaesth. 1989 Jan; 36(1):51-4.
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USE OF ULTRASOUND FOR PEDIATRIC CAUDAL BLOCKS 
IN A RESIDENCY TRAINING PROGRAM

AUTHORS: D. A. Schwartz1, P. Prasanna1, A. Begley1, C. Gibson1, 
M. Whitney2, R. Dirienzo2, N. R. Connelly1

AFFILIATION:1Department of Anesthesiology, Baystate Medical 
&HQWHU�� 6SULQJ¿HOG��0$�� 2Division of Nursing, Baystate Medical 
&HQWHU��6SULQJ¿HOG��0$

INTRODUCTION: Ultrasound can assist in the placement of 
caudal blocks1,2. Some in our department began using ultrasound 
as a caudal teaching tool for resident trainees in 2008. Anecdotal 
feedback indicated that children receiving caudal blocks with 
ultrasound appeared more comfortable than those without. We 
conducted a retrospective chart review to see if caudal blocks 
done by anesthesia residents under ultrasound guidance resulted in 
improved analgesia, looking at opioid administration as a measure 
of caudal quality.

METHODS: After IRB approval the medical records of children < 
7 years who underwent a circumcision requiring general anesthesia 
at our hospital between 2008 and 2012 were reviewed. Excluded 
were combined procedures, penile reconstructions, and cases where 
the caudal was not performed by a resident. In the ultrasound group, 
LGHQWL¿FDWLRQ�RI� WKH�VDFUDO�KLDWXV�DQG�FRQ¿UPDWLRQ�RI�VDFUDO�FDQDO�
ÀRZ�LQ�WKH�WUDQVYHUVH�SODQH�ZDV�FDUULHG�RXW��VHH�LPDJHV���)HQWDQ\O�
dosing was at the discretion of anesthesia during surgery and PACU 
nurses postoperatively. Data collected included ultrasound use; 
bupivacaine dose and volume; caudal clonidine use; intra, post and 
total narcotic administered. Statistical analysis was accomplished 
XVLQJ�WKH�XQSDLUHG�W�WHVW��3��������ZDV�FRQVLGHUHG�VLJQL¿FDQW�

RESULTS: A total of 131 charts were reviewed, 70 with ultrasound 
(+US) and 61 without (-US). Mean age was 45.9 months. Mean 
bupivacaine dose and volume was 1.7 mg/kg and 0.86 ml/kg for 
+US and 1.9 mg/kg (p=0.005) and 0.92 ml/kg (p=0.017) for -US. 
Clonidine (clon) was used in 51 of 70 +US and 19 of 61 -US. 
Intraoperative, postoperative and total fentanyl doses were 0.12, 
0.05 and 0.29 mcgs/kg for +US and 0.36 (p=0.0006), 0.13 (p=0.087) 
and 0.49 mcg/kg (p=0.25) for -US. When correcting for clonidine 
use (+US/+clon vs -US/+clon and +US/-clon vs -US/-clon) +US 
IHQWDQ\O�GRVLQJ�UHPDLQHG�VLJQL¿FDQWO\�OHVV�

CONCLUSIONS: Our data suggests that in children getting a 
caudal block for circumcision by a resident trainee, ultrasound use 
resulted in lower opioid requirements. The ultrasound group used 
clonidine more frequently and this may account in part for the 
difference. However, when correcting for clonidine use, fentanyl 
administration was still lower when ultrasound was used. We 
hypothesize that seeing the injectate within the sacral canal with 
ultrasound correlates with a higher quality caudal block. The 
retrospective nature of our study cannot control for certain variables 
such as intra-op opioid administration which may not always be in 
UHVSRQVH�WR�D�SHUFHLYHG�SDLQIXO�VWLPXOXV��EXW�UDWKHU�UHÀHFW�LQGLYLGXDO�
practice. Liu, et al. described improvements in pediatric caudal 
blocks when using ultrasound including less puncture attempts 
and a higher overall success rate3. We believe that ultrasound is an 
invaluable caudal teaching tool for resident trainees in identifying 
VDFUDO� ODQGPDUNV� DQG� FRQ¿UPLQJ� FRUUHFW� SODFHPHQW�� 2XU� VWXG\�
suggests that caudal quality may improve with ultrasound use.

REFERENCES:
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THE USE OF KETOROLAC FOR POSTOPERATIVE 
ANALGESIA IN CHILDREN UNDERGOING MYRINGOTOMY 
AND PLACEMENT OF EQUALIZATION TUBES

AUTHORS: M. Phillips1, T. Nguyen2, H. Lam3, T. Austin4

AFFILIATION:1Medical School, Lincoln Memorial University, 
Cumberland Gap, TN, 2Anesthesiology, Monroe Carell Childrens 
Hospital, Nashville, TN, 3Anesthesiology, Vanderbilt University 
Medical Center, Nashville, TN, 4Anesthesiology, Vanderbilt 
University, Nashville, TN

BACKGROUND: Bilateral myringotomy with placement of 
pressure equalization tubes (BMT) is one of the most common 
outpatient surgical procedures in children1. Despite the brief 
duration of the procedure, postoperative analgesia is normally 
required. More than 70% of children undergoing BMT who do not 
receive preoperative analgesics will require pain medication in the 
early postoperative period2. At our institution, BMT is most often 
performed without IV cannulation. Therefore, pain relief by an 
alternate route is needed, which normally occurs by the intranasal 
(IN) or intramuscular (IM) routes. This retrospective study 
FRPSDUHV� WKH� HI¿FDF\� RI� DGGLQJ� ,0� NHWRURODF� WR� ,1� IHQWDQ\O� LQ�
pediatric patients undergoing BMT. Outcomes to be studied include 
total post-anesthesia care unit (PACU) time, need for additional pain 
medication, and postoperative nausea and vomiting.

METHODS: A retrospective cohort of pediatric patients who 
XQGHUZHQW� ¿UVW�WLPH� DPEXODWRU\� %07� DW� 9DQGHUELOW� &KLOGUHQ¶V�
Hospital from 2008 to 2013 was analyzed. Patients who received 
only IN fentanyl for postoperative analgesia were propensity 
matched to patients who received both IN fentanyl and IM 
NHWRURODF� EDVHG� RQ� DJH�� ZHLJKW�� JHQGHU�� DQG�$6$� FODVVL¿FDWLRQ��
A caliper width of 0.01 was utilized for the matching. Population 
characteristics and univariate analyses were examined using the 
Student t-test with or without Welch’s correction, Wilcoxon Rank 
Sum test, or Fisher exact test, as appropriate for the distribution of 
the data. Analysis of covariance (ANCOVA) was then performed to 
further analyze predictors of PACU times in this population. Lastly, 
logistic regression was performed with need for additional analgesia 
DV�WKH�UHVSRQVH�YDULDEOH�DQG�D�PRGL¿HG�VWHSZLVH�VHOHFWLRQ�ZDV�XVHG�
WR�¿W�WKH�UHJUHVVLRQ�PRGHOV��$OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�SHUIRUPHG�
using SAS software (version 9.3, SAS Institute, Inc., Cary, NC). P < 
�����ZDV�FRQVLGHUHG�VWDWLVWLFDOO\�VLJQL¿FDQW�

RESULTS: 136 patients were included in each group in this 
analysis. Population characteristics were similar in both groups 
(Table 1). Average total PACU time was 39.6 min in the fentanyl/
ketorolac group and 40.7 min in the fentanyl group (P value = 
�������� 8VLQJ� $1&29$�� WKH� RQO\� YDULDEOHV� WKDW� VLJQL¿FDQWO\�
affected PACU time were nausea and intraoperative time. Nine 
patients (6.6%) in the fentanyl group received additional analgesics 
compared to two patients (1.4%) in the fentanyl/ketorolac group (P 
value = 0.061). There was no difference in nausea between the two 
JURXSV��¿YH�SDWLHQWV�LQ�HDFK�JURXS��

CONCLUSIONS: This analysis shows that there may be no 
DGGLWLRQDO�EHQH¿W�RI�DGGLQJ� ,0�NHWRURODF� WR� ,1� IHQWDQ\O� IRU�¿UVW�
time BMTs in terms of PACU time, need for additional analgesics, 
and postoperative nausea. Ultimately, a larger sample size is needed 
to provide more power to our analysis.

REFERENCES:

1. Anesthesia & Analgesia 92.5 (2001): 1164-1168.

2. Canadian journal of anaesthesia 39.7 (1992): 649-654.

Table 1 - Demographics

Characteristic Fentanyl + 
Ketorolac (N = 136) 

Only Fentanyl
(N = 136) 

P value

Age (years) 2.43 ± 2.1 2.28 ± 2.1 0.54

Weight (kg) 13.9 ± 6.7 13.5 ± 6.7 0.64

Male/Female 75/62 (55.1%) 82/54 (60.3%) 0.46

ASA class 
(2/1)

91/45 (66.9%) 104/32 
(76.5%)

0.11
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ULTRASOUND-GUIDED THORACIC PARAVERTEBRAL 
BLOCK CATHETER EXPERIENCE IN TWO NEONATES 

AUTHORS: M. Thompson1, B. Haynes2

AFFILIATION:1Anesthesiology/Surgery, Covenant Children’s 
Hospital, Lubbock, TX, 2Neonatology, Covenant Children’s 
Hospital, Lubbock, TX

INTRODUCTION: Use of thoracic paravertebral block (TPVB) 
as single injection, or landmark based catheter placement in 
pediatric patients has literature support, including a recent report 
of 60 infants aged 1-24 months randomized to thoracic epidural 
or landmark based TPVB catheter placement showing equivalent 
analgesia and reduced side effects.1 Since its description in 2009, 
ultrasound-guided TPVB catheter placement reports in adults 
have proliferated. Reports of ultrasound-guided TPVB in pediatric 
patients are sparse.2 No report exists of an ultrasound guided TPVB 
catheter being placed in the neonatal period, although extrapleural 
placement under direct visualization was described.3

METHODS: Retrospective chart review of a series of two neonates 
XQGHUJRLQJ� WUDFKHRHVRSKDJHDO� ¿VWXOD� �7()�� UHSDLU� ZKRVH� SDLQ�
was managed with ultrasound-guided TPVB catheters for 4-5 
days. Block catheters were placed after skin closure while still 
in thoracotomy position. A SonoSite S Series™ machine and 13-
6MHz 6 cm linear probe were used in an oblique intercostal viewing 
pattern with lateral to medial in-plane needle path similar to the 
initial description by Renes.4 Catheters were secured with 2-octyl 
cyanoacrylate (Dermabond®), Mastisol® (Ferndale IP Inc.) and 
Tegaderm™ (3M, St Paul, MN, USA). Catheters were bolused with 
2 ml 2% 2-Chlorprocaine in the operating room. Ropivacaine was 
diluted to 0.08% and infusion dose was calculated at 0.2 mg/kg/hr5 
which yielded an infusion rate of ~0.25 ml/kg/hr. Infusions ran for 
4-5 days.

RESULTS AND MAJOR FINDINGS: Ultrasound-guided TPVB 
catheters were successfully placed in both neonates. Local anesthetic 
LQIXVLRQV�ZHUH�DEOH�WR�SURYLGH�VXI¿FLHQW�DQDOJHVLD�WR�DYRLG�FRQVWDQW�
infusions of narcotics or sedatives. Morphine equivalent usage on 
postoperative day #1 was 0.6-1.1 mg/kg-1, and 0.48-0.6 mg/kg-1 on 
the second postoperative day. Prolonged wean from PRN narcotic 
and benzodiazepine dosing was not required in either neonate.

CONCLUSIONS: Ultrasound-guided TPVB catheter placement 
LQ� QHRQDWHV� PD\� RIIHU� VLJQL¿FDQW� DGYDQWDJHV� RYHU� IHQWDQ\O� DQG�
benzodiazepine continuous infusions. Dilute concentrations are 
required to infuse adequate volume to maintain a successful block. 
The rapid plasma esterase metabolism of 2-chloroprocaine may be 
considered for an alternative infusion to allow a higher volume of 
infusion.6 Absence of methadone wean or benzodiazepine taper 
may be a useful outcome measure for effectiveness of analgesic 
interventions in neonates.

REFERENCES:

1. El-Morsy GZ et al., Ann Cardiac Anaesth 2012;15:259-263

2. Boretsky K et al., Pedi Anesth 2013;23:1193-1198

3. Cheung SLW et al., Br J Anaesth 1997;79:9-13

4. Renes SH et al., Reg Anesth & Pain Med 2010; 35:212-216

5. Bosenberg AT et al., Pedi Anesth 2005;15:739-749

6. Henderson K et al., J Clin Anesth 1993;5:129-133



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-258

S-258.
WITHDRAWN.



ANESTH ANALG
2014; 118; S-1 – S-319

ABSTRACTS

©International Anesthesia Research Society. Unauthorized Use Prohibited. 

S-259

S-259.
DOES DEXMEDETOMIDINE CAUSE LESS AIRWAY 
COLLAPSE THAN PROPOFOL WHEN USED FOR DEEP 
SEDATION

AUTHORS: C. Heard1, S. Watt1, R. Hegazy1, P. Gupta2, V. Iqbal2, 
A. Sabouri3

AFFILIATION: 1Pediatric Anesthesiology, Women & Children’s 
Hospital of Buffalo, Buffalo, NY, 2Pediatric Radiology, Women 
& Children’s Hospital of Buffalo, Buffalo, NY, 3Anesthesiology, 
Massachusetts General Hospital, Boston, NY

INTRODUCTION: Dexmedetomidine (DEX) is a new sedation 
agent that has the advantage of causing less respiratory depression 
than most of the other sedatives. In a small non randomized, 
retrospective review of MRI images from patients who underwent 
MRI scan using either propofol or dexmedetomidine sedation, 
there appeared to be a trend towards less airway collapse in the 
dexmedetomidine group.

There has also been an increased interest in using DEX for deep 
sedation in those patients with obstructive sleep apnea. Some results 
IURP�05,�LPDJLQJ�VXJJHVW�WKDW�WKHUH�PD\�EH�D�EHQH¿W�RI�'(;�LQ�
this group of patients.

The aim of this study was to compare airway patency between 
Propofol (PROP) and DEX from images obtained from the MRI 
using previously described methods of assessing the airway 

METHODS: After IRB approval and FDA IND (#111330) with 
informed consent, we plan to enroll 40 children, ages three to seven 
into our study that meet the inclusion criteria (ASA 1 or 2, elective 
MRI of head under anesthesia, no allergy to study medications, 
do not require intubation, no cardiac history not on treatment 
for ADHD)

After routine monitors are applied an inhalational induction using 
���VHYRÀXUDQH�LQ�����R[\JHQ�ZLWK�QLWURXV�R[LGH�ZLOO�EH�SHUIRUPHG��
Once consciousness is lost, intravenous access will be established. 
Then supplemental oxygen will be delivered at 2 l/m through one 
VLGH�RI�WKH�EDIÀHG�QDVDO�SURQJV�ZLWK�VLGHVWUHDP�FDSQRJUDSK\�

Patients will then receive either (as per randomization) DEX in a 
1 mcg/kg bolus followed by a 1 mcg/kg/hr infusion with a bolus 
of 0.1 mg/kg midazolam at after load completed or a load of 300 
mcg/kg/min of PROP over ten minutes followed by a 250 mcg/kg/
min infusion.

The baseline MRI images are obtained (prior to patient receiving 
WKH�VWXG\�GUXJ�LQIXVLRQV���$�VDJLWDO�VFRXW�¿OP��DQ�D[LDO�63*5�DQG�
��&,1(� VHTXHQFHV� �¿JXUH� ����7KHVH� LPDJHV� DUH� WKHQ� UHSHDWHG� ���
minutes later during the study drug infusion for comparison.

Our study will calculate the airway patency using a volume model 
calculated from the SPGR image and an assessment of airway 
collapse from the CINE images.

After the conclusion of the MRI scans patients will then be 
immediately tested by a blinded observer to determine what their 
level of sedation is as determined by the Ramsey sedation score, The 
RS will also be assessed on entry into the PACU.

RESULTS: We have recruited 30 patients so far (overall 
demographics - Table 1). The mean age was 4.9 years. Most of the 
scans were for MRI of the brain. All of the patients so far were 
males. Patient 4 data will not be analyzed as before the study drug 
was started the child required intubation, due to excessive head 
movement. The randomization code has not been accessed yet and 
image analysis has yet to be completed.

CONCLUSION:

Both sedation methods were effective, except for movement issues 
in case 4, no side effects were noted. Image analysis is pending.

S-260

S-260.
MALADAPTIVE BEHAVIOR CHANGES IN PRE-SCHOOL 
AGE CHILDREN AFTER AMBULATORY SURGERY

AUTHORS: L. Lopata1, Y. Cai1, J. Busse1, M. Monteleone1, M. 
Huang1, S. Wang2, L. Sun3

AFFILIATION: 1Department of Anesthesiology, Columbia 
University, New York, NY, 2Department of Biostatistics, Columbia 
University, New York, NY, 3Department of Anesthesiology & 
Pediatrics, Columbia University, New York, NY

INTRODUCTION: Postoperative maladaptive behavioral changes 
(PMBC) after anesthesia and surgery are common in children, 
and may be related to young age, preoperative anxiety, child 
temperament, ethnicity and postoperative pain1,2. In our study, we 
determined the incidence of PMBC in pre-school age children, 
assessed the role of age, gender, surgery type and medication 
compliance. We also examined if the type of insurance, as a 
surrogate indicator of socioeconomic status (SES), affected PMBC, 
since SES is known to affect neurodevelopment in children3.

METHODS: This study was approved by the Institutional Review 
Board, and informed consent was obtained. Male and female 
ASA PS 1 and 2 patients pre-school age children (1-6 years old) 
with English-speaking parents, scheduled for ambulatory surgery 
(Amb Surg) in GU, general surgical, orthopedic, plastic, and ENT 
procedures were recruited. Parental interviews were conducted at 
48 hours and two weeks postoperatively using the Post-Hospital 
Behavior Questionnaire (PHBQ). Parents assigned a score of 1-5 
WR� HDFK� LWHP� DQG� 30%&�ZDV� GH¿QHG� DV� RQH� RU�PRUH� VFRUHV� �� ��
on PHBQ. Pain was assessed using Faces Pain Scale (FPS) and 
Parents Postoperative Pain Measure (PPPM). A score >0 in either 
FPS and/or PPPM was considered to be reporting pain (PainReport) 
DQG����ZDV�FOLQLFDOO\�VLJQL¿FDQW�SDLQ��F�R�SDLQ���,QVXUDQFH�W\SH�ZDV�
divided into: (1) Medicaid or uninsured, and (2) insurance of any 
NLQG��0HGLFDWLRQ�FRPSOLDQFH�ZDV�GH¿QHG�DV�SDWLHQWV�ZKR�IROORZHG�
the discharge instructions for use of any pain medication. Poisson 
regression analysis of pain scores and PMBC was performed and 
3������ZDV�GHHPHG�VLJQL¿FDQW�

RESULTS: 146 patients, 53 females and 93 males, were included 
in the study ages 49± 19.7 months (means ±SD). At 48 hours, 
73% had PainReport and 55 % had PMBC. At two weeks, 20% 
had PainReport but only 8% c/o pain , and 16% continued to have 
PMBC. There was no correlation between PMBC with age or 
insurance status. Compared to ENT surgery, orthopedic surgery was 
more associated with PMBC both at 48 hours and at two weeks. 
Female gender was associated with an increased occurrence of 
PMBC at 48 hours, but not at two weeks. Medication compliance 
was correlated with PMBC only at two weeks and not at 48 hours 
�S�������� ,QVXUDQFH� W\SH�ZDV�QRW�D� VLJQL¿FDQW� IDFWRU� LQ�30%&�DW�
either 48 hours or two weeks.

CONCLUSION: Our study showed that two weeks following 
$PE�6XUJ��30%&�LV�PRUH�FRPPRQ�WKDQ�FOLQLFDOO\�VLJQL¿FDQW�SDLQ��
Incidence of PMBC of pre-school age Amb Surg patients in our 
study was similar as reported in children over a wider age range4, 
EXW�ZH�GLG�QRW�¿QG�\RXQJ�DJH�WR�EH�D�VLJQL¿FDQW�IDFWRU�LQ�30%&��
Insurance type also had no effect. Medication compliance correlated 
with PMBC, but not pain, at two weeks. We plan to perform further 
analysis to determine the relationship between PMBC and pain 
experience in Amb Surg pre-school age children, and identify 
common risk factors to both.

REFERENCES:

1. Pediatric Anesthesia. 23(5):422-428. 2013.

2. Anesth Analg. 88(5):1042-7. 1999.

3. Nature Reviews Neuroscience 11, 651-659. 2010.

4.  Archives of Pediatrics & Adolescent Medicine. 150(12):1238-
1245. 1996.
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ISOFLURANE EXPOSURE IN NEONATAL RAT PUPS 
IS NOT ASSOCIATED WITH DECREASED VENTRAL 
HIPPOCAMPAL SIZE

AUTHORS: J. S. Lagoy1, R. R. Bennett2, L. M. Carson3, J. R. 
Salinaro3, G. M. Sheehan1, S. C. Hillier1

AFFILIATION: 1Anesthesiology, Geisel School of Medicine 
at Dartmouth College, Lebanon, NH, 2Anesthesiology, Geisel 
School of Medicine at Dartmouth, Hanover, NH, 3Anesthesiology, 
Dartmouth College, Hanover, NH

INTRODUCTION: In animals, anesthetic exposure during critical 
periods of neurodevelopment is associated with neuroapoptosis 
and cognitive impairment. Rodent studies of anesthesia associated 
neurotoxicity have shown impaired performance in the Morris 
Water Maze (MWM), suggesting that early anesthetic exposure 
LV�DVVRFLDWHG�ZLWK� ODWHU�GH¿FLWV� LQ�VSDWLDO� OHDUQLQJ�DQG�QDYLJDWLRQ��
However, our group has been unable to demonstrate consistent 
impairment of MWM performance in rats following post-natal day 
���3���H[SRVXUH�WR���K�RI���0$&�LVRÀXUDQH��6SDWLDO� OHDUQLQJ�DQG�
navigation are dependent upon ventral hippocampal function. To 
DGGUHVV�WKH�GLVFUHSDQF\�EHWZHHQ�RXU�0:0�¿QGLQJV�DQG�WKRVH�RI�
RWKHU�LQYHVWLJDWRUV��ZH�GHWHUPLQHG�ZKHWKHU�3��LVRÀXUDQH�H[SRVXUH�
in rats is associated with altered hippocampal morphology.

METHODS: After IACUC approval, rat pups were randomized 
RQ� 3�� WR� XQGHUJR� HLWKHU� LVRÀXUDQH� �Q�  � ���� RU� FRQWURO� �Q�  � ����
H[SRVXUH�� ,VRÀXUDQH� ZDV� DGPLQLVWHUHG� LQ� ���� 22 in a warmed 
KXPLGL¿HG�FKDPEHU�ZLWK�D�VHUYR�FRQWUROOHG�KHDWLQJ�SDG�WR�PDLQWDLQ�
QRUPRWKHUPLD�� ,QVSLUHG� LVRÀXUDQH�ZDV� WLWUDWHG� WR�PDLQWDLQ�D�����
response to tail clamping every 15 min during the 4h exposure. 
Control pups received 50% O2 for 4h. After exposure, the pups 
were reunited with their dams and littermates. At P68, rats were 
anesthetized and underwent transcardial perfusion with saline and 
���SDUDIRUPDOGHK\GH��%UDLQV�ZHUH� H[WUDFWHG��ZHLJKHG�� DQG�¿[HG�
LQ����SDUDIRUPDOGHK\GH�IRU������KRXUV�DQG�IUR]HQ��7LOWHG�&RURQDO�
VHFWLRQV����ȝP��SHUSHQGLFXODU�WR�WKH�ORQJ�D[LV�RI�WKH�KLSSRFDPSXV�
were obtained. Alternate slices were mounted and stained with 0.1% 
thionin. Measurements of dorsal and ventral hippocampal area were 
made using ImageJ software.

RESULTS:� 7KHUH� ZDV� QR� VLJQL¿FDQW� GLIIHUHQFH� LQ� YHQWUDO�
hippocampal area between controls (10.8 ± 2.72 mm2) and 
LVRÀXUDQH� H[SRVHG� ������� �� ����PP��� UDWV� �3�  � ����� XQSDLUHG�
t-test). Similarly, there was no difference in dorsal hippocampal area 
EHWZHHQ�FRQWUROV��������������PP���DQG�LVRÀXUDQH�H[SRVHG���������
0.80mm2) rats (P = 0.22). 

CONCLUSIONS: It is well known that changes in hippocampal 
volume can be measured in response to stimuli as diverse as spatial 
navigation training1, exercise2, and seasonal navigation3. Although 
it is reassuring that no change in hippocampal size was measurable 
DIWHU� H[SRVXUH� WR� LVRÀXUDQH� LQ� RXU� VPDOO� VDPSOH��ZH� KDYH� \HW� WR�
determine why we were unable to demonstrate the impairment 
of MWM spatial navigation seen by other investigators - despite 
equivalent anesthetic exposure during early development.

1. PNAS (2000) 97;4398-4403

2. PNAS (2011) 108;3017-3022

3. J. Neurobiol (1995) 27; 15-25
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MULTIVARIATE PREDICTORS OF CARDIO-RESPIRATORY 
AND HEMATOLOGICAL EVENTS FOLLOWING OPEN 
CRANIOSYNOSTOSIS SURGERY

AUTHORS: S. M. Goobie1, D. Zurakowski1, M. R. Proctor2, 
V. Young1, J. Meara3, G. Rogers4 

AFFILIATION: 1Anesthesia, Peri operative and Pain Medicine, 
Boston Children’s Hospital, Boston, MA, 2Department or 
Neurosurgery, Boston Children’s Hospital, Boston, MA, 
3Department of Plastic Surgery, Boston Children’s Hospital, Boston, 
MA, 4Department of Plastic Surgery, Children’s National Medical 
Center, Washington, DC

BACKGROUND: Infants undergoing craniosynostosis surgery are 
DW�ULVN�IRU�VLJQL¿FDQW�SRVWRSHUDWLYH�FRPSOLFDWLRQV��:H�FRQGXFWHG�DQ�
extensive retrospective chart review to investigate patient variables 
that might increase or decrease the risk for cardiorespiratory and 
hematological events and thereby determine the need for ICU 
admission postoperatively.

METHODS: With IRB approval, the records of infants undergoing 
open craniosynostosis repair from 2002 to 2012 at Boston Children’s 
Hospital were reviewed.

RESULTS: 225 successive patient charts were analyzed. Table 1 
details the patient characteristics of the study cohort.

8QLYDULDWH� DQDO\VLV� LGHQWL¿HG� VL[� YDULDEOHV� WKDW� ZHUH� DVVRFLDWHG�
with major cardiorespiratory postoperative events (33/225=14.7%); 
ERG\�ZHLJKW����NJ��$6$�OHYHO���RU����35%&�WUDQVIXVLRQ������P/�
kg, hemostatic agent transfusion (fresh frozen plasma, platelets, and/
or cryoprecipitate), intraoperative complication and intraoperative 
tranexamic acid (TXA) administration.

These variables were tested using multivariable logistic regression 
DQDO\VLV� WR� GHWHUPLQH� LQGHSHQGHQW� ULVN� IDFWRUV�� )RXU� VLJQL¿FDQW�
independent predictors of a cardiorespiratory event were 
LGHQWL¿HG��ZHLJKW� �3���������$6$� OHYHO���RU��� �3 ��������35%&�
transfusion>60 ml/kg (P<0.001), occurrence of an intraoperative 
complication (p=0.029).

8QLYDULDWH�DQDO\VLV�LGHQWL¿HG���YDULDEOHV�WKDW�ZHUH�DVVRFLDWHG�ZLWK�
a major hematological postoperative event (67/225=29.8%); weight 
���NJ�� 35%&� WUDQVIXVLRQ� �� ���P/�NJ�� LQWUDRSHUDWLYH� KHPRVWDWLF�
blood product transfusion and intraoperative TXA administration. 
All 4 variables when tested using multivariable logistic regression 
analysis where determined to be independent predictors of 
postoperative hematological events: weight (P<0.001), PRBC >60 
ml/kg (P<0.001), hemostatic agent transfusion (P<0.001) and TXA 
administration as a protective factor (P<0.001).

Furthermore, algorithms were developed as a practical clinical tool 
to predict the probability of a postoperative event (Tables 2 and 3).

Figure 1 shows the odds ratio for multivariate predictors of a 
VLJQL¿FDQW�SRVWRSHUDWLYH�HYHQW�UHTXLULQJ�,&8�DGPLVVLRQ�

Figure 2 shows the percentage of postoperative events for the 
PXOWLYDULDWH�ULVN�IDFWRUV�LGHQWL¿HG�

CONCLUSION: Certain craniosynostosis surgery patients are at 
LQFUHDVHG�ULVN�IRU�SRVWRSHUDWLYH�FRPSOLFDWLRQV�DQG�PD\�EHQH¿W�IURP�
ICU monitoring. Risk factors include body weight <10kg, ASA 
3 or 4, transfusion of more than 60 mL/kg PRBC, intraoperative 
complication, administration of FFP, platelets, or cryoprecipitate. 
TXA administration was associated less major postoperative 
hematological events & may reduce the requirement for ICU 
admission 1-3.

CLINICAL RELEVANCE: A predictive clinical algorithm was 
developed for pediatric patients having major craniofacial surgery to 
identify high-risk patients who may require ICU stay. This algorithm 
can be used to help risk stratify these patients postoperatively.

REFERENCES:

1. Goobie Anesth 2011; 114(4): 862-71.

2. Goobie Clin Pharm 2013; 52:267-276.

3. Goobie Ped Anesth 2013; 23: 278-284 

Table 1: Characteristics of Study Cohort Undergoing 
&UDQLRV\QRVWRVLV�6XUJHU\��1� �����

Variable Value or Number 
of Patients

Percentage

Age at procedure, months, 
median (IQR)

13 (9 - 34)

Weight, kg, median (IQR) 10 (8.6 - 12.7)

< 10 kg 112 50%

Gender 119 53%

Male 106 47%

Female

ASA Class 173 77%

1 or 2 52 23%

3 or 4

Procedure 158 70%

FOA 67 30%

TCR

Number of sutures 170 76%

1 37 16%

2 16 7%

3 2 2%

4

&UDQLRIDFLDO�6\QGURPH 39 17%

Intraop. PRBC, mL/kg, 
mean ± SD

32.5 ± 22.8

Intraop. albumin, mL/kg, 
mean ± SD

23.2 ± 22.1

Intraop. hemostatic agents† 19 8.40%

Surgical duration, hrs, mean 
± SD (range)

5.4 ± 1.4 (2.2 - 
10.6)

Intraop. TXA 
Administration

143 64%

Intraoperative Blood 
transfusion

204 91%

S-262 • CONTINUED ON NEXT PAGE
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7DEOH����3UREDELOLW\�$OJRULWKP�RI�0DMRU�3RVWRSHUDWLYH�5HVSLUDWRU\� 
RU�&DUGLDF�(YHQW
6LJQL¿FDQW�0XOWLYDULDWH�&OLQLFDO�3UHGLFWRU�
Body Weight 
< 10 kg

ASA 
3 or 4

,QWUDRSHUDWLYH
PRBC
> 60 mL/kg

,QWUDRSHUDWLYH
Complication

Probability
(%)

95% CI

Yes Yes Yes Yes 89 70 - 96
Yes Yes Yes No 68 46 - 85
Yes No Yes Yes 60 35 - 80
Yes Yes No Yes 55 31 - 77
Yes No Yes No 30 16 - 50
Yes Yes No No 25 14 - 43
Yes No No Yes 20 Oct-35
Yes No No No 7 12-Mar
No Yes Yes Yes 74 45 - 91
No Yes Yes No 45 20 - 72
No No Yes Yes 36 15 - 67
No Yes No Yes 31 15 - 54
No No Yes No 14 5 – 35
No Yes No No 12 5 – 25
No No No Yes 8 3 – 20
No No No No 3 7-Jan

S-262 • continued
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7DEOH����3UREDELOLW\�$OJRULWKP�RI�0DMRU�3RVWRSHUDWLYH�+HPDWRORJLFDO�(YHQW
6LJQL¿FDQW�0XOWLYDULDWH�&OLQLFDO�3UHGLFWRU�
Body Weight
< 10 kg

,QWUDRSHUDWLYH
PRBC
> 60 mL/kg

,QWUDRSHUDWLYH
Hemostatic 
$JHQWV�*LYHQ

TXA
*LYHQ

Probability
(%)

95% CI

Yes Yes Yes No 97 85 - 99
Yes Yes Yes Yes 93 68 - 98
Yes Yes No No 86 66 - 95
Yes No Yes No 78 45 - 93
Yes Yes No Yes 70 42 - 88
Yes No Yes Yes 58 26 - 84
Yes No No No 40 25 - 56
Yes No No Yes 20 13 - 31
No Yes Yes No 94 68 - 99
No Yes Yes Yes 85 45 - 98
No Yes No No 74 42 - 92
No No Yes No 62 26 - 88
No Yes No Yes 53 21 - 82
No No Yes Yes 39 13 - 73
No No No No 24 Dec-37
No No No Yes 10 18-Jun
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TRANSESOPHAGEAL ECHOCARDIOGRAPHY (TEE) 
AS A MONITOR OF INTRAOPERATIVE VENTRICULAR 
VOLUME, FUNCTION AND IV FLUID MANAGEMENT: 
IMPACT ON INTRA AND POSTOPERATIVE FLUID 
MANAGEMENT IN THE PARTIAL SEPARATION OF 
CONJOINED TWINS

AUTHORS: I. Russo-Menna1, C. Rezba2

AFFILIATION: 1Anesthesiology, Division of Pediatric, VCU-HS, 
Richmond, VA, 2Anesthesiology, Hunter-Holmes McGuire Veterans 
Hospital, Richmond, VA

INTRODUCTION: Conjoined thoraco-omphalopagus twins with 
shared liver parenchyma came to our attention for separation. 
Delivered at 36 weeks gestation by CS, with the combined birth 
weight was 4570 grams, infants demonstrated separate brains, lungs, 
kidneys, bladders, and extremities, hearts with shared pericardium, 
presence of ASD, and common liver, with hepatic cross circulation 
through a shared portal vein and separate hepatic arteries and a large 
truncus venosus shunt connecting. Baby Girl 2 became polyuric and 
hypertensive with Baby Girl 1 developing oliguria by the 2nd day 
of life.

METHOD: The infants underwent general anesthesia on dol 7 
for surgical liver separation. Medication was injected based on 
their total weight. Intraoperative TEE was performed by pediatric 
cardiology via a 6F intravascular echo probe in the esophagus 
of BG1. The hearts of both babies were able to be visualized 
simultaneously via this approach. After hepatic division, we noted 
an immediate increase in the caliber of the IVC and hepatic veins 
of BG1 and a simultaneous increase in ventricular volume in BG1. 
&RQYHUVHO\��%*�¶V�OHIW�YHQWULFOH�DSSHDUHG�JURVVO\�XQGHU�¿OOHG��7KLV�
was coincident with a drop in blood pressure and oxygen saturation. 
%*�� UHFHLYHG� ��� PO�.J� LQWUDYDVFXODU� ÀXLG� EROXV� ZLWK� QRWDEOH�
LPSURYHPHQW� LQ� /9� ¿OOLQJ�� V\VWHPLF� EORRG� SUHVVXUH� DQG� R[\JHQ�
VDWXUDWLRQ�ZLWKRXW� DQ\� REVHUYHG� FKDQJH� LQ� FDUGLDF�¿OOLQJ� YROXPH�
in BG1.

CONCLUSION: The utilization of a TEE probe was a helpful 
addition in the cardiovascular management of these conjoined 
thoraco-omphalopagus twins allowing us to witness and react to the 
physiological cardiac responses in real time, and facilited decisions 
LQ�WKH�DPRXQW�RI�,9�ÀXLG�DGPLQLVWUDWLRQ�

REFERENCES: 

•  Hanson JW. Incidence of conjoined twinning (letter). Lancet. 
1975;2:1257.

•   Diaz JH, Furman EB. Perioperative management of conjoined 
twins. Anesthesiology. 1987 Dec;67(6):965-73.

•  Eidem BW, Cetta F; O’Leary PW; 2009. (FKRFDUGLRJUDSK\�
LQ�3HGLDWULF�DQG�$GXOW�&RQJHQLWDO�+HDUW�'LVHDVH� Lippincott, 
Williams, and Wilkins.
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NEONATAL MICE RECIEVING SEVOFLURANE DO NOT 
SHOW AUTISTIC BEHAVIOR

AUTHORS: W. Chung1, S. Park2, Y. Ko1

AFFILIATION: 1Anesthesia and Pain medicine, Chungnam 
Nat. Univ. Hospital, Daejeon, Korea, Republic of, 2Department of 
Biological science, KAIST, Daejeon, Korea, Republic of

INTRODUCTION: Numerous animal studies have shown early 
exposure to general anesthesia causes neurodegeneration and long 
ODVWLQJ� EHKDYLRUDO� GH¿FLWV�� VXFK� DV� LPSDLUHG� OHDUQLQJ� DQG� GH¿FLWV�
in sociability. Early childhood anesthesia has also been implied to 
increase the risk of developmental behavior disorders and cause 
long-term language differences in humans.

Autism is a neurodevelopmental disorder which is characterized by 
impaired sociability and communication and restricted, repetitive 
behaviors. Due to fact that neonatal anesthesia induces social 
GH¿FLWV� LQ�PLFH� DQG� LQFUHDVHV� WKH� ULVN�RI�GHYHORSPHQWDO� EHKDYLRU�
disorders in humans, we studied whether neonatal anesthesia could 
induce autistic behavior in mice.

METHODS:�&��%/���PLFH�ZHUH�H[SRVHG�WR�VHYRÀXUDQH�DW�3����
for 6 hrs. In order to maintain a relatively constant MAC of 0.6-
����� VHYRÀXUDQH� ZDV� UHGXFHG� WZLFH� GXULQJ� WKH� DQHVWKHVLD� ����
VHYRÀXUDQH�IRU����PLQ�������IRU����PLQ�DQG����IRU�����PLQ��

All behavioral studies were performed with age matched male mice 
(2-4 months). Well described behavioral studies related with autistic 
behavior were used: 3 chamber assay (sociability) and ultrasonic 
vocalization (USV, social communication) .

RESULTS: When compared with control mice who received 
RQO\� IUHVK� JDV� �FRQWURO� JURXS��� PLFH� ZKLFK� UHFHLYHG� VHYRÀXUDQH�
(anesthesia group) did not show any difference in all tests:

Anesthesia group showed similar preference to the chamber 
containing a novel mouse when compared with the control group 
�VHH�¿JXUH��

7KH�WRWDO�QXPEHU�RI�FDOOV�DQG�ODWHQF\�WR�¿UVW�FDOO�ZDV�DOVR�VLPLODU�
EHWZHHQ�JURXSV�LQ�WKH�869�WHVW��VHH�¿JXUH�

CONCLUSIONS:� 1HRQDWDO� DQHVWKHVLD� XVLQJ� VHYRÀXUDQH� GLG�
not cause autistic behavior in mice. Further studies are needed to 
explain discrepancy between studies.

REFERENCES:

1. Jevtovic-Todorovic. J Neuro. 2003. 23(3): 876-882.

2. Satomoto. Anesthesiology. 2009. 110(3): 628-37.

3. DiMaggio. Anesth Analg. 2011. 113(5):1143-51.

4. Ing. Pediatrics. 2012. 130:476-85.

5. Won. Nature. 2012. 486(7402):261-5
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FACTORS INFLUENCING POSTOPERATIVE PAIN 
EXPERIENCES FOLLOWING DISCHARGE IN PEDIATRIC 
AMBULATORY SURGERY PATIENTS

AUTHORS: Y. Cai1, L. Lopata1, J. A. Busse1, M. Monteleone1, 
M. Huang1, S. Wang2, L. Sun3

AFFILIATION: 1Department of Anesthesiology, Columbia 
University, New York, NY, 2Department of Biostatistics, Columbia 
University, New York, NY, 3Department of Anesthesiology and 
Pediatrics, Columbia University, New York, NY

INTRODUCTION: The control of postoperative (postop) pain 
after hospital discharge in pediatric ambulatory surgical (Amb Surg) 
patients contributes to the overall postop experience and parent 
satisfaction1��6LQFH�D� VLJQL¿FDQW�SRUWLRQ�RI� WKH� UHFRYHU\�RFFXUV� DW�
home, identifying factors important in the postop pain experience 
during recovery from Amb Surg is needed to improve the quality of 
pediatric Amb Surg care2. We hypothesized that factors contributing 
to the postop pain experience in Amb Surg pediatric patients include 
surgery type, insurance status, and pain medication compliance.

METHODS: This study was approved by the Institutional Review 
Board, and informed written consent was obtained from parents 
of all participants. Patients undergoing Amb Surg in urological, 
general surgical, orthopedic, plastic, and otolaryngologic (ENT) 
procedures were recruited for the study. Inclusion criteria included 
age of 1-6 years, English-speaking parents, and American Society 
of Anesthesiologists (ASA) physical status I or II. Data on patients’ 
postop pain experience was collected through patient charts and 
phone surveys at 48 hours and two weeks after discharge. Parents 
were asked to rate their child’s postoperative pain on the Faces 
Pain Scale (FPS) and Parents Postoperative Pain Measure (PPPM). 
6FRUHV� ��� VLJQL¿HG� PRGHUDWH� RU� VHYHUH� SDLQ� RQ� )36�� ,QVXUDQFH�
status was (1) insured or (2) Medicaid/uninsured. Pain medication 
FRPSOLDQFH� ZDV� GH¿QHG� DV� DGKHUHQFH� WR� GLVFKDUJH� LQVWUXFWLRQV�
regarding use of pain medications at home. Poisson regression 
DQDO\VLV� ZDV� SHUIRUPHG� DQG� VWDWLVWLFDO� VLJQL¿FDQFH� ZDV� GH¿QHG 
as P<0.05.

RESULTS: 146 children completed the study (age = 49±19.7 
months, mean±SD; 64% males). 49% of patients experienced 
moderate or severe pain in the post-anesthesia care unit (PACU), but 
only 8% of patients had moderate or severe pain at two-week follow-
up. The number of children experiencing no pain increased at each 
sequential follow-up after surgery (Table 1). 56% of patients were 
discharged with pain medication prescriptions, and 66% of these 
patients received prescription pain medications at home.

At 48-hour follow-up, medication compliance, type of surgery, 
and insurance status affected postop pain experiences. Lower pain 
ratings negatively correlated with medication compliance (P<0.05). 
Orthopedic procedures (P<0.001), and urologic procedures (P<0.05) 
had higher pain ratings than ENT procedures. Pain ratings for 
LQVXUHG� SDWLHQWV� ZHUH� VLJQL¿FDQWO\� ORZHU� WKDQ� IRU� 0HGLFDLG� RU�
uninsured patients (P<0.001).

Table 1. Percentage of patients with no postoperative pain on 
FPS, PPPM, or FPS and PPPM in the PACU

# of 0-point 
ratings on 
FPS

# of 0-point 
ratings on 
PPPM

# of 0-point 
ratings on FPS 
and PPPM

PACU 25.30% 6.80% 6.10%

48 hours post 
discharge

44.50% 32.90% 26.70%

2 weeks post 
discharge

86.30% 80.80% 80.10%

CONCLUSIONS: In the majority of pediatric Amb Surg patients, 
postop pain resolved within 2 weeks of discharge. Type of surgical 
procedure and insurance status are correlated with postop pain 
ratings. The negative correlation between medication compliance 
and pain scores indicate that discharge instructions may be an area 
for improvement in the postop pain experience of pediatric Amb 
Surg patients.

REFERENCES:

1. Pediatric Anesthesia. 2013;23(8):690-6.

2. Pediatric Anesthesia. 2012;22(2):136-43.
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THE INFLUENCE OF INTRAOPERATIVE HYPOTHERMIA 
ON ADVERSE SURGICAL OUTCOMES IN CHILDREN 
UNDERGOING SPINE SURGERY

AUTHORS: M. Görges1, W. Cheung2, N. West2, S. Aulakh2, 
F. Miyanji3, S. D. Whyte2

AFFILIATION: 1Electrical and Computer Engineering, University 
of British Columbia, Vancouver, BC, Canada, 2Anesthesiology, 
Pharmacology, & Therapeutics, University of British Columbia, 
Vancouver, BC, Canada, 3Orthopedics, University of British 
Columbia, Vancouver, BC, Canada

INTRODUCTION:�+\SRWKHUPLD��FRUH�ERG\�WHPSHUDWXUH������&��
during surgery has been associated with surgical site infection1,2. 
The infection rate for pediatric scoliosis surgery is approximately 
2.6%3. A recent retrospective audit4, of temperature data in children 
who underwent spine surgeries found that preoperative warming 
reduced the percentage of the case spent hypothermic by a median 
of 22% (36% vs. 13%; p < 0.001, 95% CI 15-27%). The purpose of 
this study is to evaluate the effects of intraoperative hypothermia on 
30-day surgical site infection rates, length of hospitalization, and 
bleeding in children undergoing spine surgery.

METHODS: Temperature data from children who underwent 
spine surgeries between November 1, 2009 and December 31, 2012 
was obtained [4]. MATLAB (The Mathworks Inc., Natick, MA, 
USA) was used to plot temperature trends, and identify episodes 
of hypothermia and their level of severity. The percentage of a 
case spent hypothermic is calculated as the summed durations of 
all hypothermia episodes divided by the duration of temperature 
monitoring. Surgical outcomes were obtained by retrospective chart 
review of all cases for which intraoperative temperature data were 
available. Data were analyzed using R (R Foundation for Statistical 
Computing, Vienna, Austria) to obtain summary statistics, and 
receiver operating characteristics curves for outcome variables.

Receiver operating characteristics curve results for Percent Case Spent Hypothermic

Factor Controls Cases AUC [95% CI] Percent case 
hypothermic 
cutoff

6SHFL¿FLW\ Sensitivity

Surgical site infection 329 21 0.52 [0.4-0.64] 18.5 0.49 0.57

Transfusion of cellsaver blood 214 135 0.55 [0.49-0.61] 9.5 0.67 0.43

Transfusion of allogenic blood 275 72 0.55 [0.47-0.63] 17.5 0.55 0.56

Length of hospitalization 
exceeding 6 days

191 159 0.58 [0.52-0.64] 19.5 0.56 0.6

Blood loss exceeding 625mL 244 98 0.58 [0.51-0.65] 17.5 0.57 0.57

RESULTS: All results are reported as median (interquartile 
range). Temperature and surgical outcome data for 350 patients 
(248 females) with age 15.4 (13.3-17.2) years weighing 49.5 (38-
59.7) kg were available. The skin-to-skin time was 374 (274.5-
463.8) min, during which 12 (9-13) levels were instrumented. The 
percentage time spent hypothermic was 19 (0-35) %. A surgical 
site infection was detected within 30 days of the procedure in 
21 patients; allogenic blood with volume 446.0 (298.5-710.2) 
ml was transfused to 72 patients, while blood from the cellsaver 
with volume of 200 (133-180) ml was transfused in 135 patients; 
length of hospitalization was 6 (5-9) days. Table 1 summarizes the 
area under the receiver operating characteristics curve results for 
percent case spent hypothermic. Approximately 242 patients were 
prewarmed. Prewarming was found to be negatively associated with 
a length of hospitalization > 6 days (OR 0.50 [95%CI 0.31-0.79]), 
blood loss exceeding 625 ml (OR 0.53 [95%CI 0.32-0.86]), and use 
of allogenic blood (OR 0.29 [95%CI 0.17-0.49]), but not for use 
of cellsaver blood (OR 0.65 [95%CI 0.41-1.04]), nor surgical site 
infection rates (OR 0.47 [95%CI 0.19-1.13]).

CONCLUSION: Prewarming was found to be an effective 
strategy in reducing intraoperative hypothermia and was associated 
ZLWK� VRPH� EHQH¿FLDO� SRVWRSHUDWLYH� RXWFRPHV�� +RZHYHU�� LQ� WKLV�
study intraoperative hypothermia was not found to be predictive 
of surgical site infection rates, nor intraoperative blood product 
administration.

REFERENCES:

1. Infect Control Hosp Epidemiol. 2011;32(6):603-10.

2.  N Engl J Med. 1996;334(19):1209-15. [3] Spine. 2011;36(7):556-
63. [4] Paediatr Anaesth. 2013;23(11):1054-61.
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ADAPTATION OF THE SOCIETY OF PEDIATRIC 
ANESTHESIA CRITICAL EVENT CHECKLISTS FOR 
USE AT A CHILDREN’S HOSPITAL IN A DEVELOPING 
COUNTRY

AUTHORS: T. E. Cox;

AFFILIATION: Anesthesiology, Washington University School 
of Medicine, St. Louis, MO

INTRODUCTION: In a simulated setting, the use of critical 
event checklists has been associated with a marked improvement 
in surgical team management of common surgical crises such as 
air embolism, cardiac arrest, and anaphylaxis.1 The goal of this 
study was to determine whether the Society for Pediatric Anesthesia 
�63$��SHGLDWULF�VSHFL¿F�FULWLFDO� HYHQW�FKHFNOLVWV� FRXOG�EH�DGDSWHG�
for use at a children’s hospital in a developing country.2

METHODS: Following a presentation to anesthesia providers at 
our study hospital outlining each of the SPA critical event checklists, 
surveys were distributed to anesthesia providers. Each respondent 
was asked to select the checklists that would be most valuable in 
the perioperative setting. Based upon the most frequently selected 
checklists, we collaborated with local experts to adapt each checklist 
based on the availability of resources such as diagnostic tests, 
medications, and treatments at the KBTH. Following completion 
of the adapted checklists, we re-canvassed the anesthesiologists to 
assure that the checklists would be useful during the management of 
the respective critical event scenarios.

RESULTS: Following presentation of the SPA critical event 
FKHFNOLVWV� �VHH� ¿JXUH� ���� IRUW\� VXUYH\V� ZHUH� GLVWULEXWHG� DQG�
completed by anesthesia faculty members, residents, medical 
students, and nurse anesthetists. Only surveys completed by 
faculty and residents [N=19] were used to establish the perceived 
LPSRUWDQFH�RI�HDFK�FKHFNOLVW��VHH�¿JXUH����DV�ZHOO�DV�ZKLFK�FKHFNOLVWV�
they would most like to have available in the operating room. The 
four most frequently requested checklists included: cardiac arrest, 
DQDSK\OD[LV��K\SR[LD��DQG�GLI¿FXOW�DLUZD\��&ROODERUDWLQJ�ZLWK�ORFDO�
residents and faculty members, we adapted the critical care event 
FKHFNOLVWV� WR� VSHFL¿FDOO\� PDWFK� WKH� PHGLFDWLRQV� DQG� UHVRXUFHV�
available to anesthesia practitioners at our partner hospital (see 
¿JXUH����

CONCLUSION: In collaboration with our international colleagues 
at a teaching Hospital in a developing country, we were able to 
successfully adapt the SPA critical care event checklists to their 
local practice and available resources. We have described the novel 
adaptation of the SPA critical event checklists as a collaborative 
quality improvement initiative which may be modeled by others for 
future international outreach efforts.

REFERENCES:

1.  Arriaga, et al. Simulation-based trial of surgical crisis 
checklists. NEJM 2013, 368; 3: 246-253.

2.  SPA Critical Events Checklist available at 
www.pedsanesthesia.org.

www.pedsanesthesia.org
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TRANSFUSION ALGORITHMS DECREASE BLOOD 
TRANSFUSION IN CHILDREN UNDERGOING 
CRANIOFACIAL RECONSTRUCTION

AUTHORS: T. Nguyen1, H. Lam2, T. Austin3

AFFILIATION: 1Anesthesiology, Monroe Carell Childrens 
Hospital, Nashville, TN, 2Anesthesiology, Vanderbilt University 
Medical Center, Nashville, TN, 3Anesthesiology, Vanderbilt 
University, Nashville, TN

BACKGROUND: Craniofacial reconstruction surgery is often 
associated with large blood loss, coagulopathy, and perioperative 
blood transfusion.1-5 Allogeneic blood transfusion is associated 
with numerous risks and different approaches have been utilized 
to decrease transfusion during the perioperative period.6-10 During 
transfusion surveillance at our institution, we noticed that blood 
products were being administered without abnormal laboratory 
values. The purpose of this study was to determine if these guidelines 
decreased the transfusion of blood products perioperatively.

METHODS: After IRB approval, a chart review was performed 
on children that underwent craniofacial reconstruction during the 
period of January 1, 2010 through August 1, 2013. The intraoperative 
transfusion algorithm was instituted on January 1, 2013

RESULTS: After protocol implementation, the proportion of 
patients transfused PRBCs intraoperatively decreased by 13.6% 
while FFP transfusion decreased by 86.4% This corresponded to a 
decrease in total product use from 0.42 units/kg to 0.13 units/kg per 
patient. Blood utilization in the postoperative period also decreased 
when compared to the period before implementation. After guideline 
initiation, patients transfused PRBCs and FFP postoperatively 
decreased by 33.4% and 63.5%, respectively. Length of stay in 
the ICU was not statistically different but total hospital stay was 
decreased by 1.08 days (P value = 0.02) in the postguideline cohort. 
7KHUH� ZDV� QR� VLJQL¿FDQW� GLIIHUHQFH� LQ� PRUELGLW\� DQG� PRUWDOLW\�
between the two groups.

S-268 • CONTINUED ON NEXT PAGE

CONCLUSIONS: These results suggest that using transfusion 
guided protocols during the perioperative period in major 
FUDQLRIDFLDO� UHFRQVWUXFWLRQ� VXUJHU\� VLJQL¿FDQWO\� UHGXFHV� EORRG�
product administration without changes in patient outcome. Total 
KRVSLWDO�VWD\�ZDV�DOVR�VLJQL¿FDQWO\�GHFUHDVHG�LQ�WKLV�FRKRUW��)XUWKHU�
study is warranted to analyze the potential cost savings due to the 
implementation of this protocol.
1.  Craniosynostosis: an assessment of blood loss and transfusion. 

Can J Anaesth, 1989.
2.   Blood loss, replacement, and associated morbidity in infants 

and children undergoing craniofacial surgery. Paediatr Anaesth,
3.  Blood loss during repair of craniosynostosis. Br J Anaesth, 

1993.
4.   Blood loss and transfusion rates during repair of craniofacial 

deformities. J Craniofac Surg, 2005.
5.   Abnormal coagulation during pediatric craniofacial surgery. 

Pediatr Neurosurg, 2001.
6.   Blood-conservation techniques in craniofacial surgery. Ann 

Plast Surg, 2005.
7.   Intraoperative tranexamic acid reduces blood transfusion in 

children undergoing craniosynostosis surgery: a randomized 
double-blind study. Anesthesiology, 2011.

���� �(I¿FDF\�RI�WUDQH[DPLF�DFLG�LQ�SHGLDWULF�FUDQLRV\QRVWRVLV�
surgery: a double-blind, placebo-controlled trial. 
Anesthesiology, 2011

9.   Intraoperative autologous blood transfusion in the surgical 
correction of craniosynostosis. Neurosurgery, 1995.

10.   Perioperative blood salvage during surgical correction of 
craniosynostosis in infants. Br J Anaesth, 2000.
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INCIDENCE AND DURATION OF INTRAOPERATIVE 
HYPOTENSION IN NEONATES AND INFANTS

AUTHORS: R. S. Park1, M. McCann2

AFFILIATION: 1Anesthesiology, Perioperative and Pain Medicine, 
Boston Children’s Hospital, Boston, MA, 2Anesthesiology, 
Perioperative and Pain Medicine, Childrens Hospital Anesthesia 
Foundation, Boston, MA

INTRODUCTION: There are many factors that may make infants 
more susceptible to brain injury during anesthesia including prior 
insults such as birth trauma, prematurity and sepsis. General 
anesthetics have been shown to be neurotoxic in the laboratory1, 
and there is suggestion that in infants, certain anesthetics increase 
cerebral metabolic demands and lead to a pathologic mismatch of 
oxygen delivery and consumption4.

Intraoperative perturbations in vital signs such as hypotension, 
hypocapnia and hyperthermia can lead to an unfavorable balance 
of cerebral perfusion. This resulting injury can be exacerbated 
by hyperoxia1. The intraoperative incidence and extent of these 
potentially morbid physiologic changes have not been well 
described. The objective of this study is to determine the incidence, 
duration, and magnitude of intraoperative hypotension.

METHODS: This is an IRB approved, retrospective review of all 
Anesthesia Information Management System (AIMS) intraoperative 
records for all patients of American Society of Anesthesia (ASA) 
class 1 and 2 and less than 12 months of age at our institution.

+\SRWHQVLRQ� LV�GH¿QHG�DV�PHDQ�DUWHULDO�SUHVVXUH� �0$3������PP�
+J��'XUDWLRQ�RI�K\SRWHQVLRQ�LV�GH¿QHG�DV�WKH�WLPH�LQWHUYDO�ZKHUH�
at least 3 successive blood pressure measurements meet criteria 
IRU�K\SRWHQVLRQ��'XUDWLRQ�LV�VWUDWL¿HG�LQWR�������PLQXWHV�DQG�!���
minutes. T-tests are used to compare means across groups using 
Stata (StataCorp LP; College Station, Texas)

RESULTS:�������SDWLHQWV�ZHUH�LGHQWL¿HG�IURP�WKH�$,0V�GDWDEDVH�
with a mean age of 4.98 months. 494 patients (18.4%) had periods 
of hypotension. There were 704 hypotensive intervals amongst these 
patients with 322 (45.7%) intervals lasting longer than 25 minutes. 
The mean number of hypotensive episodes per patient was 1.42. 
The average duration of hypotension was 32.7 minutes. The mean 
MAP during each hypotensive interval was 35.67 mm Hg. The mean 
lowest MAP during each hypotensive interval was 32.75 mm Hg.

CONCLUSION: In ASA I and II neonates and infants, there is 
a 18.4% incidence of hypotension, which is often not simply an 
isolated occurrence. This is notable given that MAP below 38 and 
42 mm Hg in infants is associated with physiologic evidence of 
decreased cerebral perfusion2,3. A current limitation of our study 
LV�WKDW�SDWLHQWV�����ZHHNV�SRVWPHQVWUXDO�DJH�DUH�QRW�LGHQWL¿HG�DQG�
WKHUHIRUH�VFUHHQHG�XVLQJ�DQ�DJH�DGMXVWHG�GH¿QLWLRQ�RI�K\SRWHQVLRQ��
)XWXUH� VWXGLHV� VKRXOG� LQFOXGH� DOWHUQDWH�GH¿QLWLRQV�RI� K\SRWHQVLRQ�
(i.e. % change from baseline and systolic blood pressure thresholds) 
DV�ZHOO�DV�HYDOXDWH�DGGLWLRQDO�LQWUDRSHUDWLYH�YDULDEOHV�WKDW�LQÀXHQFH�
cerebral perfusion and ultimately examine their association with 
neurodevelopmental outcomes.

REFERENCES:

1. Br J Anaesth. 2012 Dec;109 Suppl 1:i60-i67.

2. Pediatric Anesthesia. 2013 Oct;23(10):946-51

3. Stroke. 2010 Sep;41(9):1957-62.

4. Paediatr Anaesth. 2014 Jan;24(1):68-73.

Study Outcomes

Mean 95% CI p-value

Interval Time 
(minutes)

32.7 30.92-34.47

MAP (mm Hg) 35.67 35.58-35.76

Lowest MAP (mm 
Hg)

32.75 32.44-33.06

MAP (mm Hg) by 
length of interval

15 - 25min 36.39 36.26-36.53

>25min 35.29 35.18-35.39 �������

Lowest MAP (mm 
Hg) by length of 
interval

15 - 25min 33.9 33.53-34.28

>25min 31.39 30.91-31.86 �������

Patient Characteristics

Mean age (months) 4.98

ASA I (% patients) 29.4

ASA II (% patients) 70.6

Mean # hypotensive episodes per patient 1.42

>25 minute intervals (% patients) 45.7
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ANESTHESIA-INDUCED NEUROTOXICITY IN THE 
DEVELOPING MURINE RETINA 

AUTHORS: Y. Cheng, L. He, L. J. Richard

AFFILIATION: Anesthesiology, Children’s National Medical 
Center, Washington, DC

BACKGROUND: Anesthetic agents cause widespread apoptosis 
in the developing brain. Vulnerability coincides with the peak in 
synaptogenesis and anesthesia-induced neurodegeneration has 
been shown to result in loss of neurons, cognitive impairment, and 
behavioral abnormalities in a variety of newborn animal models. 
However, it is unknown if anesthesia-induced neurotoxicity occurs 
in humans because there is currently no modality to assess for 
neuronal apoptosis LQ� YLYR. The retina is unique in that it is the 
only portion of the central nervous system that can be directly 
visualized by non-invasive means. As in the brain, programmed 
cell death occurs naturally in the developing retina and is critical 
for synaptogenesis and elimination of aberrant connections. Thus, 
we hypothesized that anesthetics can cause neurotoxicity in the 
GHYHORSLQJ�UHWLQD��:H�DLPHG�WR�GHPRQVWUDWH�WKDW�LVRÀXUDQH�LQGXFHV�
apoptosis in the retina following exposure. Because high resolution 
non-invasive methods have been developed to image single cell 
apoptosis within the retina LQ� YLYR, we also tested the hypothesis 
WKDW�D�V\VWHPLFDOO\�LQMHFWHG�ÀXRUHVFHQW�SUREH�FRXOG�FURVV�WKH�EORRG�
retinal barrier and bind to cells undergoing programmed cell death.

METHODS: The care of the animals in this study was in 
accordance with NIH and Institutional Animal Care and Use 
Committee guidelines. 7 day old CD-1 male mouse pups underwent 
��KRXU�H[SRVXUH�WR�LVRÀXUDQH������RU�DLU��)ROORZLQJ�H[SRVXUH��UHWLQD�
was harvested and immunohistochemistry for activated caspase-3, 
-9, and -8 was performed. Cytochrome c release from retinal 
mitochondria was assessed and steady-state levels of pro- and anti-
apoptotic mediators were determined with immunoblot analysis. 
6LJQL¿FDQFH� ZDV� DVVHVVHG� ZLWK� $129$� DQG� SRVW� KRF� 7XNH\¶V�
WHVW� DQG� VLJQL¿FDQFH� VHW� DW� 3������ 7KH� W\SHV� RI� FHOOV� XQGHUJRLQJ�
DSRSWRVLV�ZHUH�LGHQWL¿HG�ZLWK�GRXEOH�ODEHOLQJ�LPPXQRÀXRUHVFHQFH��
5HWLQDO�XSWDNH�DQG� WKH�DELOLW\�RI�ÀXRUHVFHQW�ODEHOHG�DQQH[LQ�9� WR�
bind to cells undergoing natural cell death and anesthesia-induced 
apoptosis in the retina were determined following intraperitoneal 
injection.

RESULTS:� ,VRÀXUDQH� DFWLYDWHG� WKH� LQWULQVLF� DSRSWRVLV� SDWKZD\�
in the inner nuclear layer (INL) and activated both the intrinsic 
and extrinsic pathways in the ganglion cell layer of the retina. 
,PPXQRÀXRUHVFHQFH� GHPRQVWUDWHG� WKDW� ELSRODU� DQG� DPDFULQH�
neurons within the INL underwent physiologic cell death in air-
H[SRVHG�FRQWUROV�DQG�ZHUH�WKH�OLNHO\�WDUJHWV�RI�LVRÀXUDQH�LQGXFHG�
QHXURWR[LFLW\�� )ROORZLQJ� LQMHFWLRQ�� ÀXRUHVFHQW�ODEHOHG� DQQH[LQ� 9�
ZDV�UHDGLO\�GHWHFWHG�LQ�WKH�,1/�RI�ERWK�DLU��DQG�LVRÀXUDQH�H[SRVHG�
mice and co-localized with activated caspase-3 positive cells.

CONCLUSIONS:� 7KHVH� ¿QGLQJV� LQGLFDWH� WKDW� LVRÀXUDQH�
induced neurotoxicity occurs in the developing retina and lays 
the groundwork for development of a non-invasive imaging 
technique to detect anesthesia-induced neuronal apoptosis in infants 
and children. Thus, in future work, it may be possible to exploit 
neurodegeneration in the human retina as a surrogate for anesthesia-
induced brain neurotoxicity.
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GENETIC VARIANTS OF BLOOD BRAIN TRANSPORTER, 
ABCB1 ARE ASSOCIATED WITH OPIOID RELATED 
RESPIRATORY DEPRESSION IN CHILDREN

AUTHORS: S. Sadhasivam, V. Chidambaran, H. Esslinger, 
X. Zhang

AFFILIATION: Anesthesia, Cincinnati Children’s Hospital 
Medical Center, Cincinnati, OH

INTRODUCTION: Tonsillectomy is one of the most common and 
VLJQL¿FDQWO\�SDLQIXO�VXUJLFDO�SURFHGXUHV�FKLOGUHQ�XQGHUJR��2SLRLG�
induced respiratory depression is a serious perioperative problem. 
Use of opioids accounted for many post-tonsillectomy deaths and 
anoxic brain injuries. In February 2013, the FDA warned against 
the use of codeine (morphine pro-drug) in children undergoing 
tonsillectomy based on multiple reports of deaths and serious adverse 
effects irrespective of the &<3�'� genotype and sleep apnea status. 
Opioids often worsen oxygen desaturations after tonsillectomy in 
children. Thus, adequate and safe postoperative pain management is 
HVVHQWLDO��0RUSKLQH�LV�VXEMHFW�WR�HIÀX[�WUDQVSRUW�YLD�3�JO\FRSURWHLQ�
transporter encoded by $%&%� gene. $%&%� polymorphisms 
(Figure 1a) may affect blood brain barrier transport of morphine and, 
therefore, individual response to its central analgesic and adverse 
HIIHFWV��7KLV�VWXG\�DLPV�WR�GHWHUPLQH�VSHFL¿F�DVVRFLDWLRQV�EHWZHHQ�
FRPPRQ� $%&%�� JHQHWLF� YDULDQWV� DQG� DQDOJHVLF� HI¿FDF\� DQG�
clinically important adverse outcomes associated with intravenous 
morphine in American children undergoing tonsillectomy.

METHODS: A homogeneous group of 263 children undergoing 
tonsillectomy who received intravenous morphine as part of 
standard perioperative care were genotyped for ABCB1. The 
association between 5 single-nucleotide polymorphisms (SNPs) of 
$%&%� (Figure 1a) and the primary safety endpoints, respiratory 
depression, and respiratory depression resulting in prolonged stay 
in Post Anesthesia Recovery Room (PACU) were evaluated. The 
secondary outcome was postoperative morphine requirement.

RESULTS: $%&%� polymorphism, UV���������ZDV� VLJQL¿FDQWO\�
associated with increased risk of morphine related respiratory 
depression in PACU in both 219 white and 44 black children (Table 
����6SHFL¿FDOO\��LQ�D�FRPELQHG�UDFH�DQDO\VLV�FRPSDUHG�WR�FKLOGUHQ�
with GA genotype, children with GG genotype of UV������� had 
4.7 fold increase in the odds of respiratory depression resulting in 
prolonged stay in PACU (95% CI: 2·-10·8, p=0·0002) (Figure 1b); 
increased postoperative morphine requirement was associated with 
CC genotype of the $%&%� polymorphism, rs2229109 (p=0·02).

CONCLUSIONS: $%&%� UV������� polymorphism is associated 
with increased risk of morphine related respiratory depression 
resulting in prolonged stays in PACU, and $%&%� polymorphism, 
UV������� is associated with variations in postoperative morphine 
requirement in children undergoing tonsillectomy. Awareness 
of genetic variations of drug responsiveness can lead to tailored 
drug selection on the basis of a patient’s genetic makeup and dose 
adjustment, which are likely to prevent adverse drug reactions.
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WHAT DO CHILDREN REMEMBER ABOUT THE DAY OF 
SURGERY AND HOW ACCURATE ARE THESE MEMORIES

AUTHORS: T. Hackmann1, R. Haworth2, J. Chorney3

AFFILIATION: 1Paediatric Anaesthesia, IWK Health Centre, 
Halifax, NS, Canada, 2Psychology, Dalhousie University, Halifax, 
NS, Canada, 3Pediatric Anesthesia, IWK Health Centre, Halifax, 
NS, Canada

INTRODUCTION: Children’s declarative memories (i.e., 
the ability to recall information, sensations, and emotions) are 
important in medical contexts because the way in which children 
remember painful and anxiety provoking medical events has been 
IRXQG� WR� EH� LQÀXHQFH� WKHLU� UHVSRQVHV� WR� VXEVHTXHQW� HYHQWV1,2. 
Although there has been some previous research on the impact of 
sedative premedication on implicit and explicit memory formation 
in the preoperative period, there has been no study that has aimed 
to examine the accuracy of children’s declarative memories for the 
day of surgery.

METHODS: With IRB approval and parent authorization/child 
assent, we conducted a prospective cohort study of 34, anesthesia 
naive 5 to 9 year old children (56% female) who underwent 
ambulatory ear, nose and throat or dental surgery. Children 
completed the Children’s Fear Scale and Faces Pain Scale-Revised 
preoperatively and postoperatively. Children did not receive 
sedative premedication. The preoperative period was structured 
with standardized cues provided to ensure children attended to 
contextual details. The anesthetic was also standardized. Recall of 
contextual details and fear and pain ratings were queried 2 weeks 
postoperatively via a telephone interview.

RESULTS AND MAJOR FINDINGS: On average, children 
remembered 66% of the contextual details that they were cued 
to, with children remembering the fewest details at the time of 
separation from their parents. 61% of children remembered a 
standardized prompt provided after one minute of administration 
nitrous oxide. Thematic analysis indicated that 40% of children 
remembered negative events or emotions such as needles, their 
IV, crying, being in pain and feeling scared or nervous. Overall, 
FKLOGUHQ¶V�PHPRULHV�RI�WKHLU�SDLQ�DQG�IHDU�GLG�QRW�VLJQL¿FDQWO\�GLIIHU�
from their reported pain and fear on the day of surgery, but 17% 
of children exaggerated their memory of fear and 36% of children 
exaggerated their memory of pain. Conversely, 21% recalled less 
fear and 32% recalled less pain than measured.

CONCLUSIONS: Children who receive anesthesia for ambulatory 
surgery accurately recall two thirds of event that occur on the day 
of surgery, even late in the induction process. Unpleasant and 
exaggerated memories are formed in nearly one third of patients, 
and this may have an impact on children’s responses to subsequent 
medical procedures.

REFERENCES:

1. J Pediatr Psychol 2010;35:626-636

2. Child Dev 2000;71:933-947
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CEREBRAL OXYGEN EXTRACTION MEASURED BY 
NIRS AND JUGULAR BULB OXYGEN SATURATION 
DEMONSTRATES THE IMPORTANCE OF HEMOGLOBIN 
CONCENTRATION IN CONGENITAL HEART DISEASE

AUTHORS: B. D. Kussman1, P. C. Laussen2, D. B. McElhinney3, 
P. B. Benni4, H. Lin5, F. X. McGowan6

AFFILIATION: 1Anesthesiology, Boston Children’s Hospital, 
Boston, MA, 2Critical Care Medicine, The Hospital for Sick 
Children, Toronto, ON, Canada, 3Pediatrics, New York University 
Langone Medical Center, New York, NY, 4&KLHI�6FLHQWL¿F�2I¿FHU��
CAS Medical Systems, Inc, Branford, CT, 5Health Evidence and 
Policy, Mount Sinai Hospital, New York, NY, 6Anesthesiology, 
Children’s Hospital of Philadelphia, Philadelphia, PA

INTRODUCTION: Cerebral O2 delivery (DO2) is regulated in part 
by CMRO2

1. The increased blood hemoglobin concentration (Hb) 
that accompanies chronic hypoxemia2 is believed to be an important 
compensatory response to support DO2 in congenital heart disease 
(CHD) with decreased SaO2. With respect to cerebral tissue oxygen 
saturation (SctO2) measured by near-infrared spectroscopy (NIRS), 
little data exists on the differences between SaO2 and jugular bulb 
O2 saturation (SjbO2) and SctO2 as estimates of cerebral oxygen 
extraction (CEO2), particularly in relation to Hb. The aim of this 
study is to evaluate these differences and to quantify the importance 
of Hb to DO2 in CHD.

METHODS: With IRB approval and written informed consent, 
65 children (1 month-18 years; 3-50 kg) with CHD undergoing 
elective cardiac catheterization were enrolled in a validation study 
of the FORE-SIGHT (CASMED, Branford, CT) NIRS medium 
sensor (source-detector separation 12 and 40 mm). Validation 
was performed by comparison of NIRS-measured SctO2 with a 
reference oxygen saturation (REF CX) calculated by co-oximetry 
measurement of SaO2 and SjbO2, whereby REF CX = 0.3SaO2 + 
0.7SjbO2

3. Arterial and jugular samples were drawn twice under 
the same physiologic conditions: during the baseline hemodynamic 
and saturation measurements and 5-10 minutes thereafter. Jugular 
bulb samples were obtained with an end-hole catheter guided 
XQGHU�ÀXRURVFRS\�XS�WKH�LQWHUQDO�MXJXODU�YHLQ�WR�WKH�MXJXODU�EXOE��
Extracerebral contamination of SjbO2 was assumed if the difference 
between the 2 samples was > 10% (absolute) without changes in 
clinical or blood gas measurements. Data from the 2 time points 
were averaged for analysis. Pearson correlation and linear regression 
were used to determine relationships between oxygen saturation 
parameters and demographic variables. 3 < 0.05 was considered 
VWDWLVWLFDOO\�VLJQL¿FDQW�

RESULTS: Acceptable SjbO2 samples were obtained in 57/65 
subjects, 58% male and 72% Caucasian. No correlations were 
found between oxygen saturation variables and age, weight, race or 
gender. Demographic and saturation data are shown in Table 1, and 
correlation data in Table 2. The SaO2 SjbO2 difference (P=.0001) 
and SaO2 SctO2 difference (P<.0001) correlated inversely with Hb 
(Figures 1 and 2).

CONCLUSIONS: Although a weak correlation between SctO2 
and Hb has been reported4, the present study found a stronger 
relationship between Hb and CEO2 measured directly (SjbO2) and 
indirectly (SctO2), thereby providing some clinical validation for 
NIRS technology. Because of elevated Hb, near ‘normal’ SctO2 
values may be seen with chronically lower SaO2 in CHD subjects. 
Conversely, an important clinical implication is that the cyanotic 
patient who is anemic, particularly in conjunction with decreased 
cardiac output and/or impaired cerebral autoregulation, may 
approach SctO2 levels that have been associated with brain injury 
in laboratory studies5.

REFERENCES:

1. Am J Physiol 1981;240:H209

2. Journal of Applied Physiology 2006;100:725

3. Ann Nucl Med 2001;15:111

4. Ann Thorac Surg 2001;72:187

5. J Cereb Blood Flow Metab 2002;22:335

Table 1.

9DULDEOH��1 ��� Median Minimum Maximum

Age (y) 3.4 0.2 16

Weight (kg) 13.2 4.6 49.5

Hb (g/dL) 12.1 7.6 17.5

SaO2 (%) 95 70 100

SjbO2 (%) 64 45 99

REF CX (%) 73 55 99

SctO2 (%) 73 56 96

SaO2 - SjbO2 (%) 25 1 46

SaO2 - SctO2 (%) 20 4 35

Table 2.

3HDUVRQ�&RUUHODWLRQ�&RHI¿FLHQWV��1� ����
3UREDELOLW\�!�_U_�XQGHU�+���5KR �

Age (y) Weight 
(kg)

Hb (g/dL) SaO2 (%)

SjbO2 0.208
0.121

0.173
0.197

-0.055
0.683

0.361
0.006

REF CX 0.211
0.115

0.175
0.192

-0.259
0.052

0.603
<.0001

SctO2 0.182
0.175

0.161
0.232

-0.097
0.475

0.485
0.0001

SaO2 - SjbO2 -0.114
0.4

-0.097
0.475

-0.507
<.0001

0.425
0.001

SaO2 - SctO2 -0.061
0.65

-0.063
0.644

-0.633
<.0001

0.534
<.0001

SaO2 - REF CX -0.114
0.4

-0.097
0.475

-0.507
<.0001

0.425
0.001
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BRACHIAL PLEXUS NERVE BLOCK IN A PATIENT ON 
ASPIRIN AND PLAVIX DUE TO RECENT CARDIAC STENT 
PLACEMENT

AUTHORS: A. P. Parikh, A. Sifonios, V. Le, J. D. Eloy

AFFILIATION: Anesthesia, Rutgers-New Jersey Medical School, 
Newark, NJ

INTRODUCTION: A 52 year old male with a history of HTN, 
HLD, CAD status post 4 vessel CABG surgery 20 years ago and 
also recent cardiac stent placement 3 weeks prior to admission, 
presented to the Emergency Department complaining of chest pain 
and multiple lacerations from a knife assault. He had a cardiac 
catheterization shortly after presentation; the patient had two new 
bare metal stents placed and was continued on aspirin and Plavix. 
7KH� SDWLHQW� KDG� VLJQL¿FDQW� QHUYH� GDPDJH� WR� KLV� ULJKW� KDQG� IURP�
the assault and orthopedics recommended that he undergo urgent 
surgery to preserve motor and sensory function of his hand. Due to 
the acute stent placement, he had to remain on aspirin and Plavix to 
prevent stent thrombosis. In addition, the patient was at high risk 
for general anesthesia due to his recent cardiac history. The decision 
was made to proceed with surgery using a regional anesthetic 
technique with sedation.

INTRAOPERATIVE COURSE: The patient was brought to the 
operating room and standard ASA monitors were placed. A single 
shot supraclavicular nerve block was performed under ultrasound 
guidance and a peripheral nerve stimulator. Midazolam 2 mg IV 
and fentanyl 100 mcg was given for sedation for the block. Upon 
sonographic visualization of the brachial plexus and functional 
FRQ¿UPDWLRQ� ZLWK� WKH� QHUYH� VWLPXODWRU�� D� PL[WXUH� RI� ��� FF� RI�
0.5% bupivacaine and 10 cc of 2% lidocaine with epinephrine 
was injected. During the procedure, the patient was given IV 
sedation with remifentanil at 0.1 - 0.2 mcg/kg/min and maintained 
spontaneous ventilation. The surgery lasted approximately 4 
1/2 hours and the nerve block provided anesthesia for the entire 
duration. Postoperatively, the patient recovered function of his 
RSHUDWLYH� H[WUHPLW\� ZLWK� QR� UHVLGXDO� PRWRU� RU� VHQVRU\� GH¿FLWV�
following the supraclavicular block. The patient was discharged 
home the following day.

DISCUSSION: This case presented the anesthesia staff with a 
GLI¿FXOW� FOLQLFDO� VFHQDULR�� 7KH� SDWLHQW¶V� UHFHQW� VWHQW� SODFHPHQW�
placed him at high risk for general anesthesia. In addition, the 
patient was on aspirin and Plavix making him a high risk for 
complications with a regional block1,2. Of particular concern was 
the risk of hematoma at the site of block placement, which could 
impinge the arterial circulation and cause ischemia3. These concerns 
were expressed to the surgical team preoperatively; however, the 
surgeons deemed the procedure to be urgent due to the risk of loss 
RI� IXQFWLRQ� LQ� WKH� GRPLQDQW� ULJKW� KDQG��7KH�EHQH¿WV� DQG� ULVNV� RI�
anesthetic techniques were considered and the decision was made to 
use regional anesthesia with sedation.

REFERENCES:

1.  Chelly, Jacques and Schilling, Dennis. “Thromboprophylaxis 
and Peripheral Nerve Blocks in Patients Joint Arthroplasty.” The 
Journal of Arthroplasty. 23.2 (2008). 350-354.

2.  Horlocker, TT, et al. “Executive Summary: Regional Anesthesia 
in the Patient Receiving Antithrombotic or Thrombolytic 
Therapy.” Regional Anesthesia Pain Medicine. 35. 102-105.

3.  Horlocker, TT. “Regional Anesthesia in the patient receiving 
antithrombotic and antiplatelet therapy. “ British Journal of 
Anaesthesia. 107.1. (2011): 96-106.

S-275.
EVALUATION OF THE FEASIBILITY OF 
DEXAMESTHASONE ADDE TO BUPIVACAINE FOR 
CONTINUOUS FEMORAL NERVE BLOCK FOR 
POSTOPERATIVE ANALGESIA AND REHABILITATION 
AFTER RECONSTRUCTIVE KNEE SURGERY. 

AUTHORS: A. A. Sherif1, S. M. Soliman1, H. M. Koptan2; 

AFFILIATION: 1Anesthesia, Hadi Clinic, Kuwait, Kuwait, 
2$QHVWKHVLD��(OPHQX¿D�8QLYHUVLW\��(J\SW

INTRODUCTION: Adequate analgesia after total knee arthro-
plasty TKA considered to be a challenging; specially in elderly 
patients; due to the presence of co morbidities1,2. Adequate 
peri-operative analgesia will enhance functional recovery, and 
reducing postoperative morbidity,and mortality3.However, the 
implementation of immediate anticoagulation protocols has raised 
concerns regarding spinal hematoma with the use of continuous 
lumbar epidural analgesia5.femoral nerve block FNB has been found 
to improve pain control following TKA. Recent trials supported the 
role of the dexamethasone; that would prolong regional anaesthesia 
through reducing local anaesthetic absorption,increasing the 
DFWLYLW\� RI� LQKLELWRU\� SRWDVVLXP� FKDQQHOV� RQ� QRFLFHSWLYH� &�¿EHUV�
thus decreasing their activity14,15.We hypothesed that; adding 
dexamesathone to bupivacaine for continuous femoral nerve block 
provides better peri-operative analgesia than standard CFNB.

METHODS: 150 patients scheduled for primary unilateral TKA 
were enrolled in the study. Patients were allocated to one of three 
groups. The femoral nerve block with dexamesthasone added to 
bupivacaine for femoral nerve block FNBD, the standard femoral 
nerve block FNB, and the control group. All patients enrolled in 
the study receive general anesthesia; that was implemented after the 
block in group A,and B patients. As regard group A, and B the block 
was performed in the block room before pushing to the operating 
room. Premedication was done using 1 mg dormicum + 50 µg 
fentanyl.The block needle was attached to a nerve stimulator. The 
¿UVW�WDUJHW�SRLQW�ZDV�GLUHFW�YLVXDOL]DWLRQ�RI�WKH�QHHGOH�WLS�PDLQWDLQHG�
with ultrasound while inserting the needle. The second target used 
was an ipsilateral quadriceps contraction.On attaining this endpoint 
and following negative aspiration 25 mL of 0.5% bupivacaine +8 
mg dexamesathone were injected slowly in group A patients, and 25 
mL of 0.5% bupivacaine was injected slowely in group B patients,a 
catheter placed 3 - 4. A continuous infusion of 0.25% bupivacaine 
was started at a rate of 4 ml per hour, after the end of the operation, 
LQIXVLRQ� VWDUWLQJ� WLPH� WKDW� ZDV� FRUUHODWHG� ZLWK� ¿UVW� WLPH� SDWLHQW�
reported pain after the end of the procedure was documented, and 
infusion was continued for 72 h. In case of intra-operative increase 
in hemodynamic parameters IV remifentanil infusion were started 
at 0.1 mcg/kg/min. The following parameters were measured; total 
amount of morphin consumed, NRS, at rest and during movement, 
satisfaction scores for patient, sergeant, and anesthesia resedant.
The primary endpoints of the study were the amount of morphine 
UHTXLUHG� LQ� WKH� ¿UVW� ��� KRXUV� DQG� FRPSDULQJ� WKH� WRWDO� DPRXQW� RI�
morphine used in the three studied groups.

RESULTS: Patients in FNBD Group reported lower pain scores 
on passive movement compared to FNB Group. Cumulative 
morphine consumption was lower in FNBD Group after 
recruitment. Conclusion Dexamethasone added to bupivacain 
prolonged analgesia fromFNB. Further studies will be necessary to 
demonstrate its safety for perineural use.
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COMPARATIVE STUDY BETWEEN CONTINUOUS 
EPIDURAL ANESTHESIA AND CONTINUOUS WILEYTM 
SPINAL ANESTHESIA IN GERIATRIC PATIENTS 
UNDERGOING TURP

AUTHORS: R. S. Ebied, M. Z. Ali, H. F. Khafagy, Y. M. Samhan 

AFFILIATION: Anesthesia, Theodor Bilharz Research Institute, 
Giza, Egypt

INTRODUCTION: Geriatric patients undergoing transurethral 
resection of prostate (TURP) have high morbidity rate which is 
GLI¿FXOW� WR� EH� GHWHFWHG� XQGHU� JHQHUDO� DQHVWKHVLD1. Subarachnoid 
single dose injection has unpredictable duration and hemodynamic 
UHVSRQVH�� &RQWLQXRXV� HSLGXUDO� DQHVWKHVLD� H[WHQGV� DQG� LQWHQVL¿HV�
the block providing postoperative analgesia2. Continuous spinal 
anesthesia provides the same advantage with rapid onset, good 
blockade quality, and low systemic toxicity yet the incidence 
of post dural puncture headache (PDPH) is unacceptable3,4. The 
:LOH\� 6SLQDO�� FDWKHWHU� LV� �)LJ���� DQ� LQQRYDWLYH� ÀH[LEOH� FDQQXOD�
over needle designed for convenient intrathecal access that re  duces 
PDPH5.

METHODS: After ethical committee approval, 30 geriatric male 
patients ASA II or III scheduled for elective TURP were allocated 
into two equal groups: Epidural anesthesia Group (Group EA) 
who received fentanyl 50 µg and plain bupivacaine 0.5% in 5ml 
increments and Wiley Spinal anesthesia Group (Group WSA) 
(Fig-2) who received fentanyl 5µg and plain bupivacaine 0.5% in 
0.5ml increments to reach T10 sensory level. The onset time, times 
to maximum sensory and motor block levels, time to two-segment 
regression of sensory block, total intraoperative bupivacaine dose, 
time to full recovery of sensory and motor block, hemodynamic 
values, and postoperative analgesia as well as adverse effects 
were recorded.

RESULTS: On comparing WSA group with EA group, the onset 
time of sensory block to T10 [2 (1-8) vs. 5 (3-20) min], time to 
reach maximum sensory block [5 (1-20) vs. 7 (3-25) min] and motor 
block [9 (2-25) vs. 12 (5-40) min], time to two-segment regression 
[40 (16-75) vs. 80 (30-90) min], time to full recovery of sensory 
[161.67 ± 28.33 vs. 253.33 ± 52.74 min] and motor block [100.0 ± 
������YV�����������������PLQ@�UHVSHFWLYHO\�EHLQJ�VLJQL¿FDQWO\��3��
0.05) shorter in WSA group than EA group. Total intraoperative 
EXSLYDFDLQH�GRVH�ZDV� VLJQL¿FDQWO\� ORZHU� LQ�:6$�JURXS� WKDQ�($�
JURXS��3���������+HPRG\QDPLF�GDWD�VKRZHG�VLJQL¿FDQW�GHFUHDVH�RI�
mean arterial pressure at 3 and 5 min after local anesthetic injected 
and heart rate at 15 min in Group WSA compared with Group 
EA (P< 0.05); otherwise they were comparable intraoperatively. 
Number of patients required postoperative analgesia and the 
incidence of adverse events were comparable.

DISCUSSION: This study revealed that Wiley Spinal anesthesia 
has more rapid onset and recovery of sensory and motor block 
with less local anesthetic requirements compared with epidural 
anesthesia. Both techniques provided almost the same hemodynamic 
SUR¿OH��7KHVH� UHVXOWV�JR� LQ� DFFRUGDQFH�ZLWK�5HLVOL� HW� DO6 but they 
used prilocaine as local anesthetic. However, Sutter et al7 showed 
that continuous spinal anesthesia provided better cardiovascular 
stability than continuous epidural anesthesia in lower limb surgery.

REFERENCES:

1. Int Urol Nephrol 2003;35:507-12.

2. J Obstet Gynaecol 2006;26:433-4.

3. Minerva Anestesiol 2011;77:394-400.

4. Anesth Analg 2013;116:636-43.
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6. Eur J Anaesthesiol 2003;20:26-30.

7. Anaesthesia 1989;44:47-50.
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CLONIDINE AS A LOCAL ANESTHETIC ADJUNCT FOR 
BRACHIAL PLEXUS BLOCKADE: META-ANALYSIS OF 
RANDOMIZED CONTROLLED TRIALS 

AUTHORS: G. Sidhu1, R. S. Baker1, S. Arulkumar1,  
C. S. Hamilton1, J. Saus2

AFFILIATION: 1Department of Anesthesiology, LSUHSC, 
Shreveport, LA, 2Anesthesiology, LSU Health Sciences Center, 
Shreveport, LA

INTRODUCTION: Clonidine has been investigated as an adjuvant 
to local anesthetics (LA) with the goal of improving surgical 
anesthesia and prolonging postoperative analgesia in regional 
QHXUDO� EORFNDGH��:KHWKHU� GXH� WR� WKH� FRQÀLFWLQJ� UHVXOWV� RI� VPDOO�
scale randomized controlled trials, or concerns regarding its side 
HIIHFW�SUR¿OH��WKH�XVH�RI�FORQLGLQH�LQ�EUDFKLDO�SOH[XV�EORFNDGH�KDV�
declined in many institutions over time. Therefore, the goal of this 
study was to review the available literature and use meta-analysis to 
quantitatively assess the utility of clonidine as an adjunct in brachial 
plexus neural blockade.

MATERIALS AND METHODS: A literature search was 
conducted on the use of clonidine in brachial plexus blockade 
for upper extremity surgery using PubMed, Ovid and Cochrane 
databases, including the reference sections of relevant articles. 
Inclusion criteria stipulated that only prospective/randomized trials 
of adult patients undergoing brachial plexus blockade be included, 
that studies directly compare the use of LA to LA plus clonidine 
(LA+C), and that outcome data be presented in a format suitable 
for comparative analysis. The primary outcome of interest was 
duration of analgesia. Other outcomes of interest included rates 
of block failure, onset and duration of surgical anesthesia and 
motor blockade and adverse event rates. Random-effects meta-
analysis was used to compute effect sizes. Results were considered 
VWDWLVWLFDOO\�VLJQL¿FDQW�LI�3�������$QDO\VLV�RI�SXEOLFDWLRQ�ELDV�ZDV�
completed for all study outcomes.

�

Study name Subgroup within study Outcome Statistics for each study Difference in means and 95%  CI

Difference Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Buttner 1992 120mcg vs Mep Duration analgesia 54.000 17.325 300.173 20.043 87.957 3.117 0.002
Buttner 1992 240mcg vs Mep Duration analgesia 98.000 18.933 358.442 60.893 135.107 5.176 0.000
Singelyn 1996 0.1mcg/kg vs Mep+Epi Duration analgesia 91.000 41.202 1697.600 10.246 171.754 2.209 0.027
Singelyn 1996 0.2mcg/kg vs Mep+Epi Duration analgesia 95.000 23.332 544.400 49.269 140.731 4.072 0.000
Singelyn 1996 0.3mcg/kg vs Mep+Epi Duration analgesia 119.000 34.941 1220.900 50.516 187.484 3.406 0.001
Singelyn 1996 0.4mcg/kg vs Mep+Epi Duration analgesia 112.000 28.284 800.000 56.564 167.436 3.960 0.000
Singelyn 1996 0.5mcg/kg vs Mep+Epi Duration analgesia 232.000 76.630 5872.100 81.809 382.191 3.028 0.002
Singelyn 1996 1.0mcg/kg vs Mep+Epi Duration analgesia 211.000 58.001 3364.100 97.320 324.680 3.638 0.000
Singelyn 1996 1.5mcg/kg vs Mep+Epi Duration analgesia 234.000 70.400 4956.100 96.019 371.981 3.324 0.001
El Saied 2000 150mcg vs Rop Duration analgesia 241.000 11.083 122.826 219.278 262.722 21.746 0.000
Erlacher 2000 150mcg vs Rop Duration analgesia 9.000 33.007 1089.450 -55.692 73.692 0.273 0.785
Antonucci 2001 1.5mcg/kg vs Rop Duration analgesia 73.000 22.700 515.300 28.508 117.492 3.216 0.001
Culebras 2001 150mcg vs Bup+Epi Duration analgesia -154.000 117.748 13864.575 -384.782 76.782 -1.308 0.191
Broch 2005 1.5mcg/kg vs Prilo Duration analgesia 48.000 19.612 384.650 9.560 86.440 2.447 0.014
Iohom 2005 100mcg vs Mep Duration analgesia 82.000 26.730 714.481 29.611 134.389 3.068 0.002
Contreras-D 2006 150mcg vs Mep+Epi Duration analgesia 142.000 4.655 21.667 132.877 151.123 30.506 0.000
Chakraborty 2010 30mcg vs Bup Duration analgesia 221.200 8.535 72.846 204.472 237.928 25.917 0.000

117.267 17.936 321.710 82.112 152.421 6.538 0.000

-400.00 -200.00 0.00 200.00 400.00

Favours LA Favours LA+C

Random Effects Meta Analysis: Duration of Analgesia: All applicable studies/groups

RESULTS: Fifteen studies (835 patients) met criteria for inclusion. 
$�VWDWLVWLFDOO\�VLJQL¿FDQW�SURORQJDWLRQ�RI�WKH�GXUDWLRQ�RI�DQDOJHVLD�
was found for LA+C (difference in means 117.27min, 95%CI 82.11 
to 152.42, P100mcg (diff.means 99.46min, P<0.001) over doses 
<100mcg (diff.means 138.28min, P<0.001). Duration of surgical 
anesthesia and motor blockade were similarly prolonged with 
LA+C. Times to onset of anesthesia (diff.means -1.9min, P=0.130) 
and motor blockade (diff.means -1.79min, P=0.624) were not 
VLJQL¿FDQWO\�GLIIHUHQW�EHWZHHQ�/$�DQG�/$�&��7KH�UHODWLYH�ULVN�RI�
hypotension with LA+C (risk ratio 2.49, 95%CI 1.28-4.86, P=0.008) 
ZDV�IRXQG�WR�EH�QRQ�VLJQL¿FDQW�IRU�GRVHV�RI�FORQLGLQH����PFJ��55�
4.92, P=0.004). Risks of block failure, bradycardia and desaturation 
ZHUH�QRW�VLJQL¿FDQWO\�GLIIHUHQW�EHWZHHQ�JURXSV�

DISCUSSION: Previous randomized controlled trials assessing the 
use of clonidine in brachial plexus blockade have reached disparate 
conclusions. Random effects meta-analysis of available data from 
WKHVH� WULDOV� UHYHDOV� WKDW� D� VWDWLVWLFDOO\� DQG� FOLQLFDOO\� VLJQL¿FDQW�
prolongation of postoperative analgesia, surgical anesthesia and 
motor blockade may be achieved with the use of relatively low 
doses of clonidine. In addition, the use of lower doses appears to 
mitigate the relative risk of bradycardia.

REFERENCES: Brummelt CM, Williams BA. Additives to Local 
Anesthetics for Peripheral Nerve Blockade. Int Anesthesiol Clin. 
2011;49(4):104-116.
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Fig. 1: Anesthesia modulates PBMC granzyme secretion. PBMC were used to 
determine number of cells capable of secreting granzyme B in response to 
overnight stimulation with PHA or PMA in culture medium with autologous 
serum (SELF) or Human AB serum (AB) (ELISPOT assay). Cells from 
patients randomized to RA (n=6) had a stronger immune response at 24 hours 
post surgery, compared to patients randomized to GA (n=5). 
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IMPACT OF REGIONAL ANESTHESIA ON CIRCULATING 
TUMOR CELLS, CELL-MEDIATED IMMUNITY AND 
INFLAMMATORY RESPONSE IN PATIENTS WITH 
NONMETASTATIC BREAST CANCER 
AUTHORS: L. Bleckner1, S. Ponniah2, R. Howard3, P. Bedocs4, 
Y. Zhou5, C. Buckenmaier6

AFFILIATION:1Anesthesia, Defense and Veterans Center for 
Integrative Pain Management; Walter Reed National Military 
Medical Center, Rockville, MD, 2Surgery, Uniformed Services 
University of the Health Sciences, Bethesda, MD, 3Department 
of Research Programs, Walter Reed National Military Medical 
Center, Bethesda, MD, 4Acute Pain Management, Defense and 
Veterans Center for Integrative Pain Management, Rockville, 
MD, 5Research, Walter Reed National Military Medical Center, 
Bethesda, MD, 6Acute Pain Management, Defense and Veterans 
Center for Integrative Pain Management; Walter Reed National 
Military Medical Center, Rockville, MD
INTRODUCTION: Recent anesthesia research raises an important 
question: Can the anesthetic technique used during surgical 
removal of a malignant tumor affect the incidence of cancer 
recurrence or metastasis? 1,2 One hypothesis is that blockade of pain 
signals originating from the periphery will result in diminished 
intraoperative activation of neuroendocrine responses and decreased 
need of anesthesia and opioids in the perioperative period. As these 
elements are known immunosuppressants, minimizing them will 
result in immunocompetence of the host and this may translate to 
an enhanced ability of the immune system to remove residual tumor 
cells after the primary tumor is excised.3,4 The goal of this pilot 
study was to evaluate the immune system during the perioperative 
period of women randomized to receive regional anesthesia 
(RA) or general anesthesia (GA) for surgical excision of primary 
nonmetastatic breast cancer. In addition we examined peripheral 
blood for the clearance of circulating tumor cells (CTC) before and 
after surgery.
METHODS: Eleven women scheduled to undergo unilateral 
mastectomy or lumpectomy with axillary dissection or sentinel 
lymph node biopsy were randomized to receive GA or RA [with 
paravertebral nerve block (PVB)]. GA was achieved with a propofol 
infusion and intraoperative fentanyl or dilaudid. RA was achieved 
with T1-T6 PVB, propofol infusion and fentanyl. All postoperative 
therapies were the same. Blood was sampled within one week of 
surgery, the morning of surgery, the morning after surgery and within 
one week after surgery. CTC were enumerated via two enrichment 
methods (ApoStream and CellSearch), cell populations were 
analyzed via FACS, cell cytotoxicity was evaluated by granzyme 
secretion (ELISPOT) and cytokines were evaluated via Luminex.
RESULTS: Five patients had GA and six patients had RA with 
PVB. Patients randomized to the RA group appeared to have a 
stronger immune response as analyzed by granzyme secretion as 
compared to the GA group. When presurgical values of granzyme 
activation were compared to the morning after surgery values, there 
was increased granzyme secretion in the RA group and decreased 
granzyme secretion in the GA group. (Fig. 1) Four out of six patients 
(67%) in the RA group had no CTCs detected by either enrichment 
method at the time of the postoperative visit as compared to one out 
RI�¿YH�SDWLHQWV�������LQ�WKH�*$�JURXS���)LJ����
CONCLUSIONS: Results demonstrate a trend towards enhanced 
immunity in the RA group and this trend is accompanied by greater 
&7&� FOHDUDQFH� ZLWKLQ� WKLV� JURXS�� /RQJ�WHUP� EHQH¿WV� UHVXOWLQJ�
from RA may be explained by enhancements within the immune 
system, something not experienced by patients receiving GA. 
Regional anesthesia promotes immunocompetence by blunting 
neuroendocrine responses and reducing amounts of anesthesia 
and opioids required during the perioperative period, all of which 
are immunosuppressive. By offsetting these immunosuppressive 
events, RA may enhance the host’s ability to clear residual tumor 
cells remaining in circulation after removal of the primary tumor 
and this may ultimately translate to a decrease in future recurrence.
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MOTOR SPARING KNEE BLOCK FOR ANALGESIA 
FOLLOWING KNEE ARTHROPLASTY: DESCRIPTION OF 
A NEW APPROACH

AUTHORS: R. Sondekoppam Vijayashankar, V. Uppal, 
S. Ganapathy

AFFILIATION: Department of anesthesia and perioperative 
medicine, Western University, London, ON, Canada

INTRODUCTION: Fast track arthroplasty regimens require 
preservation of motor power to perform early rehabilitation and 
ensure early discharge 1. Commonly performed nerve blocks like 
femoral and Sciatic nerve blocks results in motor weakness thereby 
not only interfering in early rehabilitation and physiotherapy but 
may also predispose to patient falls2,3. Hence, targeting the terminal 
branches of the femoral and sciatic nerves around the knee joint 
under ultrasound is an attractive strategy. The nerves of interest for 
knee analgesia are the terminal branches of the femoral nerve, the 
genicular branches of the lateral cutaneous nerve of thigh, obturator 
and sciatic nerves4.

METHODS:�:H�PRGL¿HG� WKH� WHFKQLTXH�RI�DGGXFWRU�FDQDO�EORFN�
performance and combined it with US guided posterior pericapsular 
injection and lateral femoral cutaneous nerve block to provide 
analgesia around the knee joint. Femoral artery is traced under 
the sartorius muscle till the origin of superior geniculate artery. 
The intermediate cutaneous nerve of thigh travels as a dual nerve 
between the Sartorius and rectus femoris above the fascia lata which 
is blocked by 5 ml of 0.5% ropivacaine (LA). The needle is then 
redirected to enter the fascia of Sartorius to deliver an additional 
5ml of LA to cover the medial retinacular branches. The needle is 
then advanced till the needle tip is seen to lie adjacent to the femoral 
artery under the Sartorius to perform the adductor canal block with 
an additional 15-20 ml of LA to cover nerve to vastus medialis, 
infrapatellar branch of saphenous nerve and the articular branch of 
the obturator nerve. The lateral cutaneous nerve of thigh is blocked 
with 10 ml of LA near the anterior superior iliac spine between the 
origin of Sartorius and tensor fascia lata. The terminal branches of 
sciatic nerve to the knee joint is blocked by depositing 25 ml of local 
anesthetic solution between the popliteal artery and femur bone at 
the level of femoral epicondyles.

RESULTS: Our initial experience with this block has been 
promising. We have used this technique in 10 patients undergoing 
knee arthroplasty with good effect. The median (IQR) block 
duration was noted to be around 20 (±6.5) hours. The median 
�,45��SDLQ�VFRUHV� LQ� WKH�¿UVW����SRVWRSHUDWLYH�KRXUV� UDQJHG� IURP�
0 (±0.5) to 3 (±2.5) at rest and 1.5 (±3.5) to 5.5 (±1) on movement. 
$OO�SDWLHQWV�ZHUH�VXFFHVVIXOO\�PRELOL]HG�RQ�WKH�PRUQLQJ�RI�WKH�¿UVW�
postoperative day.

CONCLUSION: Motor sparing from the blocks while providing 
adequate analgesia can be achieved by selectively targeting the 
sensory innervation of the knee joint. Future comparative studies are 
needed to evaluate the performance of this block with other modes 
of analgesia for knee arthroplasty.

REFERENCES: 

1. Acta Orthop Suppl. 2012;83:1-39.

2. Anesth Analg. 2010;111:1552-4

3.  Reg Anesth Pain Med. 2007;32:67-72.

4. Clin Orthop Relat Res. 1994;301:221-6.
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Anaesthesia

INTRODUCTION: The Association of Anaesthetists of Great 
Britain & Ireland (AAGBI) recommends documentation of 
LQYDVLYH�SURFHGXUHV�RU�RQHV�ZLWK�VLJQL¿FDQW�ULVNV�LQ�SDWLHQW¶V�QRWHV��
or a separate anaesthetic consent form1. The Royal College of 
Anaesthetists (RCOA) also recommends auditing this process of 
consent and states 100% compliance as target for best practice2. The 
purpose of this retrospective audit was to assess our departmental 
compliance with documentation of risk disclosure while performing 
upper limb nerve blocks.

METHODS: In accordance with local practice for audit projects, 
after approval by the departmental lead for audit, relevant data were 
collected from anaesthetic records of 50 patients who received 
upper limb regional nerve block, with or without other forms of 
anaesthesia. These records were analysed for the documentation 
of the designation of doctor consenting the patient, type of nerve 
block performed, risk of infection, bleeding, nerve damage, 
incidence of nerve damage, risk of pneumothorax (if performing a 
supraclavicular block) and local anaesthetic toxicity.

RESULTS: Out of 50 patients, 48 were consented by a consultant 
while 2 patients were consented by a Non-Consultant grade doctor. 
A clear documentation of the type of block being performed was 
found in only 46% of the anaesthetic records. The types of block 
performed as documented are shown below in Table 1.

Table 1. Type of block as documented

Type of block Number of patients (%)

Documented 23/50 (46%)

Interscalene 4/50 (8%)

Supraclavicular 7/50 (14%)

Axillary 1/50 (2%)

Suprascapular/Axillary 1/50 (2%)

Brachial plexus block 6/50 (12%)

Peripheral nerve block (PNB) 2/50 (4%)

Nerve block 2/50 (4%)

Not documented 27/50 (54%)

Since we considered the use of descriptive terms like nerve block, 
peripheral nerve block, and brachial plexus block as inaccurate, 
only 26% (13 out of 50) of the anaesthetic records had an accurate 
description of the type of block being performed. Only 54% records 
had a documentation of risk involved with the proposed procedure. 
These risks are summarised below in Table 2.

Table 2. Documentation of risk disclosure

Risk disclosure Number of patients (%)

Infection 10/50 (20%)

Bleeding 8/50 (16%)

Nerve damage 25/50 (50%)

Incidence of nerve damage 11/50 (22%)

Pneumothorax 8/19 (42%)$

Local anaesthetic toxicity 1/50 (2%)

Motor block 10/50 (20%)

Numbness 1/50 (2%)

Bruising 1/50 (2%)

Horner syndrome 1/50 (2%)

Failure of procedure 7/50 (14%)

NOTE: Nineteen patients had a supraclavicular block (documented 
or not) out of which the risk of pneumothorax was documented in 
8 records only.

CONCLUSION: In conclusion, our documentation of risk 
disclosure was well below the recommended target. Some of the 
reasons for the observations may include a lack of time, lack of 
SDWLHQW�LQIRUPDWLRQ�OHDÀHWV��DQG�GLVFORVXUH�UHODWHG�DSSUHKHQVLRQV�RI�
patients. It was agreed at the departmental meet to introduce patient 
LQIRUPDWLRQ� OHDÀHWV�� LPSURYH� RXU� GRFXPHQWDWLRQ�� SUHIRUPHG� ULVN�
disclosure stickers and to revise the current anaesthetic record to 
allow disclosure of risks as a checklist. It was also felt that other 
regional blocks such as spinal, epidural and lower limb blocks 
should also be brought under the purview of such measures. A time 
frame of 6 months was set to introduce these changes, and a re-audit 
was after a further 6 months. A draft sticker for consent in regional 
DQDHVWKHVLD�ZDV�LQWURGXFHG�UHFHQWO\�DQG�LV�VKRZQ�LQ�¿JXUH���

REFERENCES:

1.  AAGBI Guidelines: Consent for Anaesthesia, Revised Edition 
2006 (Section 6.1 & 6.2, Page 16). Available at: http://www.
DDJEL�RUJ�VLWHV�GHIDXOW�¿OHV�FRQVHQW���SGI

2.  RCOA Audit Recipe Book, 3rd Edition, 2012 (Section 1.2, 
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MANAGEMENT OF EPIDURAL BLOOD PATCHING IN 
PATIENTS WITH LEUKEMIA

AUTHORS: K. A. Sedeek1, J. Naron1, M. Farrag1, O. Aboushanab2, 
S. Mahmoud1

AFFILIATION: 1Anesthesiology, Hershey Medical center, 
Hershey, PA, 2Anesthesiology, University of Cairo, Cairo, Egypt

INTRODUCTION: Patients with leukemic diseases get frequent 
spinal punctures for diagnostic as well as for therapeutic procedures. 
With the risk of developing post dural puncture headache [PDPH], 
and the eventual need for epidural blood patch as part of PDPH 
management, comes the controversy of injecting the patients’ own 
blood to the epidural space. An epidural blood patch (EBP) is the 
most appropriate treatment of persistent PDPH. However, in these 
patients, there are no data on the safety of EBP. Instead of autologous 
blood injection in the epidural space a colloid or saline solution 
could be an alternative, also insertion of the intrathecal catheter at 
the time inadvertent dural puncture was also mentioned 1,2.

CASE REPORT: A 43-yr-old, 74-kg patient at a remission of 
acute lymphocytic leukemia (ALL). Within several hours of his 
last diagnostic spinal puncture, the patient complained of a severe 
positional headache. After an initial response to bed rest, oral then 
,9�ÀXLGV�DQG�LEXSURIHQ��DQG�WKUHH�����PJ�GRVHV�RI�,9�FDIIHLQH�RYHU�
36 h, the patient continued to have a severe positional headache. 
EBP was recommended to help with the patient’s persistent 
headache [PDPH]. On the grounds that this more invasive treatment 
could place the patient at increased risk of infectious complications 
and central nervous system leukemia, consultation with our team of 
regional anesthesia experts, hematologists, and literature review took 
place. EBP was considered safe on the basis of normal blood work, 
and almost seldom chance of central nervous system leukemia. EBP 
was done under complete sterile conditions. Complete resolution of 
the headache occurred after a single EBP

CONCLUSIONS:�7KH�ÀXLG�FKRVHQ�WR�EH�XVHG�ZLWK�HSLGXUDO�SDWFK�
should be individualized according to the existing medical condition 
that necessitate the earlier dural puncture. Prospective controlled 
VWXGLHV�DUH�UHTXLUHG�WR�FRQ¿UP�WKH�VDIHW\�DQG�HI¿FDF\�RI�WKH�YDULRXV�
methods to treat PDPH.

REFERENCES: 

1. Anesth Analg 1999;88:166-7. 

2. Anesth Analg 1999;89:531-8.
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OPIOID CONSUMPTION IN TOTAL KNEE 
ARTHROPLASTY PATIENTS: A RETROSPECTIVE 
COMPARISON OF ADDUCTOR CANAL AND FEMORAL 
NERVE CONTINUOUS INFUSIONS.

AUTHORS: A. E. Ardon, R. A. Greengrass

AFFILIATION: Anesthesiology, Mayo Clinic, Jacksonville, FL

INTRODUCTION: When compared to femoral nerve blockade 
(FB), the adductor canal block (ACB) is associated with less motor 
weakness. Currently, little evidence exists regarding the effect of 
ACB on opioid consumption when compared to FB. Our purpose 
in this study was to assess differences in postoperative opioid 
consumption in total knee arthroplasty patients. Our hypothesis was 
that when combined with sciatic nerve blockade (SB), ACB does not 
increase opioid requirements when compared to continuous FB/SB.

METHODS: A total of 96 patient charts were reviewed for this 
study: 51 patients with continuous FB/SB and 45 with continuous 
ACB/SB. Patients were matched according to age, height, weight, 
gender, baseline pain scores, and mean home opioid consumption. 
The primary outcome of the study was postoperative opioid 
consumption on postoperative days 0 (POD 0), 1 (POD 1), and 2 
(POD 2). Secondary outcomes were postoperative visual analog 
scale (VAS) scores, use of IV hydromorphone or hydromorphone 
PCA, incidence of nausea and pruritus, and need for catheter bolus 
by a physician.

RESULTS: Mean opioid consumption overnight in milligrams 
of oral morphine equivalent (mean ± CI) from POD 0 to 1 were 
38.2mg ± 8.76 in the FB/SB group vs 43.98mg ± 10.02 in the ACB/
SB group (p= 0.39). POD 1 mean opioid consumption was 78.06 
mg ± 18.08 vs 74.96mg ± 11.19 in the FB/SB and ACB/SB canal 
groups, respectively (p=0.78). POD 2 mean opioid consumption 
was 31.88mg ± 6.37 and 28.19mg ± 5.32 in the FB/SB and ACB/
SB groups, respectively (p= 0.38). On POD1, median anterior 
and posterior knee VAS scores at rest, as well as posterior knee 
VAS scores with knee motion, were equivalent in both the FB/
SB and ACB/SB groups (p=0.84 , p=0.22, p=0.21, respectively). 
Median anterior knee VAS scores with knee motion were higher 
in the adductor canal group, [1 vs 4 (p<0.05)] on POD1, but not 
statistically different on POD2 either at rest or with motion [1 vs 1 
(p=0.67), 3 vs 3 (p=0.96), respectively]. Incidence of nausea, use 
of intravenous hydromorphone or hydromorphone PCA, as well as 
need for catheter bolus by a physician on either POD 1 or 2 were 
not statistically different between the two groups (p=0.77, p=0.62, 
p=0.37, p=0.74, p=0.13, respectively).

CONCLUSION:�,Q�WKH�¿UVW�WZR�GD\V�SRVWRSHUDWLYHO\�DIWHU�D�WRWDO�
knee arthroplasty, opioid consumption in patients with continuous 
$&%�6%� LV� QRW� VWDWLVWLFDOO\� VLJQL¿FDQWO\� GLIIHUHQW� IURP� SDWLHQWV�
receiving continuous FB/SB. Continuous adductor canal block 
seems to provide adequate analgesia when compared to continuous 
femoral blockade.

REFERENCES:

Anesth Analg. 2011; 113: 904-25.

Reg Anesth Pain Med. 2013; 38:321-25.

Reg Anesth Pain Med. 2013; 38: 526-532.

Anesthesiology. 2013; 118: 409-15.

Clin Orthop Relat Res. 2013. [epub]

Acta Anaesthesiol Scand. 2012; 56: 357-64.

Table 1: Baseline patient characteristics

FB/SB ACB/SB p-value

Age 66.92 64.86 0.32

Height 167.33 167.57 0.91

Weight 90.65 83.29 0.07

% Male gender 33.3 31.1 0.82

% pts on home opioid 21.6 11.1 0.17

Mean home opioid dose 12.8 12 0.85

Baseline pain at rest 1.9 1.2 0.13

Baseline pain with motion 6.5 5.6 0.08

Table 2: Mean opioid consumption in milligrams of oral 
PRUSKLQH�HTXLYDOHQW����FRQ¿GHQFH�LQWHUYDO�

FB/SB ACB/SB p-value

POD 0 to 1 38.2 ± 8.76 43.98 ± 10.02 0.39

POD 1 78.06 ± 18.08 74.96 ± 11.19 0.78

POD 2 31.88 ± 6.37 28.19 ± 5.32 0.38

Table 3: Median postoperative VAS scores with knee at rest

FB/SB ACB/SB p-value

POD 1 , anterior 0 1 0.84

POD 1, posterior 1 0 0.22

POD 2, anterior 1 1 0.67

POD 2, posterior 1 0 0.047

Table 4: Median postoperative VAS scores with knee in motion

FB/SB ACB/SB p-value

POD 1, anterior 1 4 0.02

POD 1, posterior 3 2 0.21

POD 2, anterior 3 3 0.96

POD 2, posterior 4 2 0.002

Table 5: Incidence of secondary outcomes, in percentages

FB/SB ACB/SB p-value

Nausea 29.4 26.7 0.77

Pruritus 7.8 28.9 0.01

Patients requiring 
IV hydromorphone

62.7 57.8 0.62

Patients requiring 
hydromorphone 
PCA

5.88 2.22 0.37

Patients requiring 
catheter bolus by 
physician, POD1

15.7 13.3 0.74

Patients requiring 
catheter bolus by 
physician, POD2

1.96 8.89 0.13
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POST-OPERATIVE PAIN CONTROL WITH TRANSVERSUS 
ABDOMINIS PLANE BLOCKS WITH LIPOSOMAL 
BUPIVACAINE VERSUS IV OPIOIDS IN LAPAROSCOPIC 
COLORECTAL PATIENTS: A RETROSPECTIVE COHORT 
STUDY

AUTHORS: J. Hutchins1, R. Madoff2, G. Melton2, M. Kwaan2, 
J. Ogilvie3

AFFILIATION: 1Anesthesia, University of Minnesota, 
Minneapolis, MN, 2Colorectal Surgery, University of Minnesota, 
Minneapolis, MN, 3Colon and Rectal Surgery, Spectrum Health 
Medical Group, Grand Rapids, MI

INTRODUCTION: Transversus abdominis plane (TAP) blocks 
are gaining popularity as part of a multimodal regimen to decrease 
post-operative pain and narcotics in abdominal procedures. Studies 
have shown that TAP blocks with either bupivacaine or ropivacaine 
GHFUHDVH�SRVW�RSHUDWLYH�SDLQ�DQG�QDUFRWLF�UHTXLUHPHQWV�IRU�WKH�¿UVW�
24 hours.1 Liposomal bupivacaine (LB) (Exparel) has been shown 
WR�SURYLGH�SDLQ�UHOLHI�XS�WR����KRXUV�DIWHU�LQ¿OWUDWLRQ��KRZHYHU��LWV�
use in TAP blocks has been minimally reported. 2

OBJECTIVE: The aim of this study was to evaluate the effect of 
an ultrasound-guided TAP block with LB on narcotic use in patients 
undergoing laparoscopic colectomy.

METHODS: In total, 38 patients (median age 60, range 18-82; 
22 male, ASA I-III) who underwent a laparoscopic right, left, or 
total colectomy were retrospectively studied and outcomes were 
followed for up to 72 hours post injection. The cohort consisted of 
19 patients (10/2012 to 7/2013) who received a TAP block and 19 
patients (3/2012-9/2012) who did not. Pain intensity was assessed 
via visual analog scale (VAS) 0-10. Narcotics were delivered via 
PCA and their use was normalized to micrograms of fentanyl. 
All charts were analyzed up to 14 days post-discharge for any 
complications or readmissions for pain.

RESULTS: The two groups had no difference in baseline 
characteristics. Patients who received a TAP block had decreased 
WRWDO�QDUFRWLFV�XVDJH�LQ�WKH�¿UVW����KRXUV�SRVW�RSHUDWLYHO\�FRPSDUHG�
to those who did not (1153 ± 618 mcg vs 1835 ± 1227 mcg, p= 
�������,Q�WKH�¿UVW����KRXUV�SRVW�EORFN�DQG�IURP����WR����KRXUV�SRVW�
operatively, narcotic usage was less in those who received TAP 
block compared to those who did not (424 ± 270 mcg vs 633 mcg 
± 342, p= 0.04) and (424 ± 295 mcg vs 726 ± 542 mcg, p= 0.04),, 
respectively. This was also associated with an observed decreased 
length of stay in those who received a TAP block compared to 
those who did not (111.4 hours ± 49.4 vs 167.4 hours ± 85.37 p= 
0.02). While there was no difference in VAS minimum pain scores 
between the two groups, there was a decreased VAS maximum pain 
VFRUH�RQ�WKH�¿UVW����KRXUV�SRVW�EORFN������������YV�����������S �������
and 48-72 hours post block (3.6 ± 2.2 vs 5.1 ± 2.3 p = 0.049). Three 
patients in the TAP group had nausea post operatively versus 9 in 
the control group.

CONCLUSION: In patients undergoing laparoscopic colectomy 
procedure, performing an ultrasound guided transversus abdominis 
plane block with lisosomal bupivicaine may decrease narcotics in 
WKH�¿UVW����KRXUV�SRVW�EORFN��GHFUHDVH�RYHUDOO� OHQJWK�RI� VWD\�� DQG�
decrease the maximum VAS pain score compared to those who 
receive no block.

REFERENCES:
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DEXAMETHASONE AS AN ADJUNCT FOR BRACHIAL 
PLEXUS BLOCKADE: META-ANALYSIS 

AUTHORS: S. Arulkumar, I. Elnagar, C. Hamilton, C. Fox

AFFILIATION: Anesthesiology, LSUHSC, Shreveport, LA

INTRODUCTION: The search for adjuncts in regional anesthesia 
has lead to the addition of epinephrine, clonidine, tramadol, 
neostigmine and dexamethasone perineurally. The ideal adjunct 
prolongs the duration of analgesia, speeds the onset and improves the 
quality of the blockade. Despite the existence of several randomized 
controlled trials reporting improved duration of analgesia with 
dexamethsone. The goal of this study was to review the available 
literature and use meta-analysis to quantitatively assess the utility of 
dexamethasone as an adjunct in brachial plexus blockade.

MATERIALS AND METHODS: A literature search was 
conducted on the use of dexamethasone in brachial plexus anesthesia 
using PubMed, Ovid and Cochrane databases, including the reference 
sections of relevant articles. Inclusion criteria stipulated only 
prospective/randomized trials of adult patients undergoing brachial 
plexus blockade be included, that studies directly compare the use 
of local anesthetic (LA) alone to LA plus perineural dexamethasone 
(LA+D) and that outcome data be presented in a format suitable 
for comparative analysis. Outcomes of interest included duration 
of analgesia and onset /duration of sensory and motor blockade. 
Random-effects meta-analysis was used to compute effect sizes and 
compare LA/LA+ D groups. Results were considered statistically 
VLJQL¿FDQW� LI�3�������$QDO\VLV� RI� SXEOLFDWLRQ�ELDV�ZDV� FRPSOHWHG�
for all study outcomes.

RESULTS: Four studies (246 patients) met criteria for inclusion. 
$�VWDWLVWLFDOO\� VLJQL¿FDQW�GLIIHUHQFH� LQ� IDYRU�RI�/$�'�ZDV� IRXQG�
for duration of analgesia (difference in means 421.85 min, 95%Cl 
(270.34-573.46), P<0.001). The prolongation of analgesia was 
IRXQG� WR� EH� VLJQL¿FDQW� LUUHVSHFWLYH� RI� GH[DPHWKDVRQH� GRVH� ��� YV�
8mg) or approach to the brachial plexus blockade (interscalene vs 
VXSUDFODYLFXODU�YV�D[LOODU\���$�VWDWLVWLFDOO\�VLJQL¿FDQW�SURORQJDWLRQ�
of the duration of motor blockade was observed for LA+D 
(difference in means 487.43min, 95%CI 41.94-932.91, P=0.032). 
1R�VLJQL¿FDQW�GLIIHUHQFH�ZDV�IRXQG�LQ�WKH�RQVHW�RI�VHQVRU\�RU�PRWRU�
blockade. Analysis of publication bias for duration of analgesia 
UHYHDOHG� RQH� ³¿OH� GUDZHU� SXEOLFDWLRQ´� WR� WKH� OHIW� RI� WKH� PHDQ��
However the addition of imputed data had no effect of the statistical 
VLJQL¿FDQFH�RI�RXU�SUHYLRXV�¿QGLQJV�

CONCLUSIONS: Adjuncts have been added to regional blockades 
with the goal of prolonging duration, improving the quality of the 
blockade, and speeding the onset. Several studies have assessed 
WKH� DELOLW\� RI� GH[DPHWKDVRQH� WR� SURYLGH� WKHVH� EHQH¿WV��'HVSLWH� D�
growing volume of retrospective evidence supporting the utility of 
dexamethasone as an analgesic adjunct, the relatively small scale 
of various prospective controlled trials demonstrating this effect 
may be dissuading clinicians from the widespread adoption of 
dexamethasone for regional anesthesia. Meta-analysis of available 
data from randomized controlled trials directly comparing the use 
of local anesthetic alone to local anesthetic plus dexamethasone for 
UHJLRQDO�EORFNDGH�UHYHDOHG�D�VLJQL¿FDQW�SURORQJDWLRQ�LQ�WKH�GXUDWLRQ�
of procedural analgesia.
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DIPHENHYDRAMINE BLOCKS RAT SCIATIC NERVE AND 
EXHIBITS A TOXIC EFFECT ON PC12 CELL

AUTHORS: Y. Hung, C. Lee

AFFILIATION: Anesthesiology, Mackay Memorial Hospital, 
New Taipei City, Taiwan

INTRODUCTION: Novel drugs that provide sensory/nociceptive 
blockade with minimal impairment of motor functions are highly 
desirable for regional anesthesia. Diphenhydramine is well known 
working as histamine antagonists by blocking H1 receptor. It also 
exhibited sodium channel blockade as traditional local anesthetic 
(e.g. lidocaine and bupivacaine). Because diphenhydramine may 
be a useful alternative agent and adjuvant of local anesthetics, 
the authors investigated the local anesthetic properties of 
diphenhydramine in a rat sciatic nerve block model and the potential 
toxicity in cultured cells.

METHODS: The study was approved by institutional Animal Care 
Committee. Anesthetized rats weighing 250-300 grams had their 
sciatic nerves exposed by lateral incision. Sciatic nerve blockade was 
achieved with 0.2 ml diphenhydramine at selected concentrations, 
and the motor and nociceptive blockade was evaluated, respectively 
(n = 8 per group). The score was graded on a scale of 0 to 3: 0 
(baseline or normal), 1 (mildly impaired), 2 (moderately impaired), 
and 3 (totally impaired). The ED50 was calculated by nonlinear 
regression analysis with the Hill equation: E = Emax (D/ED50)

m / 
1 + (D/ED50)

m, where ( is the measured neurobehavioral score (0, 
1, 2, 3); D is dose of drug; (max is the full range of response that 
FDQ�EH�HIIHFWHG�E\�LQ¿QLWH�GUXJ�GRVH��('50 is the median effective 
dose of drug; and P is a slope/sigmoidicity parameter. To elucidate 
WKH� SRWHQWLDO� WR[LF� HIIHFW� DQG� FRQ¿UP� GRVH�GHSHQGHQW� WR[LFLW\��
DSRSWRVLV�ZDV� TXDQWL¿HG� E\� ÀRZF\WRPHWU\� EDVHG� RQ� WKH� VWDLQLQJ�
caspase3,7 as a marker in cultured pheochromocytoma cells (PC12 
cells) incubated with diphenhydramine.

RESULTS: The time courses of motor, and nociceptive 
function of sciatic nerve blockade by selected concentrations of 
GLSKHQK\GUDPLQH�LV�VKRZQ�LQ�¿JXUH���7KH�('���RI�GLSKHQK\GUDPLQH�
DUH� ������ ����� FRQ¿GHQFH� LQWHUYDO�� ������ �� ������� DQG� �������
����� FRQ¿GHQFH� LQWHUYDO�� ������ �� ������� LQ� PRWRU� IXQFWLRQ� DQG�
nociception, respectively. A dose-dependent toxic effect in PC12 
FHOOV�H[SRVHG�WR�GLSKHQK\GUDPLQH�LV�VKRZQ�LQ�¿JXUH��

CONCLUSIONS: Diphenhydramine exhibits local anesthetic 
property in rat sciatic nerve. It may be useful as a local anesthetic 
and an adjunct to local anesthetics for peripheral nerve blockade. 
However, with cellular toxicity, it appears to caution for 
clinical usage because of potential neurotoxicity. Future studies 
VKRXOG� DOVR� LQFOXGH� DQDO\VLV� RI� D� VDIHW\� SUR¿OH� WR� GHWHUPLQH� WKH 
thera peutic window.
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THE USE OF IV PCA WITH OR WITHOUT EPIDURAL 
ANALGESIA DOES NOT AFFECT RECURRENCE FREE 
SURVIVAL OR OVERALL SURVIVAL WHEN COMPARED 
TO EPIDURAL ANALGESIA ALONE AFTER PANCREATIC 
CANCER SURGERY. A RETROSPECTIVE STUDY.

AUTHORS: I. C. Ifeanyi1, J. Soliz1, J. P. Cata1, P. Sahai1, L. Feng2, 
M. Katz3, V. Gottumukkala1

AFFILIATION:1Department of Anesthesiology and Perioperative 
Medicine, University of Texas MD Anderson Cancer Center, 
Houston, TX, 2Department of Biostatistics, University of Texas MD 
Anderson Cancer Center, Houston, TX, 3Department of Surgical 
Oncology, University of Texas MD Anderson Cancer Center, 
Houston, TX

INTRODUCTION:� (SLGXUDO� DQDOJHVLD� KDV� ZHOO� NQRZQ� EHQH¿WV�
after pancreatic surgery.1-2 However, many patients still require 
intravenous patient controlled analgesia (IV PCA) in addition to 
epidural analgesia since frequently, epidural infusion rates may be 
GHFUHDVHG� RU� WHPSRUDULO\� KHOG� LQ� WKH�¿UVW� WZHQW\� IRXU� KRXUV� DIWHU�
surgery mainly due to hypotension.3 Systemic narcotics are not 
without risks, and can result in not only medical complications, but 
potentially immunosuppression.4 The purpose of this study was to 
compare recurrence free survival (RFS) and overall survival (OS) 
in patients who received IV PCA with or without concomitant use 
of epidural analgesia to patients who received epidural analgesia 
alone.

METHODS: The records of all patients over the age of 18 who 
had surgery for pancreatic adenocarcinoma at MD Anderson 
Cancer Center from January 2006 to October 2012 were reviewed. 
Patients were compared by modality of postoperative pain control. 
Demographic and clinical data were collected. Variables that were 
VWDWLVWLFDOO\� VLJQL¿FDQW� RQ� XQLYDULDWH� DQDO\VLV�ZHUH� HQWHUHG� LQWR� D�
multivariate model to assess for effect on RFS and OS.

RESULTS: A total of 425 patients were studied, of which 286 
patients received an epidural alone and 139 patients received an IV 

Table 1
Parameter S�YDOXH HazardRatio 95% CI for HR
3RVWRSHUDWLYH�3DLQ�&RQWURO (SLGXUDO�DORQH�YV��3&$���(SLGXUDO 0.8163 0.969 0.744  1.263
Surgery Type 3DQFUHDWHFWRP\�7RWDO�YV��3DQFUHDWHFWRP\'LVWDO 0.0274 0.199 0.047  0.835
Surgery Type 3DQFUHDWLFRGXRGHQHFWRP\�YV��3DQFUHDWHFWRP\'LVWDO 0.0154 0.645 0.453 0.920
Surgical Stage ��YV��� 0.0007 2.649 1.506 4.659
Surgical Stage ��YV��� 0.0177 2.501 1.172 5.334
Surgical Stage ��YV��� 0.0373 3.86 1.083 13.757
Log EBL 0.0916 1.18 0.974 1.431
Diabetes mellitus <�YV��1 0.02 1.764 1.094 2.846
pRBC transfused during 
admission

<�YV��1 0.1721 1.21 0.92 1.592

,QWUDRSHUDWLYH�GH[DPHWKDVRQH <�YV��1 0.0775 1.281 0.973 1.686

PCA with or without epidural. The median RFS time for patients 
receiving an epidural alone (15.41 months; 95% CI: 11.63, 16.56), 
was no different than patients receiving an IV PCA (14.72 months; 
95% CI: 11.56, 18.43), P=0.9538. On multivariate analysis, factors 
associated with decreased RFS included type of surgery, tumor 
stage, and diabetes mellitus. (Table 1).

The median OS for patients receiving epidural alone (32.82 
months; 95%CI: 29.04, 43.89), was not statistically different than 
those receiving IV PCA with or without epidural (31.24 months 
95%CI: 26.02, 40.14), P=0.7996. On multivariate analysis, factors 
associated with poorer overall survival included patient age, tumor 
stage, and estimated blood loss. (Table2).

CONCLUSIONS: The use of IV PCA with or without epidural 
DQDOJHVLD�GLG�QRW�KDYH�D�VLJQL¿FDQW�HIIHFW�RQ�5)6�RU�26�LQ�SDWLHQWV�
undergoing surgery for pancreatic adenocarcinoma when compared 
to the use of epidural analgesia alone. Unfortunately, we did not have 
an IV PCA alone group of patients. Robust studies on perioperative 
factors that may impact RFS and OS after pancreatic cancer surgery 
are warranted.

We would like to acknowledge the contributions of Jun Yu, 
Department of Biostatistics, MD Anderson Cancer Center.

REFERENCES:

����%ORFN�%��/LX�6��5RZOLQJVRQ�$��HW�DO��(I¿FDF\�RI�3RVWRSHUDWLYH�
Epidural Analgesia: A Meta-analysis. -$0$. 2003; 29:2455-
2463

2.  Amini A, Patanwala A, Maegawa F, et al. Effect of Epidural 
Analgesia on Postoperative Complications Following 
Pancreaticoduodnectomy. $P�-�6XUJ. 2012 Sept 27

3.  Pratt WB, Steinbrook RA, Maithel SK, et al. Epidural 
Analgesia for Pancreatoduodenectomy: A Critical Appraisal. J. 
Gastrointest. Surg. 2008; 12:1207-1220

4.  Cata J, Gottumukkala V, Sessler D. How regional analgesia 
might reduce postoperative cancer recurrence. (XURSHDQ�-RXUQDO�
RI�3DLQ�6XSSOHPHQWV� 2011; 5:345-355

Table 2
Parameter S�YDOXH HazardRatio 95% CI for Hazard Ratio 
Age ����YV��!��� 0.0175 1.021 1.004 1.038
3RVWRSHUDWLYH�3DLQ�&RQWURO (SLGXUDO�DORQH�YV��3&$���(SLGXUDO 0.7663 0.954 0.702 1.298
Surgical Stage ��YV��� 0.0009 3.995 1.762 9.061
Surgical Stage ��YV��� 0.006 4.057 1.494 11.018
Surgical Stage ��YV��� 0.0017 13.553 2.669 68.821
Log EBL 0.007 1.369 1.09 1.719
pRBC transfused during admission <�YV��1 0.0889 1.347 0.956 1.899
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THE EFFICACY OF ULTRASOUND-GUIDED SPERMATIC 
CORD BLOCK FOR SCROTAL SURGERY

AUTHORS: T. Nakagawa, S. Omi, N. Kawamura, Y. Nagamura, 
K. Sato, K. Habuka

AFFILIATION: Anesthesia, Tokyo Metropolitan Hiroo Hospital, 
Tokyo, Japan

BACKGROUND: Orchiectomy in treatment of metastatic prostate 
cancer is often performed in general and neuraxial anesthesia.
Most of the patients who undergo orchiectomy are elderly and at 
high risk for general anesthesia due to worsening physical status 
associated with cancer progression.Spinal anesthesia is absolutely 
contraindicated in lumbar metastasis, which often occurred in 
prostate cancer patients.A blindly performed block may result in a 
complication(i.e.intravascular injection of local anesthetics, scrotal 
hematoma, and perforation of the deferent duct).Ultrasound-guided 
spermatic cord block would reduce complications and risks for 
general and neuraxial anesthesia and be helpful to postoperative 
pain management.

METHODS: Fifteen inpatients undergoing orchiectomy were 
included in this prospective study.All patients received ultrasound-
guided spermatic cord block for orchiectomy.The spermatic cord 
ZDV� LGHQWL¿HG� DV� LW� HPHUJHV� IURP� WKH� H[WHUQDO� LQJXLQDO� ULQJ� DQG�
trapped it over or just superior to the pubic tubercle.We tightly 
held the spermatic cord and lifted it up and applied the ultrasound 
transducer and discerned the spermatic cord and the deferent duct.A 
20 G needle was advanced close to the deferent duct by avoiding 
YHVVHO� SHUIRUDWLRQ�DQG� ORFDO� DQHVWKHWLF� ZDV� LQ¿OWUDWHG� DURXQG� WKH�
deferent duct under direct visualization.We used a mixture of 5 ml 
mepivacaine 2% and 5 ml ropivacaine 0.75% for the block and 10 
ml lidocaine 1% for the site of the incision because spermatic cord 
block dose not provide scrotal skin anesthesia.We assessed the pain 
response immediately after surgery and at 24 and 48 hours after 
the injection of the local anesthetics,using a numeric rating scale 
(NRS,0=no pain and 10=unbearable pain). Blocks were considered 
successful if surgery could be completed without the use of general 
DQHVWKHVLD�GH¿QHG�DV�D�SURSRIRO�UHTXLUHPHQW�RI�����J�NJ-ï�PLQ-ï�RU�
more,or any use of nitrous oxide or volatile drugs.

RESULTS:No conversion to general anesthesia was 
needed,although it was necessary to inject another 0 to 13ml 
lidocaine 1%.Only one patient complained of right side abdominal 
pain when there was heavy traction on the spermatic cord,but it 
abated immediately after we injected another 6ml lidocaine 1% 
into the cord.Fifteen patients did not need any IV pain medication 
during the 48 hours after the injection.The median NRS score was 
0 immediately after surgery,0 at 24 hours after the injection,and 
0 at 48 hours after the injection.No complications related to the 
anesthesia were seen.

CONCLUSION: Good anesthetic management by the ultrasound-
guided spermatic cord block was achieved.Our experience suggetsts 
that ultrasound-guided spermatic cord block is a simple,safe and 
effective techinique that should become an alternative to general 
or neuraxial anesthesia in the urological setting and that it would 
reduce the cost of the operation considerably.
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FEASIBILITY AND PERI-OPERATIVE PAIN RELIVING 
EFFICACY OF ULTRASOUND GUIDED TRANSVERSUS 
ABDOMINIS PLANE BLOCK IN MORBID OBESE PATIENTS 
UNDERGOING LAPAROSCOPIC BARIATRIC SURGERY.

AUTHORS: A. A. Sherif; 

AFFILIATION: Anesthesia, Surgical ICU and Pain Medicine, 
Hadi Clinic, Kuwait, Kuwait

INTRODUCTION:The implementation of adequate postoperative 
DQDOJHVLD� PD\� EH� EHQH¿FLDO� LQ� PRUELGO\� REHVH� SDWLHQWV� DIWHU�
bariatric surgery due to their higher risk for postoperative 
pulmonary complication.TAP block is a new regional anesthetic 
technique,it has been implemented successfully for pain control 
after laparoscopic surgery in non obese patients.Success with this 
EORFN� LV� GHSHQGHQW� RQ� FRUUHFW� LGHQWL¿FDWLRQ� RI� WKH� QHXUR�IDVFLDO�
plane.The introduction of ultrasound guidance has allowed greater 
precision of needle placement in the desired tissue plane. This 
prospective,randomized,double blinded, controlled study was 
FDUULHG� RXW� WR� HYDOXDWH� WKH� IHDVLELOLW\�DQG� HI¿FDF\� RI� XOWUDVRXQG�
guided TAP block in patients with morbid obe¬sity undergoing 
laparoscopic bariatric surgery. We hypothesed that; USG-TAP block 
is feasible, and effective in reducing pain scores, and attenuating 
morphine consumption.

PATIENTS&METHODS: After obtaining approval from Ethics 
Committee.100 patients underwent laparoscopic sleeve gastrectomy 
enrolled in the study.Patients with,body mass index > 35 kg/m2, 
included.patients were allocated by sealed envelops to one of two 
groups;USG-TAP(50),or to receive standard care regarding regular 
postoperative analgesia (50), according to the anesthesia department 
protocol. before extubation;the skin was prepared, the probe was 
placed on the anterolateral abdominal wall between the iliac crest 
and the subcostal margin.A 22-gauge needle was inserted medial 
to the probe by the in-plane technique. When the tip of the needle 
reached the TAP plane,1 mL of 0.5% bupivacaine were injected into 
the patients of the TAP block group. after negative aspiration, and 
WKH�VSUHDG�RI�WKH�GUXJV�ZDV�FRQ¿UPHG�7KHQ��WKH�UHPDLQLQJ����P/�
was injected. these step done bilaterally. The primary endpoints of 
WKH�VWXG\�ZHUH�WKH�DPRXQW�RI�PRUSKLQH�UHTXLUHG�LQ�WKH�¿UVW����KRXUV�

STATISTICAL ANALYSIS: For sample size calculation, we 
considered that a clinically important difference in 48 h morphine 
consumption would be a 25% absolute reduction in the TAP 
compared with control group.Based on this assumption 35 patients 
were required for the IV-PCA+TAP block group, and 40 patients 
were assigned to the IV-PCAgroup. To minimize any effect of data 
loss, we elected to recruit 50 patients in each group.Comparisons 
of means were conducted with the Student’s t test for parametric 
variables and Mann-Whitney for non-parametric ones.

RESULTS: median NRS pain score of (USG-TAP) group was 
consistently lower at 30 minutes, hourly till 6,6,12, and18 h at rest 
and on movement,and coughing in the postoperative period. This 
UHGXFWLRQ� LQ� 156� VKRZHG� VWDWLVWLFDOO\� VLJQL¿FDQW� GLIIHUHQFH� LQ�
comparison to control group Cumulative morphine consumption 
ZDV�VLJQL¿FDQWO\�UHGXFHG�DW����K�DQG���K�LQ�SDWLHQWV�ZKR�UHFHLYHG�
a TAP block.conclusion:ultrasound-guided TAP block is a fea¬sible 
technique for effective component of multimodal postoperative 
analgesia in morbidly obese patients undergoing laparoscopic 
sleeve gastrectomy.
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TRANSVERSUS ABDOMINIS PLANE BLOCK TO 
AMELIORATE POSTOPERATIVE PAIN OUTCOMES 
AFTER LAPAROSCOPIC SURGERY: A META-ANALYSIS 
OF RANDOMIZED CONTROLLED TRIALS 

AUTHORS: M. E. Rodes, G. S. De Oliveira

AFFILIATION: Anesthesiology, Northwestern University, 
Chicago, IL

INTRODUCTION: Transversus abdominis plane (TAP) block 
has been used as a component of multimodal strategy to optimize 
postoperative pain outcomes; However, it remains unclear which 
W\SH�RI�VXUJLFDO�SURFHGXUHV�FDQ�EHQH¿W�IURP�WKH�DGPLQLVWUDWLRQ�RI�D�
TAP block. Several studies have examined the effect of TAP block on 
postoperative pain outcomes after laparoscopic surgical procedures 
DQG�JHQHUDWHG�FRQÀLFWLQJ�UHVXOWV��2XU�PDLQ�REMHFWLYH�LQ�WKH�FXUUHQW�
investigation was to evaluate the effect of TAP block on postoperative 
analgesia outcomes for laparoscopic surgical procedures.

METHODS: A search was performed to identify randomized 
controlled trials that evaluated the effects of the TAP block 
compared with an inactive group (placebo or “no treatment”) on 
postoperative pain outcomes in laparoscopic surgical procedures. 
Primary outcomes included early (0-4 hours) and late (24 hours) 
postoperative pain at rest and on movement and postoperative 
opioid consumption (up to 24 hours). Meta-analysis was performed 
using a random-effects model. Publication bias was evaluated 
by examining the presence of asymmetric funnel plots using 
Egger regression test. Meta-regression analysis was performed to 
establish an association between the local anesthetic dose and the 
evaluated outcomes.

RESULTS: Ten randomized clinical trials with 633 subjects 
were included in the analysis. The weighted mean difference 
����� FRQ¿GHQFH� LQWHUYDO�� RI� WKH� FRPELQHG� HIIHFWV� IDYRUHG� 7$3�
EORFN�RYHU�FRQWURO�IRU�SDLQ�DW�UHVW�����KRXUV��������>�����WR������@��
and (at 24 hours, -1.33 [-2.19 to -0.48]) (0-10 numerical scale). 
Postoperative opioid consumption was decreased in the TAP block 
group compared with control, weighted mean difference (99% 
FRQ¿GHQFH� LQWHUYDO�� RI� ������ ������� WR� ������� PJ� PRUSKLQH� ,9�
equivalents. Publication bias was not present in any of the analyses. 
Preoperative TAP block administration resulted in greater effects 
on early pain and opioid consumption compared with postoperative 
administration. Meta-regression analysis revealed an association 
between local anesthetic dose and the TAP block effect on late pain 
at rest and postoperative opioid consumption. None of the studies 
reported symptoms of local anesthetic toxicity.

CONCLUSIONS: TAP block is an effective strategy to improve 
early and late pain at rest and to reduce opioid consumption after 
laparoscopic surgical procedures. In contrast, the TAP block was 
not superior compared with control to reduce early and late pain 
during movement. Preoperative administration of a TAP block 
seems to result in greater effects on postoperative pain outcomes. 
We also detected a local anesthetic dose response on late pain and 
postoperative opioid consumption.
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S-293.
RETROSPECTIVE ANALYSIS OF OUTCOMES OF A 
DEDICATED REGIONAL ANESTHESIA ACUTE PAIN 
TEAM MODEL

AUTHORS: A. Dhade, L. Collisimo, H. Kroll

AFFILIATION: Anesthesia, Henry Ford Hospital, Detroit, MI

INTRODUCTION: Regional anesthesia is an excellent modality 
that provides patients superior pain control1. Ubiquitous utilization 
LV�RIWHQ�PDUUHG�E\�VLGH�HIIHFW�SUR¿OHV��XQIDPLOLDULW\�ZLWK�SURFHGXUHV��
low surgeon acceptance, high block failure2. Resistance seems to 
stem from lack of uniformity and predictability; impart due to a 
plethora of providers manning the service.  Other anesthesiology 
driven services have seen improved outcomes from a dedicated 
team model namely with surgical intensivists, cardiothoracic, 
transplant3 and peadatric teams.   A regional anesthesia acute pain 
team would provide standardization through adoption of standard 
protocols/techniques which would result in improved VAS pain 
scores, lower incidence of urinary retention,  increase in procedural 
volume, improved surgeon satisfaction and lower block failure rate.  

METHODS: After IRB approval a retrospective chart review was 
conducted for all patients who received a regional anesthetic over a 
30 month period, ASA 4 or higher and emergent procedures were 
excluded.  Charts were reviewed from a 15 month time period 
prior to the implementation of a dedicated team regional acute pain 
team, and from a 15 month time period after implementation of said 
team.  Data was analyzed for block failure by way of conversion 
to general anesthesia or a repeat block for inadequate pain control.  
Additionally, total procedural volume was compared.  The average 
VAS score on all epidurals during this time period over a three 
day post-operative course was tabulated.  Urinary retention based 
on foley re-insertion during this time period was also tabulated.  
Continuous variables were compared using ANOVA and two-
sided two-sample t-tests.   A survey was sent out to the surgeons 
whom utilize the service assessing satisfaction, desire to refer more 
patients and impression of an improved pain control experience this 
was compared using a two sample t-test or Wilcoxon rank-sum tests.  

RESULTS: Implementation of a dedicated regional anesthesia 
acute care team resulted in a 75% increase in procedural volume.   
Block failure rate was reduced 14%.  There was a 42 % reduction 
in VAS scores, and a 52% reduction in urinary retention for patients 
whom received an epidural.  Of the surgeons who utilized our 
service 90% observed better pain control, 80% improvement in the 
service and 75% willingness to refer more patients.

CONCLUSION: A dedicated acute pain regional anesthesia team 
provides a superior pain control product.  We observed improved 
outcomes, decrease side effects, increase in procedural volume, 
lower failure rate and improved surgeon satisfaction.

REFERENCES:

1. British Journal of anesthesia, 107, pg 90-95, 2011

2. Anesthesiology clinics of north America, 21, pg 289 -303, 2003.

3. ITLS. 586. 2008

S-294.
WHICH CONCENTRATION DO YOU CHOOSE 0.2% 
ROPIVACAINE OR 0.375% ROPIVACAINE? THE 
COMPARISON OF THE ANALGESIC EFFECT OF THE 
CONTINUOUS GLUTEAL SCIATIC NERVE BLOCK AFTER 
RECONSTRUCTIVE SURGERY OF ANKLE AND FOOT.

AUTHORS: T. Mae1, N. Haruyama1, S. Nishizaka2, K. Shinohara1, 
T. Arashi1, T. Yamasaki1

AFFILIATION: 1Anesthesiology, Tokyo Metropolitan Police 
Hospital, Tokyo, Japan, 2Anesthesiology, Tokyo Women’s Medical 
University, Tokyo, Japan

INTRODUCTION: Continuous nerve block is commonly 
performed to provide anesthesia or analgesia for patients 
undergoing reconstructive surgery of ankle and foot. With fewer 
side effects compared to other methods, this therapeutic block 
has been applicable to patients on anticoagulation, patients with 
transformed back anatomy and hemodynamically unstable patients. 
We proactively provide these patients with continuous gluteal 
sciatic nerve block during and after reconstructive surgery of ankle 
and foot.

METHODS: 42 patients, aged 18-80y with ASA physical status 1 
or 2 without asthma, scheduled for reconstructive surgery of ankle 
and foot were randomly assigned to two groups with continuous 
sciatic nerve block and general anesthesia. Before inducing general 
anesthesia, we performed gluteal sciatic nerve block with ultrasound 
and nerve stimulation guidance. General anesthesia was induced and 
maintained with propofol, remifentanil (TIVA ; total intravenous 
anesthesia). From beginning of surgery, patients received 0.2% 
Ropivacaine: Group A (n=21) or 0.375% Ropivacaine: Group 
B (n=21) 4ml/h with a possible addition of 3ml every 30 min via 
a patient-controlled bolus dose at least 24 hour. Postoperative 
SDLQ� VFRUH� ZDV� TXDQWL¿HG� DV� WKH� 1XPHULF� 5DWLQJ� 6FRUH� �156���
Postoperative nausea and vomiting (PONV), numbness and use of 
analgesics were monitored every 6 hours for 48 hours after surgery.

Our institutional Ethics Committee approved this study and all 
patients provided written informed consents to participate in all 
procedures associated to this study.

Data were analyzed by the Mann-Whitney U test and the chi-square 
WHVW��3������ZDV�FRQVLGHUHG�VWDWLVWLFDO�VLJQL¿FDQW�

RESULTS: There was no statistical difference in the incidence of 
PONV, numbness and the use of analgesics at all periods. Group 
%µV�156�ZDV�VLJQL¿FDQWO\�ORZHU�WKDQ�*URXS�$¶V�DW��K�S �������DQG�
6h(p=0.047) after surgery.

CONCLUSION: We obtained high precise analgesia with 0.375% 
Ropivacaine for continuous gluteal sciatic nerve block after 
reconstructive surgery of ankle and foot.
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ANALGESIA AFTER TOTAL HIP ARTHROPLASTY: 
PERIARTICULAR INJECTION VERSUS EPIDURAL PCA

AUTHORS: K. M. Jules-Elysee1, A. K. Goon1, G. H. Westrich2, Y. 
Lin1, D. E. Padgett2, R. L. Kahn1, A. S. Ranawat2

AFFILIATION: 1Anesthesiology, Hospital for Special Surgery, 
New York, NY, 2Orthopedic Surgery, Hospital for Special Surgery, 
New York, NY

INTRODUCTION AND GENERAL PURPOSE OF THE 
STUDY: The need for primary total hip arthroplasty (THA) is 
increasing as the United States population is aging. Unfortunately, 
the best analgesic regimen to achieve adequate pain control 
postoperatively is still questionable. This randomized double blind 
placebo controlled study compares the use of patient controlled 
epidural analgesia (PCEA) to periarticular injection (PAI). We 
hypothesized that PAI would lead to earlier readiness for discharge 
with decreased opioid consumption and lower pain scores.

METHODS: After IRB approval and informed consent, a 
total of 41 patients received PAI with bupivacaine, morphine, 
methylprednisolone and cefazolin, while a total of 43 patients had 
3&($�ZLWK�EXSLYDFDLQH���������K\GURPRUSKRQH�����ȝJ�PO���,Q�D�
double blind fashion, patients were randomized to receive either PAI 
at the end of surgery or PCEA. Preoperatively, both groups received 
dexamethasone 6 mg PO while the PAI group received a clonidine 
patch and oxycontin and the PCEA group had a placebo patch and 
pill. Intraoperatively, all patients received combined spinal/epidural 
anesthesia. Postoperatively, both groups had an epidural pain pump; 
the PAI group received normal saline infusion while the PCEA 
group received a bupivacaine and hydromorphone mixture. Both 
groups had foley insertion as well.

RESULTS AND MAJOR FINDINGS: Time to readiness for 
discharge was 2.4 ± 0.7 days vs. 2.3 ± 0.8 days for PAI and PCEA 
respectively, p=0.86 (Table 1). Mean length of stay was 3.0 ± 0.8 
days for PAI vs. 3.1 ± 0.7 days for PCEA, p = 0.46 (Table 1). A 
VLJQL¿FDQW� GLIIHUHQFH� RI� ����� �S ������ &,� ����� �� ������ IRU� SDLQ�
scores with ambulation and 0.80 (p=0.03, CI 0.09 - 1.51) with 
physical therapy was found in favor of the PCEA group (Table 
����2SLRLG�FRQVXPSWLRQ�ZDV�VLJQL¿FDQWO\�KLJKHU� LQ� WKH�3$,�JURXS�
on postoperative day (POD) 0 and POD 0-2, p=0.002 and 0.004 
respectively (Table 1). Opioid-Related Symptom Distress Scale 
�256'6�� VFRUHV� ZHUH� VLJQL¿FDQWO\� KLJKHU� LQ� WKH� 3&($� JURXS��
p<0.05 (Table 1). Quality of recovery scores-40 and patient 
satisfaction were similar (Table 1).

CONCLUSIONS: PAI did not decrease time to discharge. It was 
associated with higher pain scores and greater opioid consumption, 
but less ORSDS scores compared to PCEA. Quality of recovery 
scores and patient satisfaction were similar. The choice for analgesic 
regimen may be dependent on threshold for pain and potential 
side effects. In hospitals in which PCEA is not available or cost 
prohibitive, PAI is an acceptable alternative for pain relief following 
THA surgery.
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INCIDENCE OF DEVASTATING COMPLICATIONS OF 
EPIDURAL ANALGESIA IN THE UNITED STATES, 1998 - 
2010: A PERSPECTIVE FROM A MEGA DATA ANALYSIS 

AUTHORS: E. B. Rosero1, G. P. Joshi2

AFFILIATION: 1Anesthesiology and Pain Management, UT 
Southwestern Medical Center, Dallas, TX, 2Anesthesiology & Pain 
Management, University of Texas Southwestern Medical Center, 
Dallas, TX

INTRODUCTION: In order to make an informed decision about 
the use of epidural analgesia (EA), providers and patients need 
reliable estimates on the risk of devastating complications related 
to EA. Current evidence is however, controversial1,2. The aim of this 
study was to evaluate the incidence of EA-related complications 
(EA-RC) in the U.S. using a large national database.

METHODS: The Nationwide Inpatient Sample was analyzed 
to identify patients receiving EA from 1998 to 2010 in the U.S. 
($�5&�ZHUH�LGHQWL¿HG�XVLQJ�DSSURSULDWH�GLDJQRVLV�DQG�SURFHGXUH�
ICD-9 codes. The primary outcome was a composite of any spinal 
decompression, epidural abscess, spinal ischemia, or spinal MRI 
occurring during the same admission as the EA. Rigorous criteria 
were applied to ascertain relationship between EA and outcomes. 
Outcomes were considered not EA-RC if the principal procedure 
was a spinal or neurological surgery, the principal diagnosis was a 
neurological problem, any secondary diagnosis was pathology of 
the spine or any neurological infection, the outcome occurred before 
the EA or if the principal procedure was an aortic surgery (for spinal 
ischemia and MRI). Logistic regression models were conducted to 
assess patient and hospital characteristics associated with increased 
odds of EA-RC. Cochrane-Armitage trend tests were used to assess 
trends on outcomes over time. Results from weighted analyses 
are presented.

RESULTS:�$�WRWDO�RI�����������($�ZHUH�LGHQWL¿HG�EHWZHHQ������
and 2010. Most patients (84.0%) were women. Most EA (59.9%) 
were provided for obstetrical procedures, 12.2% for abdomino-
pelvic, 10.8% for orthopedic, 5.2% for cardiothoracic, and 1.2% 
for miscellaneous surgical procedures. In addition, 10.6% of the 
EAs were provided for non-surgical analgesia. Adverse outcomes 
ZHUH� LGHQWL¿HG� LQ� ���� SDWLHQWV�� IRU� DQ� RYHUDOO� FRPSOLFDWLRQ� UDWH�
of 25.8 per 100,000 EAs. Trend tests revealed, however, that the 
incidence of complications did not change over time (P for trend 
= 0.682). Spinal MRI without further intervention was the most 
frequent outcome (9.1/100,000) followed by spinal decompression 
(6.9/100,000), spinal ischemia (5.7/100,000), and spinal abscess 
(4.9/100,000). Logistic regression models revealed that factors 
associated with increased odds of EA-RC included higher Charlson 
&RPRUELGLW\�VFRUHV��RGGV�UDWLR�>25@������������FRQ¿GHQFH�LQWHUYDO�
[CI], 1.09-1.18; P < .0001), non-elective surgery (OR, 3.69; 95% CI, 
2.56 - 5.32; P < .001), teaching status of hospital (OR, 1.67; 95% 
CI, 1.12 - 2.50; P = .011), and type of procedure, with higher risk for 
cardiothoracic procedures, and lower risk for obstetrical procedures 
(P <0.0001). After adjusting for confounders, patients having an 
EA-RC were more likely to die during the hospitalization (OR, 3.71; 
95% CI, 1.99 - 6.93; P < .001).

CONCLUSIONS: Our analysis of large nationwide inpatient 
data reveals that the incidence of serious complications is about 
26/100,000 EAs. Patients with higher comorbidity scores having 
non-elective procedures in teaching hospitals are at higher risk 
for EA-RC.

REFERENCES:

1. Anesthesiology 2007; 106:997-1002

2. Br J Anaesth 2009; 102: 179-90

S-297.
HEMIDIAPHRAGMATIC PARALYSIS FOLLOWING 
ULTRASOUND-GUIDED SUPRACLAVICULAR VERSUS 
INFRACLAVICULAR BRACHIAL PLEXUS BLOCKADE: A 
RANDOMIZED CLINICAL TRIAL 

AUTHORS: S. D. Petrar1, M. E. Seltenrich2, S. J. Head2, 
S. K. Schwarz2

AFFILIATION: 1Department of Anesthesia, St. Paul’s Hospital, 
Vancouver, BC, Canada, 2Department of Anesthesiology, 
Pharmacology & Therapeutics, The University of British Columbia, 
Vancouver, BC, Canada

BACKGROUND: Hemidiaphragmatic paralysis due to inadvertent 
phrenic nerve blockade is a well-recognized complication of 
brachial plexus anesthesia whose incidence varies with the 
anatomical approach. However, the majority of reports on this 
complication stem from the era before the widespread use of 
ultrasound and ubiquitous move to ambulatory surgery. While 
there exists consensus that interscalene blockade carries the highest 
risk, the incidences associated with contemporary ultrasound-
guided supraclavicular versus infraclavicular techniques have not 
been extensively studied. Hence, the objectives of this study were 
WR� GH¿QH� WKH� FRPSDUDWLYH� LQFLGHQFHV� DVVRFLDWHG� ZLWK� WKHVH� WZR�
common approaches, and test the hypothesis that ultrasound-guided 
infraclavicular brachial plexus blockade results in a lower incidence 
compared to the supraclavicular approach when a standard local 
anesthetic volume and concentration is used.

METHODS: With institutional human ethics board approval, we 
enrolled 64 patients undergoing right-sided arm and hand surgery 
in a randomized, blinded, parallel-group clinical trial. Patients were 
randomly assigned to receive ultrasound-guided supraclavicular 
or infraclavicular blockade with 30 mL of 0.5% ropivicaine. 
We measured diaphragmatic excursion pre-, and at 15 and 30 
min post-block with the voluntary sniff (VS) test using M-mode 
ultrasonography. We assessed sensory brachial plexus blockade by 
testing for perception of cold and touch in the distributions of the 
major branch nerves of the brachial plexus. The primary endpoint 
was the incidence of complete hemidiaphragmatic paralysis at 30 
PLQ��GH¿QHG�DV�D�!�����UHGXFWLRQ� LQ�GLDSKUDJPDWLF�H[FXUVLRQ� LQ�
WKH�96� WHVW�� SDUWLDO� SDUDO\VLV�ZDV� GH¿QHG� DV� D� UHGXFWLRQ� EHWZHHQ�
25% and 75%.

RESULTS: All 64 patients completed the trial (each group, n = 
32). Eleven patients (34%) in the supraclavicular group versus one 
(3%) in the infraclavicular group had complete hemidiaphragmatic 
paralysis at 30 min (Fisher’s exact test, P = 0.001 [one-tailed]; 
relative risk, 11.00 [95% CI, 1.51–80.32]). The percentages of 
patients with any (complete or partial) hemidiaphragmatic paralysis 
were 44% and 13%, respectively (P = 0.006; relative risk, 3.50 [95% 
CI, 1.29–9.49]). Eight patients (25%) in the supraclavicular group 
versus 5 in the infraclavicular group reported mild to moderate 
dyspnea (P = 0.54; range of verbal rating scale [0–10] scores, 
1–5). No patients had block failure requiring unscheduled “rescue” 
conversion to general anesthesia. One patient in the infraclavicular 
group and none in the supraclavicular group reported residual 
sensory blockade on postoperative day one.

CONCLUSIONS: Ultrasound-guided supraclavicular brachial 
plexus blockade with 30 mL of 0.5% ropivacaine produced complete 
hemidiaphragmatic paralysis in approximately one third of patients. 
While the infraclavicular approach greatly reduced this risk, it did 
not completely eliminate it. These data may aid in the selection of 
the approach to brachial plexus blockade, particularly in ambulatory 
patients and/or those with respiratory comorbidities.
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A META-ANALYSIS OF OVERNIGHT OXIMETRY AS AN 
INDEPENDENT SCREENING TOOL FOR OBSTRUCTIVE 
SLEEP APNEA

AUTHORS: A. Kumar, S. Ramachandran

AFFILIATION: Anesthesiology, University of Michigan, Ann 
Arbor, MI

INTRODUCTION: Obstructive Sleep Apnea (OSA) is associated 
ZLWK� VLJQL¿FDQW� FRPRUELGLWLHV�� HDUO\� PRUWDOLW\� DQG� SRVWRSHUDWLYH�
morbidity.1 As overnight polysomnography is time-consuming 
and expensive, the majority of patients with the condition are 
undiagnosed, making preoperative screening for OSA an essential 
VWHS�IRU�ULVN�PRGL¿FDWLRQ��&OLQLFDO�VFUHHQLQJ�WHVWV�KDYH�VLJQL¿FDQW�
prediction heterogeneity and moderate to poor accuracy, with pooled 
sensitivity of 0.52 and positive predictive value of 0.6 for diagnosis 
of OSA.2 The purpose of this study was to perform a systematic 
review on the accuracy of overnight oximetry as an independent 
screening tool for OSA.

METHODS:�:H� VHDUFKHG� WKH� 3XE0HG� GDWDEDVH� WR� ¿QG� FOLQLFDO�
studies using various methods of analysis of oximetric data in the 
diagnosis of OSA. The gold standard comparison in all studies was 
overnight polysomnography. After a systematic process of study 
inclusion (Fig 1) and evaluation of quality, we abstracted raw or 
derived 2x2 data to perform pooled analyses based on each of the 
four major test types: cumulative time spent under SpO2 90%, 
oxygen desaturation indices, linear models, and nonlinear models, 
and generated a Summary Receiver Operating Characteristic 
(SROC) curve (Fig 2).3 We then performed DerSimonian-Laird 
random effects meta-regression to identify variance in prediction 
accuracy between these methods, after adjusting for available 
patient demographics and study quality.3,4 The resulting parameter 
estimates were back-transformed to relative diagnostic odds ratios 
(rDOR). Further meta-regression analyses were performed to 
quantify variance between individual prediction methods.

RESULTS: Thirty-six studies met our inclusion criteria for 
analysis. Pooled results indicated greater diagnostic accuracy 
with increasing OSA severity and by test type (rDOR 1.23 95% 
CI [1.05, 1.44]). The SROC curve presented an AUC=0.90 (SE 
�������� $GGLWLRQDO� DQDO\VHV� LGHQWL¿HG� LQFUHDVLQJ� DFFXUDF\� IURP�
cumulative time spent under SpO2 90%, oxygen desaturation index, 
linear models, to nonlinear models. Pooled estimates [95% CI] for 
nonlinear models for diagnosis of OSA were sensitivity 0.84 [0.83, 
����@��VSHFL¿FLW\������>����������@�DQG�GLDJQRVWLF�RGGV�UDWLR�������
[16.30, 22.81]. The positive predictive value [SD] was 0.85 ± 0.05. 
Pooled estimates are presented in Table 1. Of the nonlinear methods, 
multilayer perceptron networks and logistic regression analysis 
were associated with highest diagnostic accuracy (Table 2).

CONCLUSIONS: Overnight oximetry is a relatively cheap but 
highly accurate method of predicting OSA. The vastly superior 
sensitivity and positive predictive value compared to traditional 
clinical screening tests makes preoperative overnight oximetry 
screening relevant for clinical decision making and resource 
XWLOL]DWLRQ��'LDJQRVWLF�DFFXUDF\�LV�VLJQL¿FDQWO\�HQKDQFHG�E\�XVLQJ�
nonlinear modeling of SpO2 time series data.

REFERENCES:

1. Sleep Breath. Vol 17; pg 1109-15. 2013.

2. Anesthesiology.Vol 110; pg 928-39. 2009.

3. BMC Med Res Methodol. Vol 6; pg 31. 2006.

4. J R Stat Soc Ser A Stat Soc. Vol 172; pg 137-59. 2009.
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FATIGUE FROM SLEEP DEPRIVATION WHILE ON CALL 
PROMOTES RISKY BEHAVIORS ON THE POST CALL DAY 

AUTHORS: C. Scher1, J. Huang1, A. Clebone2

AFFILIATION: 1Anesthesiology, New York University School of 
Medicine, New York, NY, 2Anesthesiology, Case Western Reserve 
University School of Medicine, Cleveland, OH

INTRODUCTION: A 24 hour call with four hours or less of 
sleep results in physical and mental dysphoria including nausea, 
headaches, and cognitive decline.1 Sleep deprivation of this 
magnitude is equal to a blood alcohol level of 0.05-0.1%, equivalent 
to inebriation in most states, and clearly hazardous.2 While 
information exists about call shifts and cognition, this study is the 
¿UVW� WR� H[DPLQH� DQHVWKHVLRORJLVW� KHDOWK� RQ� WKH� SRVW� FDOO� GD\��:H�
hypothesized that health would be negatively impacted and risky 
activities would occur on the post call day.

METHODS: With IRB approval, an anonymous survey was 
distributed to both residents and attending anesthesiologists at the 
NYSSA-PGA meeting. Items were scored with a 5 point Likert scale, 
and age and gender were collected as demographic information.

RESULTS: 68 surveys were completed at the PGA meeting for 
this pilot study. “Post-Call Risky Behaviors” included the use of 
alcohol, recreational drugs, and sleeping pills, as well as unsafe 
GULYLQJ������IRXQG�LW�H[WUHPHO\�GLI¿FXOW�WR�IDOO�DVOHHS�RQ�WKH�SRVW�
call day (after <4 hours of sleep on call). 18% used at least two 80 
proof drinks to aid with sleep after arriving home, a majority of 
whom were over 40 years of age. 15% of those under 40 years of age 
used marijuana to fall asleep. The use of sleeping pills was reported 
in only 2 respondents, much lower than the general population. 50% 
admitted to driving home after call, but only 18% reported falling 
asleep one or more times at the wheel. Over 95% agreed that it was 
unsafe to drive after call. 26% of did not go to sleep post call (after 
<4 hours of sleep on call) until the evening of the post call day. 38% 
claimed to overeat on their post call day. Age was not a factor in the 
latter 6 results.

CONCLUSIONS: Call shifts with <4 hours of sleep were disruptive 
to a majority of participants, although the use of substances for sleep 
was much lower. Driving home after call is worth re-evaluating, 
as falling asleep at the wheel is hazardous to the anesthesiologist 
as well as to bystanders. Although a full quarter of participants 
stayed awake during the day after call, the physiologic and mental 
effects of this loss of sleep, especially as it accumulates over 
time, is unknown. Alcohol to promote sleep could lead to further 
behavioral issues and disrupted sleeping patterns. LIttle is known 
about marijuana as a sleep aid. Overeating on a single day is likely 
not harmful, but the additive effects with frequent call could lead 
to weight gain and decreased cardiovascular health. This study was 
SHUIRUPHG�DV�D�SLORW��DQG� WKH�SRZHU� IRU� WKH�GH¿QLWLYH�VXUYH\�ZLOO�
be increased by distribution at the IARS and ASA meetings. The 
symptoms of severe fatigue reported here warrant further study of 
severe sleep deprivation while on call and poor coping behaviors 
after call. Improving the post call physical and mental health of 
WKH� DQHVWKHVLRORJLVW� ZLOO� EHQH¿W� WKH� SURIHVVLRQ�� RXU� SDWLHQWV�� DQG 
the public.

REFERENCES:

1.  JAMA Neurol 70(12) 2013

2.  Occup Environ Med 57:649-655. 2000. 3. Acad Med. 66(11) 
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S-300

S-300.
NEW PERSPECTIVE IN PROPOFOL AND SLEEP 
INTERACTION

AUTHORS: M. A. Maher1, E. A. Maher2, A. I. Helmy3, 
M. I. Hussein1

AFFILIATION: 1Anesthesilogy, Theodor Bilharz Research 
Institute, Giza, Egypt, 2Neurophysiology, Faculty of medicine, 
cairo university, cairo, Egypt, 3surgery, Theodor Bilharz Research 
Institute, giza, Egypt

INTRODUCTION: It is believed that propofol acts on many brain 
areas that have been implicated in the initiation and maintenance of 
QDWXUDO� VOHHS���6HYHUDO� VWXGLHV� VXJJHVWHG� WKDW� LW� VDWLV¿HV� WKH�QHHG�
for both rapid eye movement (REM) and slow wave sleep (SWS)1,2. 
Other studies proved that though propofol slow wave activity 
shares many features with SWS yet they are not identical 3. Most 
of those studies were based either on animal models or on induced 
sleep deprivation with no further clinical extrapolation1,2,4. In this 
study we investigate the relation between natural preoperative sleep 
(REM and SWS) and propofol induction dose and whether or not 
this relation has clinical impact.

METHODS: After obtaining ethical committee approval 27 ASA 
I adult male patients scheduled for elective surgery with age(20-
40) years and body mass index (BMI)(25-30) were included in this 
study. The night just before the operation, patients were subjected 
to at least 8 hours sleep EEG which was scored for the following: 
Total Sleep Time (TST), % of Slow Wave Sleep(SWS)and % of 
Rapid Eye Movement (REM). Propofol induction dose (mg kg-1) 
achieving Bispectral Index (BIS) value between 40 and 60 was 
recorded in all patients. Correlation between propofol dose and both 
6:6���DQG�5(0���ZDV�GRQH��$IWHU�WKDW�3DWLHQWV�ZHUH�FODVVL¿HG�
according to sleep EEG into good sleepers (10 patients) and bad 
sleepers (9 patients), 8 patients had borderline values. Propofol dose 
in good sleepers and bad sleepers was compared.

RESULTS: There was a positive correlation between propofol 
induction dose and both SWS (%) (r= 0.583; p= 0.003) and REM 
(%) (r= 0.550; p= 0.005). The median value of propofol induction 
dose in good sleepers was 1.70 (1.00-2.00); while in the bad sleepers 
LW�ZDV�VLJQL¿FDQWO\�ORZHU�������������������S�YDOXH�������

Conclusion: Propofol dose was strongly correlated with 
SUHRSHUDWLYH� �5(0� DQG� �6:6� ZKLFK� FRQ¿UPV� WKHLU� FRPPRQ�
neurophysiological pathways. This correlation has clinical impact 
VKRZQ� LQ� WKH�VLJQL¿FDQW�GHFUHDVH� LQ�SURSRIRO�GRVH�QRWLFHG� LQ�EDG�
sleepers. So we recommend adding preoperative sleep quality to 
routine history taking.

REFERENCES:

1.  Anesthesia and sleep. Sleep Medicine Review; 8 (3): 213-225. 
2004

2.  Recovery from sleep deprivation occurs during propofol 
anesthesia. Anesthesiology; 100 (6):1419-26. 2004
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4.   Sleep deprivation potentiates the onset and duration of 
ORVV�RI�ULJKWLQJ�UHÀH[�LQGXFHG�E\�SURSRIRO�DQG�LVRÀXUDQH��
Anesthesiology; 97 (4): 906-911. 2002
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CHRONIC OPIOID USE AND CENTRAL SLEEP APNEA 
- A REVIEW OF THE PREVALENCE, RISK FACTORS, 
MECHANISMS, AND PERIOPERATIVE CONSIDERATIONS

AUTHORS: D. Correa1, F. Chung1, R. J. Farney2, A. Prasad1, J. Wong1

AFFILIATION: 1Anesthesiology, Toronto Western Hospital, 
Toronto, ON, Canada, 2Sleep Medicine, Intermountain Sleep 
Dissorders Center, Salt Lake City, UT

BACKGROUND: Respiratory depression is a well-recognized 
adverse effect of opioids. Chronic opioid use is associated with 
the development of sleep disordered breathing such as central 
sleep apnea (CSA). A large number of patients on chronic opioids 
may suffer from unrecognized sleep apnea that contributes to 
unexplained morbidity and mortality.

Currently information regarding the perioperative management of 
patients with sleep disordered breathing associated with chronic 
opioid use is limited in the anesthesiology literature. The objectives 
RI� WKLV� UHYLHZ� DUH� WR� GH¿QH� WKH� SUHYDOHQFH� DQG� ULVN� IDFWRUV� RI�
respiratory disturbances occurring during sleep that are associated 
with chronic opioid therapy.

METHODS: We searched Medline (1946 - November 2013), 
Medline in process and other Non-indexed citations, Cochrane 
database of systematic reviews and Cochrane central Registry 
of Controlled Trials (2005 - October 2013), Embase (1997 - 
November 2013), PubMed basic search (1946 - November 2013) 
and sleep medicine meeting abstracts. All prospective, retrospective 
VWXGLHV� DQG� FDVH� UHSRUWV�ZHUH� LQFOXGHG� LI� ���&6$�ZDV� FRQ¿UPHG�
by polysomnography 2) prevalence, opioid medication and dose, 
concurrent medications and treatment of patients with CSA were 
UHSRUWHG�� 'H¿QLQJ� IHDWXUH� RI� &6$� ZDV� VLPXOWDQHRXV� DEVHQFH� RI�
DLUÀRZ� DQG� EUHDWKLQJ� HIIRUW� �� ��� VHFRQGV�� &HQWUDO� DSQHD� LQGH[�
�&$,������HYHQWV�KU�ZDV�FRQVLGHUHG�VLJQL¿FDQW�

RESULTS: The search strategy yielded 7 studies and 4 case 
reports, including 504 patients. All patients were on chronic opioid 
medication and had completed polysomnography. Three hundred 
and seventy-three patients were on chronic opioid medication and 
were referred to sleep clinics for evaluation of sleep disordered 
breathing. The remaining 131 patients were on methadone 
maintenance therapy and polysomnography was performed to 
explore the possibility of sleep disordered breathing.

The overall prevalence of CSA was (34.3%). A morphine equivalent 
daily dose higher than 200 mg was strongly associated with the 
severity of sleep disordered breathing, predominantly central sleep 
apnea. Concurrent use of benzodiazepines, hypnotics and an inverse 
relationship of body mass index were also associated with the 
VHYHULW\�RI�&6$��7KHUH�ZHUH�FRQÀLFWLQJ�UHVXOWV�IRU�WKH�EHVW�SRVLWLYH�
airway pressure therapy for opioid-induced CSA. Continuous 
positive airway pressure (CPAP) may be ineffective in eliminating 
or may even increase CSA but remains as an initial mode of titration. 
Some reports state, effective therapy with adaptive servo ventilation 
or bilevel positive pressure ventilation with back-up rate.

CONCLUSION: The overall prevalence of CSA in patients taking 
chronic opioids was 34.3%. The most important risk factors were a 
morphine equivalent daily dose higher than 200mg, concurrent use 
of sedatives or hypnotics and low BMI. CPAP may be ineffective 
for treatment of CSA. There are limited data available on the peri-
operative management of patients with CSA associated with chronic 
opioid use. There is a need for further prospective studies on the 
peri-operative risks and management of these patients.
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EFFECTS OF CONTINUOUS POSITIVE AIRWAY 
PRESSURE ON POSTOPERATIVE ADVERSE EVENTS IN 
OBSTRUCTIVE SLEEP APNEA PATIENTS UNDERGOING 
SURGERY. A SYSTEMATIC REVIEW AND META-
ANALYSIS

AUTHORS: M. Nagappa, D. Wong, J. Wong, F. Chung

AFFILIATION: Department of Anesthesiology, Toronto Western 
Hospital, Toronto, ON, Canada

INTRODUCTION: Obstructive sleep apnea is a commonly 
encountered co-morbid condition in patients undergoing surgery 
and is associated with a higher risk of postoperative adverse events. 
Treatment by continuous positive airway pressure (CPAP) may 
decrease the risk of adverse events. The objective of this meta-
analysis is to determine the effectiveness of CPAP in reducing the 
risk of postoperative adverse events in obstructive sleep apnea 
(OSA) patients undergoing surgery.

METHODS: A search of the literature databases Medline 
(from 1946 to 2013), Medline in-process and other non-indexed 
citations, Embase (from 1947 to 2013), Cochrane central register 
of controlled trials, Cochrane database of systematic reviews and 
Health technology assessment (4th Quarter 2013) was carried out. 
The search strategy yielded 1970 citations. Irrelevant papers were 
excluded by title and abstract review, leaving 101 manuscripts. 
We reviewed the studies that included: 1) A target population of 

surgical patients with obstructive sleep apnea; 2) CPAP as a study 
intervention; 3) Effects of CPAP on postoperative adverse events; 
4) OSA surgical patients without CPAP as a comparison group. 
The postoperative complications were cardiac events or respiratory 
events or any complication requiring ICU admission. Statistical 
analysis was carried out using the Review Manager 5.2 software. 
7KH� SRROHG� ULVN� UDWLR� DQG� WKH� QXPEHU� QHHGHG� WR� WUHDW� WR� EHQH¿W�
(NNTB) for postoperative complications were estimated.

RESULTS: The meta-analysis was carried out in 6 studies 
including a total of 1342 patients (CPAP group n=725 and no-
CPAP group n=617). Four trials were observational studies1-4, while 
two were randomized control trials5,6��2YHUDOO�&3$3� VLJQL¿FDQWO\�
reduced the risk of postoperative complications (risk ratio, 0.73; 
���� FRQ¿GHQFH� LQWHUYDO�� �����������ZLWK� D� FRUUHVSRQGLQJ�117%�
RI���������FRQ¿GHQFH�LQWHUYDO�������������7KH�YDULDWLRQ�LQ�ULVN�UDWLR�
attributable to heterogeneity was negligible (I2=14%) and there was 
a low risk of bias.

CONCLUSION: This meta-analysis suggests that perioperative 
CPAP decreases the risk of postoperative adverse events in OSA 
patients undergoing surgery and supports its clinical use in these 
patients during perioperative period.

REFERENCES:

1. Mayo Clin Proc 2001; 76:897-905.

2. Surgery 2007; 142:608-612.

3. Surgery for Obesity and Related Diseases 2008; 4:512-514

4. Can J of Anesth 2009; 56:819-828.

5. Anesthesiology 2013; 119:837-47.

6. Chest 2013; 144:72-78.
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S-303.
ADHERENCE TO GUIDELINES FOR THE MANAGEMENT 
OF LOCAL ANESTHETIC SYSTEMIC TOXICITY IS 
IMPROVED BY AN ELECTRONIC DECISION SUPPORT 
TOOL AND DESIGNATED ‘READER’

AUTHORS: R. Hand1, M. D. McEvoy2, W. D. Stoll1, C. M. Furse1, 
P. J. Nietert3

AFFILIATION: 1Anesthesiology and Perioperative Medicine, 
Medical University of South Carolina, Charleston, SC, 
2Anesthesiology, Vanderbilt University Medical Center, Nashville, 
TN, 3Department of Public Health Sciences, Medical University of 
South Carolina, Charleston, SC

INTRODUCTION: It has been reported recently that the risk 
of local anesthetic systemic toxicity (LAST) as a complication 
of neuraxial or regional anesthesia blocks is rare and may be 
decreasing in frequency. However, the risk has not been reduced to 
zero. Thus, when LAST occurs, prompt recognition and treatment 
must be initiated according to published guidelines in order to 
ensure the best possible patient outcome.1 Anesthesiology residents 
are expected to be able to manage such emergency situations, but 
prior studies have shown that performance during simulations of 
perioperative emergencies is often suboptimal when scenarios are 
managed from memory alone.

In light of this concern, a recent study demonstrated that use of a 
paper cognitive aid containing the published management algorithm 
for LAST improved adherence to guidelines.2 While the results 
of this study were promising, if the goal is perfect adherence 
to guidelines in these high-risk iatrogenic perioperative events, 
the mere presence of a cognitive aid does not ensure a high level 
of adherence to published guidelines. Addition of a designated 
‘Reader’ of the paper cognitive aid during a study of simulations 
was found to improve adherence to guidelines.

As such, we conducted a prospective, single-blinded randomized 
controlled trial using in-situ simulation to test the hypothesis that 
the addition of a designated ‘Reader’ with an electronic DST would 
improve adherence to published guidelines in the management of 
LAST as compared with management from memory alone.

METHODS: Anesthesiology residents were randomized to 
Reader+DST (N = 16, rDST) and Control (N = 15, memory alone). 
The rDST group received the assistance of a dedicated ‘Reader’ on 
the response team who was equipped with an electronic DST. The 
Control group managed the scenarios from memory alone, which 
is the native behavior for most physicians. The primary outcome 
measure was adherence to guidelines.

RESULTS: For overall and critical percent correct scores, the 
rDST group scored higher than Control (99.9% vs. 73.0%, p < 
0.0001; 99.9% vs. 70.9%, p < 0.0001, respectively). In the LAST 
scenario, 0 of 15 (0%) in the control group performed 100% of 
critical management steps, while 15 of 16 (93.8%) in the rDST 
group did so (p<0.0001). 

CONCLUSIONS: In a prospective, randomized single-blinded 
study, a designated ‘Reader’ with an electronic DST improved 
adherence to guidelines in the management of an in-situ simulation 
of LAST. Such tools are promising in the future of medicine, but 
IXUWKHU�UHVHDUFK�LV�QHHGHG�WR�GH¿QH�WKHLU�SURSHU�SODFH�LQ�UHVLGHQF\�
training curricula, as this study would suggest that the use of such 
DLGV� PD\� EH� RI� JUHDW� EHQH¿W� EXW� WUDLQLQJ� ZLWK� VXFK� WRROV� LV� QRW�
currently a part of most training curricula.

REFERENCES:

1.  Neal JM, Bernards CM, Butterworth JFt, et al. ASRA practice 
advisory on local anesthetic systemic toxicity. Regional 
anesthesia and pain medicine 2010;35:152-61.

2.  Neal JM, Hsiung RL, Mulroy MF, Halpern BB, Dragnich 
AD, Slee AE. ASRA checklist improves trainee performance 
during a simulated episode of local anesthetic systemic toxicity. 
Regional anesthesia and pain medicine 2012;37:8-15.
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SATISFACTION GUARANTEED? ASSESSING 
SATISFACTION WITH IPAD APPLICATIONS TO 
FACILITATE EMERGENCE IN NON-NATIVE ENGLISH 
SPEAKERS 

AUTHORS: M. C. Galvez1, P. O’Connor1, D. Glick2

AFFILIATION: 1Anesthesia and Critical Care, The University of 
Chicago, Chicago, IL, 2Anesthesiology and Critical Care, University 
of Chicago, Chicago, IL

INTRODUCTION: According to United States census data, 
nearly 60 million people speak a language other than English at 
home. This diversity of language preferences can pose challenges 
in the perioperative setting where communication barriers between 
patients and anesthesiologists can compromise both patient safety 
and comfort. A previous study (Phase 1), which used recorded 
commands from family members, found a preferential response to 
a patient’s native language upon emergence, even after controlling 
for differences in responses in the “awake” state. Here we present 
the results of Phase 2 of the study in which we transitioned to a 
technological based approach to the challenge of communication 
with non-English speakers in the perioperative period. In this phase, 
foreign language commands were generated using commercial 
translation applications available for the iPad.

METHODS: After obtaining IRB approval, patients whose self 
assessed language skills were better in a foreign language than 
in English were enrolled and demographic data were collected. 
During emergence from general anesthesia, the English and foreign 
ODQJXDJH� FRPPDQGV� RI� ³RSHQ� \RXU� H\HV´�� ³VTXHH]H�P\� ¿QJHUV´��
and “wiggle your toes” were played in alternation in each language 
on an iPad, pausing to allow for a response. The translations were 
obtained through the iTranslate, Google Translate, and the iHandy 
Translator apps for the iPad.

RESULTS: 88 patients were enrolled. Compared to Phase 1 of the 
VWXG\��WKHUH�ZDV�QRW�D�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFH�LQ�WKH�OHYHO�
of satisfaction of the patients’ family members when computerized 
translations were used instead of recordings of family members 
(9.93 on a 1-10 ascending scale for Phase 1 versus 9.79 when using 
WUDQVODWLRQ� DSSV�� �WDEOH� ���� 7KHUH� ZDV� D� VWDWLVWLFDOO\� VLJQL¿FDQW�
decrease in patient satisfaction (p<0.05) when using translation 
apps (mean= 8.7) instead of using recorded commands made by 
their family members (mean=9.35) (table 1).

DISCUSSION:�2XU�¿QGLQJV�GHPRQVWUDWH�WKDW�ERWK�SDWLHQWV�DQG�WKHLU�
families have very high levels of satisfaction (8.7 or higher on a 10 
point scale) with either technique used to improve the postoperative 
communication with non-native English speakers. Nevertheless, the 
VWDWLVWLFDOO\�VLJQL¿FDQW�GHFUHDVH�LQ�VDWLVIDFWLRQ�VHHQ�LQ�WKH�SDWLHQWV�
surveyed when the iPad based system was used suggests that there 
might be some improvement in patient satisfaction associated with 
hearing the commands given by the familiar voice of a family 
member even when patients are in the semi-sedated state associated 
with emergence from general anesthesia.

REFERENCES:

1.  Census News [Online]. 2010, URL: http://www.census.
gov/012634.html

Table 1: Patient Satisfaction

Phase 1 Phase 2

Mean: 9.35 8.7

Std Dev: 1.268 1.931

Std Err: 0.145 0.294

95% CI: (9.059, 9.638) (8.103, 9.292)

N: 76 43

T-Test bw Phases 1 & 2:
�S ��������S�������VLJQL¿FDQW�GLIIHUHQFH�EZ�SKDVHV

Table 2: Family Satisfaction

Phase 1 Phase 2

Mean: 9.93 9.79

Std Dev: 0.359 0.38

Std Err: 0.044 0.105

95% CI: (9.840, 10.013) (9.563, 10.022)

N: 68 13

T-Test bw Phases 1 & 2:
S �������S!������QR�VLJQL¿FDQW�GLIIHUHQFH�EZ�SKDVHV
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MINIMALLY INVASIVE PREDICTION OF SCVO2 IN HIGH-
RISK SURGERY: THE INTRODUCTION OF A MODEL 
INDEX OF OXYGENATION 

AUTHORS: H. S. de Grooth, J. Vos, T. Scheeren, P. A. van Beest

AFFILIATION: Anesthesiology, University Medical Center 
Groningen, Groningen, Netherlands

INTRODUCTION: The purpose of this study was to examine the 
trilateral relationship between cardiac index (CI), tissue oxygen 
saturation (StO2) and central venous oxygen saturation (ScvO2) and 
subsequently develop a model to predict ScvO2 on minimal invasive 
manner in patients undergoing major elective surgery.

METHODS: The continuous data of thirty-three high-risk non-
cardiac surgical patients from a randomized controlled trial 
(NCT01342900) were analyzed on a between- and within-patient 
basis using regression on group means, random-effects Generalized 
Least Squares (GLS) regression. Trend concordance was assessed 
using a four-quandrant plot. We developed a model Index of 
Oxygenation (IO) to predict ScvO2 based on CI, StO2, heart rate 
(HR), fraction of inspired oxygen (FiO2) and mean arterial pressure 
(MAP). The dataset was split by randomizing each patient into an 
HVWLPDWLRQ� RU� YDOLGDWLRQ� VXEVDPSOH��5DQGRPL]DWLRQ�ZDV� VWUDWL¿HG�
by type of surgery. IO was validated using random-effects GLS 
regression, a Bland-Altman analysis and four-quadrant concordance.

RESULTS: The patients were monitored for an average duration 
on 227.5 minutes, giving 7509 observations in total. We could not 
HVWDEOLVK� D� SRVLWLYH� VLJQL¿FDQW� DVVRFLDWLRQ� EHWZHHQ� 6W22 and CI 
using regression analyses (slope of -1.08 (p=0.15; 95%CI -2.54 
WR��������ZLWKLQ�5��������¿JXUH�����7UHQGLQJ�FRQFRUGDQFH�LV�QRQ�
existent (on a 5-minute basis: 56%) or very weak (on a 60-minute 
EDVLV�� ����� ¿JXUH� ���� &,� ZDV� IRXQG� WR� EH� VWURQJO\� DVVRFLDWHG�
with ScvO2 on a within-patient basis, but lacks predictive power 
in explaining between-patient differences. StO2, in contrast, was 
VLJQL¿FDQWO\� DVVRFLDWHG� ZLWK� EHWZHHQ�SDWLHQW� 6FY22 differences, 
but does not follow (short term) within-patient ScvO2 variability 
�¿JXUH�����7KH�PHDQ�GLIIHUHQFH�RU�ELDV�EHWZHHQ�6FY22 and IO is 
1.07% (95% limits of agreement -14.7% to 16.9%). Concordance 
for 5-minute and 60-minute trends was 71% and 90%, respectively. 
The IO model was translated into a linear prediction, which was 
then scaled back to the mean (78.5) and SD (6.49) of ScvO2 in the 
estimation sample, according to the following formula (the brackets 
denote standardized variables):

Figure 4 displays the complete intraoperative ScvO2 data and the IO 
prediction for two patients in the validation sample.

CONCLUSIONS: StO2� FDQQRW� EH� FRQVLGHUHG� D� ÀRZ� GHSHQGHQW�
variable during high-risk surgery. We hypothesize that StO2 is a 
gauge of microcirculatory functioning more than a measure of 
systemic oxygen balance. IO is a better estimator is ScvO2 than 
either CI or StO2 alone and could potentially be used for minimally 
invasive monitoring of systemic oxygenation.

S-305 • CONTINUED ON NEXT PAGE
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S-306.
EVALUATION OF A DECISION SUPPORT SYSTEM TO 
IMPROVE TIMELY PERIOPERATIVE ANTIBIOTIC 
REDOSING AND CHARGE CAPTURE OF INVASIVE LINE 
PLACEMENTS

AUTHORS: N. M. DiGiovanni1, B. G. Nair2, J. R. Douglas1, 
S. Newman2, A. Schubert1

AFFILIATION: 1Anesthesiology, Ochsner Medical Center and 
Ochsner Clinical School - University of Queensland, New Orleans, 
LA, 2Anesthesiology and Pain Medicine, University of Washington, 
Seattle, WA

INTRODUCTION: Anesthesia Information Management System 
(AIMS) based decision support modules have been shown to 
improve quality of care and revenue capture. These modules have 
been primarily evaluated in institutions where they were originally 
developed1. This study will evaluate the effectiveness of a decision 
support module, Smart Anesthesia Manager (SAM), at an institution 
different from where it was originally developed.

METHOD: SAM, originally developed at the University of 
Washington (UW) (Seattle, WA), was implemented at Ochsner 
Medical Center (New Orleans, LA) to improve timely redosing of 
perioperative antibiotics and documentation of invasive lines. SAM 
would generate real-time “popup” reminders on the AIMS computer 
screen when the administered antibiotic was due for a redosing 
based on institutional guidelines. Antibiotic redosing compliance 
was determined if the antibiotic was given within ±15 minutes 
RI� WKH� UHGRVLQJ� WLPH� LQWHUYDO�� 6LPLODUO\�� QRWL¿FDWLRQV� ZHUH� DOVR�
issued when either a valid arterial or central venous blood pressure 
measurement was detected, but no corresponding documentation for 
the placement of the invasive line was provided. No reminders were 
issued for pulmonary artery catheter placement. After Institutional 
Review Board (IRB) approval, perioperative antibiotic redosing and 
invasive line documentation compliance data was extracted from 
the AIMS database before and after instituting SAM reminders.

Table 1: Effect of SAM reminders on timely perioperative antibiotic redosing

Case needing 
antibiotic redosing

Cases with 
timely redosing

Compliance

Baseline (12 Months) 2481 352 14.20%

Without SAM reminders

Intervention (12 
Months)

2631 1563 59.40%

With SAM reminders

p-value (Chi-square test) <0.001 

Table 2: Effect of SAM reminders on invasive lines documentation

Baseline (4.5 months)
Without SAM reminders

Intervention (4.5 months)
With SAM reminders

p-value 
(Chi-square 
test)Total Lines Complete 

Documentation
Compliance Total Lines Complete 

Documentation
Compliance

Arterial 2102 1802 85.70% 1952 1843 94.40% <0.001

CVC 878 743 84.60% 784 728 92.90% <0.001

PAC 438 335 76.50% 372 270 72.60% 0.23

CVC - Central Venous Catheter, PAC - Pulmonary Artery Catheter

RESULTS: Baseline compliance for timely antibiotic redosing 
was 14.2%, which increased to 59.4% after the decision support 
module, SAM, was initiated (p<0.001). [Table 1] Similarly, baseline 
compliance for completed documentation of arterial and central 
venous lines increased from 85.7% to 94.4% (p<0.001) and from 
84.6% to 92.9% (p<0.001) respectively. [Table 2] This translated 
to an additional 39 arterial and 15 central venous lines that were 
correctly documented per month. This resulted in an increased 
charge capture of $181,440 per annum. With no reminders 
for pulmonary artery catheter documentation, compliance for 
completed documentation remained the same (76.5% baseline, 
72.6% intervention, p=0.23).

SUMMARY: Both timely antibiotic redosing and invasive line 
documentation improved with SAM reminders. Improvement 
in antibiotic redosing at Ochsner (45.2%) was higher than that at 
UW (21.4%)2. However, the improvement in the documentation of 
arterial (8.7% vs 25.7%) and central venous lines (8.3% vs 9.6%) 
was lower at Ochsner when compared with UW3. This study shows 
that an anesthesia clinical decision support module developed at 
another institution can be effective elsewhere.

REFERENCES:

��� �$XWRPDWHG�'RFXPHQWDWLRQ�(UURU�'HWHFWLRQ�DQG�1RWL¿FDWLRQ�
Improves Anesthesia Billing Performance. Anesthesiology; 
106(1):157-163; 2007.

2.  Automated electronic reminders to improve redosing 
of antibiotics during surgical cases: comparison of two 
approaches. Surg Infect; 12(1):57-63; 2011.

3.  Improved billing of invasive line procedures through real-time 
QRWL¿FDWLRQ�RI�GRFXPHQWDWLRQ�HUURUV��$PHULFDQ�6RFLHW\�RI�
Anesthesiologists Annual Meeting, San Diego 2010.
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RELATIONSHIP OF AWAKE BISPECTRAL INDEX TO 
POSTOPERATIVE MEMORY FORMATION

AUTHORS: R. L. Wagner1, M. Allain1, X. Zheng1, S. N. Ghabra2, 
G. Tobin2, M. O’Connor3, D. Glick2

AFFILIATION: 1Pritzker School of Medicine, University of 
Chicago, Chicago, IL, 2Anesthesia and Critical Care, University of 
Chicago, Chicago, IL, 3Anesthesia and Critical Care, The University 
of Chicago, Chicago, IL

INTRODUCTION:�$QHVWKHVLD�DZDUHQHVV�LV�D�UDUH�EXW�VLJQL¿FDQW�
complication of general anesthesia1. As such, “awareness” monitors 
have been developed to target to the appropriate depth of anesthesia. 
One such device, the Bispectral Index (BIS) (Covidien) uses an 
algorithmic analysis of EEG and EMG to generate a score from 
zero (indicating electrical silence) to 100 (indicating complete 
wakefulness). Initial studies indicated that BIS improved upon other 
anesthetic monitoring techniques in preventing awareness1, but 
subsequent studies have indicated that BIS is no better2 or worse3 
than existing protocols. To date, these monitors have not been 
linked directly to memory formation. This study was designed to 
characterize whether BIS is correlated with a subject’s ability to 
form memories, a prerequisite for reporting awareness events, by 
assessing recall of words spoken to the subject during the recovery 
from general anesthesia.

METHODS: Following IRB approval and informed consent, 
167 adult subjects were enrolled in the study. All subjects were 
undergoing surgical procedures involving administration of general 
anesthesia. BIS Vista Monitors (Covidien) recorded BIS values as 

words were spoken to subjects at intervals of 20 minutes following 
arrival in the post-anesthesia care unit. Each word was repeated six 
times for a total of six unique words over two hours. If nursing staff 
anticipated discharge in less than two hours, the intervals between 
words were decreased to space word delivery evenly throughout the 
recovery time. Word recall was assessed approximately 24 hours 
following discharge via in-person interview (for subjects admitted to 
the hospital) or phone call (for subjects discharged home). A mixed 
effects logistic regression analysis was performed to determine the 
relationship between BIS value and word recall.

RESULTS: BIS values for words recalled versus those not recalled 
ZHUH�GHWHUPLQHG�WR�EH�VLJQL¿FDQWO\�GLIIHUHQW�DV�PHDVXUHG�E\�PL[HG�
effects logistic regression analysis (p<0.05). The odds ratio of 
recalling a word for each one-point increase in the BIS value was 
calculated to be 1.06 (95% CI 1.01-1.10) by this model.

CONCLUSIONS: The difference in BIS values for words recalled 
as compared to words not recalled suggests an association between 
BIS and memory formation. However, this difference was small, 
DQG�VLJQL¿FDQW�RYHUODS�LQ�%,6�VFRUHV�IRU�VXEMHFWV�UHFDOOLQJ�YHUVXV�
not recalling words precludes the use of BIS as a predictive tool for 
memory formation in the post-operative setting.

1. Lancet 2004; 363(9423):1757-63

2. NEJM 2008; 358(11):1097-108

3. NEJM 2011; 365(7):591-600
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NONINVASIVE ESTIMATION OF LEFT VENTRICULAR 
AORTIC COUPLING IN HUMANS 

AUTHORS: Y. Obata1, T. Shishido2, A. Takaku3, S. Fujioka1, 
Y. Honjo1, K. Takakura1, K. Shigemi1

AFFILIATION: 1Anesthesiology & Reanimatology, University 
of Fukui Hospital, Fukui, Japan, 2Cardiovascular Dynamics, Natl 
Cerebral and Cardiovascular Ctr, Suita, Japan, 3Fuclty of Medical 
Sciences, University of Fukui, Fukui, Japan

INTRODUCTION: Measurement of the left ventricular pressure-
volume relationship is invasive; therefore, left ventricular aortic 
coupling (Ees/Ea) has not been monitored. Without measuring 
left ventricular pressure and volume, Hayashi et al. developed a 
framework in animal experiments for noninvasive estimation of 
Ees/Ea using pre-ejection period (PEP), ejection time (ET), end-
systolic arterial pressure (Pes) and diastolic arterial pressure (Pad)1. 
Based on Hayashi’s equations, as well as data sets from a study by 
Senzaki et al.2, we developed a new equation for humans in clinical 
settings.

METHODS: We used left ventricular pressure-volume datasets 
from 48 patients included in the study by Senzaki et al. First, we 
estimated single-beat elastance using a ventricular time-varying 
elastance curve represented by two straight lines, one for the 
isovolumic phase, and the other for the ejection phase. The curve 
was characterized using the slope ratio, k, of these two lines. The 
calculated Ees/Ea was expressed as Ees/Ea = Pad/Pes [1+k(ET/
PEP)] - 1 (Equation 1). Next, we empirically estimated the 
relationship between measured k and measured Ees/Ea(Equation 
2). We solved these simultaneous equations using Newton’s method 
and compared both the measured and calculated values of Ees/Ea.

RESULTS: The empirical relationship between measured k and 
measured Ees/Ea in human was described as follows: k = 0.59(Ees/
Ea)^0.39 (r = 0.69) (Equation 2). Using Equations 1 and 2, we then 
FDOFXODWHG� (HV�(D�� 7KH� FRUUHODWLRQ� FRHI¿FLHQW� EHWZHHQ� FDOFXODWHG�
and measured Ees/Ea was 0.72, the bias was +0.37, and the 95% 
FRQ¿GHQFH�LQWHUYDO�ZDV�������

CONCLUSIONS: Ees/Ea is able to be estimated noninvasively 
using two equations in Humans.

REFERENCES:

1. Hayashi et al. Anesthesiology. 2000; 92:1769-76.

2. Senzaki et al. Circulation. 1996; 94:2497-506.
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EMPOWERING PATIENTS TO REDUCE IV INFUSION 
PUMP ALARM INCIDENCE

AUTHORS: A. Fiastro, G. Goldenhersh, D. Lizdas, N. 
Gravenstein, S. Lampotang

AFFILIATION: Anesthesiology, U. of Florida, Gainesville, FL

INTRODUCTION: With more electronic devices in the hospital, 
the incidence of audible alarms is increasing, promoting alarm 
fatigue and distressing patients 1,2. Empowering patients to reverse 
caution/impending alarm conditions before they develop into 
audible alarms may reduce alarm incidence and spare the attendant 
time and effort of clinicians. We applied the concept of active 
patient participation to intravenous (IV) line occlusions that cause 
about 40% of IV pump alarms3.

METHODS: A caution condition (yellow light) triggered by a 
pressure increase inside the IV tubing is indicative of a potential 
downstream occlusion in an IV infusion pump (Alaris PC 8015 
Series, CareFusion, San Diego, CA). If the caution condition is 
corrected within 15 seconds, an alarm will not sound. A verbal 
SURPSW� ZDV� UHWUR¿WWHG� WR� WKH� ,9� SXPS� WR� LQVWUXFW� SDWLHQWV� WR�
“straighten your arm” when a caution condition occurs. After IRB 
DSSURYDO��D�FDWKHWHU� �VXSSOLHG�ZLWK�QRUPDO�VDOLQH�E\� WKH�PRGL¿HG�
pump via an IV infusion set) was taped to the antecubital surface 
of 11 consenting, supine, blinded lay volunteers. Subjects were 
instructed to fold the arm with the IV catheter across their chest 
(creating the occlusion) and to act as if alone in a hospital room 
and, if needed, to press a provided nurse call button. In the initial 
control stage, the verbal prompt was disabled. If volunteers did not 
spontaneously straighten their arm, the occlusion caused a yellow 
caution light (out of the volunteer’s sight) to blink for 15 seconds; 

the subsequent alarm was allowed to sound for 105 seconds before 
HQGLQJ�WKH�¿UVW�VWDJH��,Q�WKH�QH[W��LQWHUYHQWLRQ�VWDJH��XSRQ�GHWHFWLRQ�
of a caution condition, a verbal prompt to “straighten your arm” 
was triggered. If the caution condition was not reversed within 6 
seconds, a more assertive prompt “straighten your arm now” was 
issued; if the caution was not reversed within 15 seconds, the alarm 
sounded. The subjects’ use of the nurse button and the subjective 
appearance of comfort level were recorded.

RESULTS: With the verbal prompt disabled, no subject prevented 
the alarm. With the verbal prompt enabled, 10 of 11 subjects 
corrected the caution within 6 s. One subject required a second 
verbal prompt. All subjects reversed the occlusion, prevented the 
alarm and resumed the infusion (P < 0.001). Overall, the volunteers 
reacted positively to a talking pump and its usefulness.

CONCLUSION: An IV pump occlusion from kinked IV tubing 
may lend itself to being corrected without clinician intervention 
by empowering patients. With the increasing concern for alarm 
fatigue and the time and effort spent correcting alarm conditions 
(that may lead to alarms being disabled) and reducing noise in the 
hospital, patient-empowering devices may offer a novel opportunity 
to decrease alarm incidence.

REFERENCES:

1)   Association for the Advancement of Medical Instrumentation. 
AAMI Clinical Alarms: 2011 Summit.

2)  Medical device alarm safety in hospitals. The Joint Commission: 
Sentinel Event Alert 8 Apr. 2013: 1-3. Issue 50.

3)  Monitoring consciousness via pulse oximeter motion artifact. 
American Society of Anesthesiologists. 2012 abstract.
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INHALATIONAL INDUCTION FOR DIFFICULT AIRWAY, 
FACTORS AFFECTING SPONTANEOUS AIRWAY 
RECOVERY AFTER OBSTRUCTION: A COMPUTATIONAL 
SIMULATION 

AUTHORS: M. Vijjeswarapu1, A. S. Kuo2, J. H. Philip1

AFFILIATION:1Department of Anesthesiology, Perioperative, 
and Pain Medicine, Brigham and Women’s Hospital, Boston, MA, 
2Department of Anesthesia, Critical Care, and Pain Medicine, 
Massachusetts General Hospital, Boston, MA

INTRODUCTION: The strength of inhalational induction for 
GLI¿FXOW�DLUZD\�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�LI�DLUZD\�SDWHQF\�LV�
lost, drug delivery also ceases and anesthetic depth will spontaneously 
lighten until airway patency is recovered. 1,2 However, there is no 
clinical data in the literature to guide management. The event of 
cannot-ventilate cannot-intubate is rare, potentially catastrophic, 
DQG�GLI¿FXOW�WR�VWXG\��&RPSXWHU�PRGHOLQJ�DQG�VLPXODWLRQ�SURYLGH�D�
method for exploring these situations. We used computer simulation 
to investigate factors affecting time to spontaneous recovery after 
airway obstruction during inhalation induction.

METHODS: We used GasMan®, a commercially available computer 
simulation program based on a physiologic multi-compartment 
model of inhalation anesthetic. 3,4 The circuit was primed with fresh 
JDV�ÀRZ�DW���OLWHUV�PLQ�DQG�DOYHRODU�YHQWLODWLRQ�ZDV�LQLWLDWHG��7KLV�
was continued until the Vessel Rich Group (VRG) reached the 
Airway Obstruction Threshold (AOT), measured as a fraction of 
MAC concentration for the agent. Then alveolar ventilation was 
stopped and the simulation continued until VRG concentration fell 
below the AOT. This time was designated the Time to Spontaneous 
Recovery (TSR) of airway patency. We examined the effect of AOT, 
induction concentration, cardiac output (CO), functional residual 
capacity (FRC), volatile anesthetic solubility, and VRG perfusion 
on TSR.

RESULTS: Overall, lower induction concentration (Fig. 2), higher 
anesthetic solubility (Fig. 5), and higher AOT (Fig. 1-5) markedly 
sped spontaneous recovery. The trend of higher VRG perfusion (Fig. 
4), lower CO (Fig. 1), and higher FRC (Fig. 3) slowed spontaneous 
recovery.

CONCLUSION: The results of this study provide guidance in the 
clinical management of inhalation inductions to speed recovery after 
airway obstruction. Lower induction concentrations should be used 
when possible to reduce TSR. Increased anesthetic solubility can 
DOVR�GHFUHDVH�765��EXW�FOLQLFDOO\�VHYRÀXUDQH�LV�RIWHQ�SUHIHUUHG�RYHU�
the more soluble agents. Higher AOT resulted in decreased TSR, 
thus drugs that may reduce AOT, such as sedative pre-medications 
should be avoided. Relatively increased VRG perfusion, as seen 
in infants, increases TSR. Lower cardiac outputs, such as heart 
failure or cardiogenic shock, also prolong TSR. Hyperdynamic, 
high cardiac output states decrease TSR. Decreased FRC reduced 
TSR, while increased FRC increases TSR. This study demonstrates 
that computer based simulation offers an approach to scenarios in 
DQHVWKHVLD� SUDFWLFH� WKDW� DUH� GLI¿FXOW� WR� VWXG\� LQ� WKH� ¿HOG�� ,W� DOVR�
provides a method to enhance the education and experience of both 
trainees and experienced practitioners.

REFERENCES:

��� �6HYRÀXUDQH�IRU�GLI¿FXOW�WUDFKHDO�LQWXEDWLRQ��%U�-�$QDHVWK������
Sep;79:392-3.

��� �6HYRÀXUDQH� IRU� SUHGLFWHG� GLI¿FXOW� WUDFKHDO� LQWXEDWLRQ�� (XU� -�
Anaesthesiol.1998 Jul;15:462-6.

3.  GasMan-an example of goal oriented computer-assisted 
teaching which results in learning. J Clin Monit Comput. 
1986;3:165-73.

4.  User Manual for GasMan® 4.1.5022    http://www.gasmanweb.com/. 
Downloaded 5/20/2013. S-310 • CONTINUED ON NEXT PAGE
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R ALGORITHM FOR BAYESIAN POWER MODEL OF 
CONTINUAL REASSESSMENT METHOD TO DETERMINE 
ED95

AUTHORS: S. Mantha

AFFILIATION: Anesthesiology and Intensive Care, Nizam’s 
Institute of Medical Sciences, Hyderabad, India

INTRODUCTION: Continual Reassessment Method (CRM) was 
RULJLQDOO\�GHVLJQHG�IRU�GRVH�¿QGLQJ�SKDVH�,�FDQFHU�GUXJ�WULDOV��7KH�
primary goal of CRM is to identify maximum tolerated dose of a 
QHZ�GUXJ�ZKLFK�LV�W\SLFDOO\�GH¿QHG�DV�WKH�GRVH�ZLWK�D�GRVH�OLPLWLQJ�
toxicity probability that is closest to the target toxicity rate. A ‘bcrm’ 
package suitable for R is available on Comprehensive R Archive 
Network (CRAN) http://cran.r-project.org/ 

However, the package is not readily suitable to determine ED95, as 
LW�UHTXLUHV�PRGL¿FDWLRQV�LQ�GDWD�HQWU\�DQG�GDWD�RXWSXW�WR�\LHOG�WKH�
required results. This abstract presents a straightforward R algorithm 
developed for the purpose. An application of the methodology 
could be to determine MAC-ED95 of inhalational agents since 
the traditional up-down study design (Dixon method) determines 
the concentration to produce an effect in half the subjects, not the 
clinically relevant ED95.

METHODS: R algorithm was developed using the standard 
formulas for Bayesian one parameter power model of CRM (Figure 
1).1� 7KH� ('��� LV� GH¿QHG� DV� WKH� �WK� SHUFHQWLOH� RI� GRVH�IDLOXUH�
UHODWLRQVKLS�ZKLFK�LV�PRGHOOHG�DV�3Į��ZKHUH�Į�LV�WKH�SDUDPHWHU�RI�
interest which is continually updated based on observed data in each 
cohort. As negative values are not compatible with the power model, 
WZR�W\SHV�RI�GLVWULEXWLRQV�IRU�Į�DUH�DSSOLFDEOH��7KH\�DUH�ORJQRUPDO�
(mean = 0 and SD = 2) and gamma (shape=1 and scale=1). The 
algorithm permits the user to choose the type of distribution. Data 
input requires entry of initial guess of failure probabilities for a dose 
level and corresponding values related to size of cohort and number 
RI�VXEMHFW�H[KLELWLQJ�IDLOXUH�RI�D�GH¿QHG�FOLQLFDO�UHVSRQVH��8SGDWHG�
failure probability closest to the 0.05 target yielded by the output 
of algorithm is chosen as the current ED95 and given to the next 
cohort. The algorithm was validated with different datasets using 
bcrm package as standard.

RESULTS: The present algorithm is simple in terms of data entry 
and interpretation of output. The output of datasets by the present 
algorithm was comparable with those obtained by the bcrm package.

DISCUSSION: Power model of CRM is a model-based dose 
¿QGLQJ�DSSURDFK�WKDW�XVHV�D�VLQJOH�XQNQRZQ�SDUDPHWHU�WR�OLQN�WUXH�
SUREDELOLWLHV�ZLWK� SUH�VSHFL¿HG� SUREDELOLWLHV� FRUUHVSRQGLQJ� WR� WKH�
prior mean probability set. The probabilities are related to ‘toxicity’ 
in phase I trials, whereas they are related to ‘failure’ in trials to 
determine ED95. Recently, the method was employed to determine 
ED95 of a standard drug for an established technique.2 While the 
authors used R software version 2.10#(R CRAN, Vienna, Austria) for 
analysis, the exact R algorithm was not described. After presentation 
of this abstract, the algorithm along with detailed documentation for 
computations will be made available through a web source. This 
presentation is intended to encourage future researchers, including 
those novices to the subject, to use the methodology with better 
understanding of the scheme.

1.  Yin G, Yuan Y. Journal of the American Statistical Association 
2009;104:954-68.

2.  Kant A, Gupta PK, Zohar S, Chevret S, Hopkins PM. 
Anesthesiology. 2013; 119:29-35.

http://cran.r-project.org/
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COMPARISON OF TOF-COUNT: TOF WATCH MONITOR 
VERSUS SUBJECTIVE ASSESSMENT BY ANESTHESIA 
PROVIDERS

AUTHORS: S. M. Bhananker, B. Sellers, R. Ramaiah,  
M. M. Treggiari, S. R. Thilen

AFFILIATION: Anesthesiology & Pain Medicine, University of 
Washington, Seattle, WA

INTRODUCTION: Qualitative monitoring of neuromuscular 
blockade, using the train-of-four (TOF) count, is widely used to 
determine the timing and dose of reversal agents for neuromuscular 
blockers. Current dosing guidelines for sugammadex are based on 
studies that determined the TOF-count by a TOF Watch monitor, 
and not by subjective measurement which is still a common clinical 
practice. We compared the TOF-count determined by the TOF-
Watch SX® acceleromyograph to that estimated by anesthesia 
providers using their usual clinical practice.

METHODS: In 74 patients recovering from an intubating dose of 
rocuronium or vecuronium, anesthesia providers performed two 
subjective assessments (tactilely or visually, per usual routine) of 
the TOF-count at each level of TOF-count measured by a TOF-
Watch SX. The anesthesia provider was blinded to the TOF-Watch 
display. The researcher watched the TOF-Watch, and as soon as it 
changed to the next higher TOF-count value, asked the provider to 
subjectively assess the TOF-count. The researcher then asked the 
provider to assess the TOF-count again 2-5 minutes later. Thus, 
ideally 10 data points could be collected for every patient (two 
provider counts at machine count 0, at machine count 1 etc.)

RESULTS:�$W�WKH�¿UVW�REVHUYDWLRQ�DW�HDFK�72)�FRXQW��WKHUH�ZDV�
agreement between the TOF-Watch and the subjective assessment 
by the provider in 226 (66%) out of 345 measurements. The 
agreement was greatest at the extreme levels of TOF counts, i.e. 
TOF-count of 0 and 4 (92.8%). Of the 206 measurements at TOF 
counts of 1, 2, and 3, the agreement was 47% (n=97). In the 109 
cases of disagreement at TOF-count 1-3, providers overestimated 
the TOF-count in 93% of cases. For the second observation at each 
TOF-Count (n=342), the level of agreement was 46.7%, and for 

The table shows the distribution of second anesthesia provider assessments at each level of TOFcount

n(%) Provider=0 Provider=1 Provider=2 Provider=3 Provider=4 Total

TOF-Watch=0 47(64) 23(32) 2(3) 0(0) 1(1) 73(100)

TOF-Watch=1 0(0) 29(41) 32(45) 4(6) 6(8) 71(98)

TOF-Watch=2 0(0) 0(0) 15(22) 23(34) 29(43) 67(99)

TOF-Watch=3 0(0) 0(0) 2(3) 4(6) 59(91) 65(100)

TOF-Watch=4 0(0) 0(0) 1(2) 0(0) 65(98) 66(100)

72)�FRXQWV� ����� LW�ZDV� ������ �WDEOH� �� DQG�¿JXUH� ���� ,Q� WKH� ����
cases of disagreement at TOF count 1-3, providers overestimated 
the TOF count in 98 % of cases and 28% of assessments at TOF 
counts of 1 or 2 were inaccurate by two or more twitches.

CONCLUSION: Anesthesia providers tend to overestimate 
the TOF count, especially at shallower levels of neuromuscular 
blockade (TOF-count of 1 to 3), as compared to the TOF-watch. 
This may have implications in determining the dose of reversal 
agents, in particular with regard to sugammadex for which dosing 
guidelines are based on the TOF-count measured by TOF-Watch.

REFERENCES:

Greer R, et al., Neuromuscular monitoring by intensive care nurses: 
comparison of acceleromyography and tactile assessment. British 
Journal of Anesthesia 1998; 80: 384-385

Sorgenfrei IF, et al., Reversal of rocuronium-induced neuromuscular 
block by the selective relaxant binding agent sugammadex. A dose-
¿QGLQJ�DQG�VDIHW\�VWXG\��$QHVWKHVLRORJ\�����������������������
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RADIOFREQUENCY BIPOLAR HEMOSTATIC SEALER 
REDUCES BLOOD LOSS, TRANSFUSION REQUIREMENTS, 
AND COST FOR PATIENTS UNDERGOING MULTILEVEL 
SPINAL FUSION SURGERY 

AUTHORS: S. M. Frank1, J. O. Wasey1, E. A. Dackiw1,  
P. M. Ness2, Z. L. Gokaslan3, K. M. Kebaish4

AFFILIATION: 1Anesthesiology/Critical Care Medicine, Johns 
Hopkins Medical Institutions, Baltimore, MD, 2Pathology (Trans-
fusion Medicine), Johns Hopkins Medical Institutions, Baltimore, 
MD, 3Departments of Neurosurgery, Oncology, and Orthopaedic 
Surgery, Johns Hopkins Medical Institutions, Baltimore, MD, 
4Orthopaedic Surgery, Johns Hopkins Medical Institutions, 
Baltimore, MD

INTRODUCTION: Given the recognized risks and expense of 
allogeneic blood transfusion in surgical patients, a successful blood 
management program includes efforts to reduce intraoperative blood 
loss, as a primary measure of blood conservation. Of the various 
electrocautery methods that are available, the radiofrequency bipolar 
hemostatic sealer (RBHS), has been shown in preliminary trials 
to achieve better hemostasis than traditional cautery used alone. 
We conducted a retrospective review of blood loss, transfusion 
UHTXLUHPHQWV� DQG� HVWLPDWHG� FRVW� VDYLQJV� WR� DVVHVV� WKH� EHQH¿WV� RI�
RBHS in patients undergoing multilevel spinal fusion surgery.

METHODS: In a retrospective cohort study, 36 patients 
undergoing multilevel spinal fusion surgery with the RBHS device 
(Aquamantys®, Medtronic, Minneapolis, MN), were compared to 
a historical control group (n=38) matched for important variables 
related to blood loss. Traditional unipolar cautery and blood salvage 
were used in both groups. Blood utilization data were extracted from 
electronic anesthesia records (Metavision®, iMdSoft, Needham, 
MA) and a blood management intelligence portal, IMPACT Online® 
(Haemonetics, Braintree, MA). Cost savings were calculated using 
the acquisition cost as well as the activity-based cost of blood, as 
described by Shander et al.1 Data are given as mean ± SEM and P < 
�����GH¿QHG�VLJQL¿FDQFH�

RESULTS: The Tables and Figures show the results. Patient 
characteristics were similar between the two groups, including 
the number of levels of fusion and preoperative hemoglobin (Hb). 
Intraoperatively, blood loss was less (by 55%, P=0.002), and the 
volumes of colloid (by 63%, P=0.04) and returned salvaged blood 
(by 54%, P=0.003) were less in the RBHS group. Over the entire 
hospital stay, the average number of units of red cells (by 51%, 
P=0.01) and plasma (by 56%, P=0.03) were less in the RBHS group. 
The decrease in Hb was 1.2 g/dL less (P=0.04), and discharge Hb 
was higher (P=0.01) in the RBHS group. The estimated cost savings 
per case were substantial by either method of calculation.

CONCLUSION: For patients undergoing multilevel spine fusion 
surgery, blood loss, transfusion requirements, the decrease in Hb, 
and costs were substantially less when the RBHS was used to 
achieve hemostasis. The RBHS method of cautery uses a saline-
cooled bipolar delivery of radiofrequency energy, which works by 
sealing rather than burning tissues. This method has been shown to 
reduce bleeding and transfusion by more than half in our study, and 
by similar amounts for total joint replacement surgery.2,3 In addition 
WR�FRQ¿UPLQJ� WKH�HIIHFWLYHQHVV�RI�5%+6�LQ�VSLQDO� IXVLRQ�VXUJHU\��
we have shown a substantial cost savings associated with decreased 
transfusion. By using this new method of achieving intraoperative 
hemostasis as part of a comprehensive patient blood management 
program, the reduced transfusion requirements may result in 
increased patient safety, improved outcomes, and reduce costs.

REFERENCES:

1. TRANSFUSION 2010;50:753-65.

2. Expert Rev Med Devices 2008;5:125-31.

3. Surg Tech Intern 2005;14:281-6.
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ACCURACY AND CLINICAL RELEVANCE OF NON-
INVASIVE RESPIRATORY VOLUME MEASUREMENTS IN 
OBESE SURGICAL PATIENTS

AUTHORS: R. Schumann1, C. M. MacNabb2, Q. Al Hassan1, 
 I. Bonney1, A. P. Kwater3, D. Shoham3, E. G. Pivalizza3

AFFILIATION: 1Anesthesiology, Tufts Medical Center, Boston, 
MA, 2R & D, Respiratory Motion Inc, Waltham, MA, 3Anesthesiology, 
University of Texas Medical School, Houston, TX

INTRODUCTION: Obese patients have an increased risk of 
post-operative respiratory complications. Opioid analgesia, one 
of the leading causes of post-operative respiratory compromise, is 
challenging in obese patients because of their variable responses. 
(QKDQFHG�SRVW�RSHUDWLYH�UHVSLUDWRU\�PRQLWRULQJ�PD\�EH�EHQH¿FLDO�
in this population. A novel non-invasive Respiratory Volume 
Monitor (RVM) has been developed that provides continuous, 
real-time measurements of minute ventilation (MV), tidal volume 
(TV) and respiratory rate (RR)1. Accuracy of the RVM has been 
FRQ¿UPHG�LQ�QRQ�REHVH�YHQWLODWHG�VXUJLFDO�SDWLHQWV�DQG�LWV�FOLQLFDOO\�
relevant accuracy, precision bias and correlation (r=0.97) was 
demonstrated in non-surgical obese subjects. This study examines 
the RVM accuracy in the obese surgical population.

METHODS: In a multi-center study, respiratory traces were recorded 
with an impedance-based RVM system (ExSpiron, Respiratory 
Motion, Inc. Waltham, MA) from 56 obese patients undergoing 
elective surgery with general anesthesia. Pre- intra- and PACU data 
ZHUH�FROOHFWHG��7KH�09�VHW�IRU�WKH�PDMRULW\�RI�WKH�VXUJHU\�ZDV�GH¿QHG�
as baseline and the RVM was synchronized with the ventilator over 
a 30 second quiet period (MVSYNC). Two 30 sec RVM segments were 
selected during quiet periods at the beginning and end of the case 
to determine accuracy and consistency. RVM measurements in the 
PACU were compared to preoperative and intraoperative values. MV 
before and after opioid administration in the PACU was assessed 
to capture subsequent MV changes. Linear regression and Bland-
Altman analyses were used for statistical analysis.

RESULTS: 17 men, 39 women, aged 50 ± 14 years, with a 
BMI of 44.3 ± 8 were studied with a ventilator time of 153 ± 33 
min. Comparison of the RVM and ventilator MV values showed 
an accuracy of 11%, precision 11% and a 1.5% bias (Example 
traces Fig. 1, r>0.95). Figures 2 & 3 summarizes the correlation 
between the RVM and ventilator (r=0.9) and a small measurement 
error (0.13L/min ± 95%CI [-0.93 to 1.20 L/min]) which remained 
minimal at the beginning and end of the recording sessions (Fig. 4). 
The pre-, intra- and postoperative course of MV including during 
3$&8�RSLRLG�DGPLQLVWUDWLRQ�LV�VKRZQ�LQ�¿JXUH���

CONCLUSION: The results of this study show a good correlation 
between the RVM and ventilator volumes with clinically useful 
accuracy in an obese surgical population, extending prior results 
from normal weight and obese non-surgical patients. Post-operative 
opioids caused a substantial but temporary decline in MV, and it 
is unclear if a dosing change could mitigate such an observation. 
Continuous RVM measurements providing quantitative respiratory 
data may be helpful in identifying opioid sensitive obese patients, 
facilitate post-operative management and improve patient safety.

REFERENCES:

1. Anesth Analg 2013;11:91-100
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THE VALIDITY OF BISPECTRAL INDEX VALUES 
OBTAINED FROM A LATEROFACIAL ELECTRODES

AUTHORS: H. Yogo

AFFILIATION: Anesthesiology, Tomishiro Central Hospital, 
Tomigusuku, Japan

INTRODUCTION: The bispectral index (BIS) is the most 
widespread and evaluated parameter to measure the level of 
FRQVFLRXVQHVV�� :KHQ� LW� LV� GLI¿FXOW� WR� DWWDFK� %,6� VHQVRU� RQ� WKH�
IRUHKHDG� EHFDXVH� RI� WKH� VXUJLFDO� ¿HOG�� WKH� VHQVRU� QHHGV� WR� EH�
dislocated. There are a few studies on BIS values obtained from 
sensors dislocated only for a few centimeters1 or dislocated to 
occipital region,2,3 however credibility is not high. The purpose 
of this study is to compare the BIS values obtained from a sensor 
attached on the laterofacial region with the values from a sensor on 
the forehead.

METHODS: With approval of the IRB, we recruited 21 ASA PS I-II 
adult patients scheduled for elective abdominal or breast surgeries 
under general anesthesia (Male/Female; 6/15, age; 33 to 77 years 
old). Before the induction, 2 BIS electrodes (BIS Quatro sensors 
FRQQHFWHG�WR�%,6�9LVWD�PRQLWRUV��&RYLGLHQ��0DQV¿OHG��0$��ZHUH�
placed on the laterofacial region as dislocated and the forehead as 
standard. The dislocated sensor was mounted as follows: Circle 1 on 
the outside corner of the right eye, Circle 4 close to earlobe, Circle 
2 between Circle 1 and 4, and Circle 3 on the mandible. Anesthesia 
was induced by propofol, fentanyl and rocuronium, and maintained 
ZLWK� VHYRÀXUDQH�� 7KH� %,6� DQG� (OHFWURP\RJUDSK� �(0*�� LQGH[�
values from each sensor were recorded 10 times at the following 
anesthetic states: awake, loss of response to verbal command, 
tracheal intubation, 10 minutes after intubation, start of surgery, 
10 and 30 minutes after incision, end of surgery, eye opening, and 
after tracheal extubation. Statistical analyses were assessed by 
6SHDUPDQ¶V�UDQN�FRUUHODWLRQ�FRHI¿FLHQW�DQG�UHJUHVVLRQ�FRHI¿FLHQW��
and Bland and Altman analysis was also performed.

RESULTS: BIS values of 2 BIS electrode showed strong correlation 
(R = 0.878; P < 0.01, Y = 3.453 + 0.954X). Bland-Altman analysis 
of BIS values revealed the mean bias of -0.6 with the 95% limits of 
agreement at -13.8 to 12.6. While no plot was seen above 2SD, 11 
SORWV�ZHUH�VSUHDG�EHORZ���6'��LQGLFDWHG�LQ�UHG�SORWV�LQ�WKH�¿JXUH���
Nine measurements among those 11 plots were obtained when 
EMG from laterofacial region was higher than forehead, hence 
EMG is suspected to have caused those 9 plots below -2SD. Thus, 
further studies are necessary to conclude on clinical usefulness and 
limitations of dislocated BIS sensor.

CONCLUSIONS: BIS values from laterofacial region demonstrated 
high correlation with standard BIS values. It supports potential 
clinical usefulness of the dislocated BIS sensor when frontal access 
LV�SDUWLFXODUO\�GLI¿FXOW��+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�GLVORFDWHG�
BIS sensors indicated higher values in some cases with higher 
EMG values even though BIS sensors placed on the forehead were 
showing the values between 40-60 which is considered to be the 
general anesthesia range.

REFERENCES:

1. Anesth Analg 2007; 104:857-9

2. Anesth Analg 2004; 98:1773-5

3. Anesthesiology 2010; 112:645-51
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A THEORETICAL ANALYSIS OF THE EFFECT OF EXTRA-
CORPOREAL MEMBRANE OXYGENATION THERAPY ON 
PULMONARY ARTERIAL PRESSURE: IMPLICATIONS FOR 
BRIDGE TO LUNG TRANSPLANTATION

AUTHORS: M. Dickstein1, M. Bacchetta2

AFFILIATION: 1Anesthesiology, Columbia University, New York, 
NY, 2Surgery, Columbia University, New York, NY

INTRODUCTION: Extracorporeal membrane oxygenation 
WKHUDS\��(&02��LV�EHLQJ�XVHG�ZLWK�LQFUHDVLQJ�IUHTXHQF\�WR�RIÀRDG�
the right ventricle and reduce pulmonary pressures in patients with 
pulmonary hypertension awaiting lung transplantation. However, 
the mechanism by which ECMO reduces mean pulmonary pressure 
�P3$3��DQG�WKH�UHODWLYH�HI¿FDFLHV�RI�YDULRXV�FDQQXODWLRQ�VWUDWHJLHV�
on improving perfusion is not known. The purpose of this study was 
to compare the impact of veno-venous (VV), veno-arterial (VA), 
hybrid (VAV) and pulmonary arterial to left atrial (PA-LA) ECMO 
RQ�P3$3�DQG�ÀRZ�

METHODS: A model of chronic pulmonary hypertension was 
created (baseline) using time-varying elastances (ventricular 
contraction) coupled to a series of resistive and compliance 
elements (the pulmonary and systemic vascular systems). Four 
GLIIHUHQW�FRQ¿JXUDWLRQV�RI�(&02��9$��99��9$9�DQG�3$/$��ZHUH�
LQLWLDWHG�DW�D�ÀRZ�RI��� OLWHUV�PLQXWH�DQG�KHPRG\QDPLFV�UHFRUGHG��
1H[W�� LQWUDYDVFXODU� YROXPH�ZDV� UHGXFHG�XQWLO� WRWDO� V\VWHPLF�ÀRZ�
returned to the baseline value simulating diuresis.

RESULTS: Initiation of all the cannulation strategies had 
negligible effects on mPAP except for PALA which reduced mPAP 
by 13%. Substantial differences in the augmentation of systemic 
EORRG�ÀRZ�ZHUH�REVHUYHG��ZLWK�9$�DQG�3$/$�(&02�SURYLGLQJ�WKH�
JUHDWHVW�ÀRZ�DXJPHQWDWLRQ��7KH�UHODWLYH�UHGXFWLRQ�LQ�LQWUDYDVFXODU�
YROXPH�UHTXLUHG�WR�UHWXUQ�V\VWHPLF�ÀRZ�EDFN�WR�EDVHOLQH��)LJ����ZDV�
SURSRUWLRQDO�WR�WKH�DXJPHQWDWLRQ�LQ�V\VWHPLF�ÀRZ��9$��3$/$�DQG�
VAV ECMO resulted in 43, 36, and 25% reductions in mPAP after 
diuresis, respectively (Fig. 2).

CONCLUSIONS: Except for the modest reduction seen with 
PALA cannulation, the initiation of ECMO alone has little direct 
HIIHFW�RQ�SXOPRQDU\�SUHVVXUHV��7KH�EHQH¿W�RI�UHGXFLQJ�SXOPRQDU\�
pressures is mainly realized through diuresis that is undoubtedly 
EHWWHU� WROHUDWHG� ZLWK� DXJPHQWHG� V\VWHPLF� ÀRZ�� 5HGXFWLRQV� LQ�
pulmonary vascular resistance as a consequence of improved 
pulmonary oxygen content may also play a role.
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NOVEL METHOD OF BLOOD VESSEL VISUALIZATION 
AND CANNULATION USING AUGMENTED REALITY.

AUTHORS: B. D. Fronk, D. R. Solanki, V. R. Koyyalagunta

AFFILIATION: Anesthesiology, University of Texas Medical 
Branch, Galveston, TX

INTRODUCTION: As health care providers we must work with 
anatomical structures that we simply cannot see. Recently several 
medical associations and organizations have recommended routine 
use of ultrasound to better locate central venous structures during 
central line placement. Augmented Reality is a software process 
whereby information is blended with a user’s view of the real world. 
This allows a user access to additional data in the context of his or 
her own environment.

METHODS: Using software developed by our team and a set 
of video glasses, virtual representations of anatomic structures 
are presented to the physician user in their LQ�VLWX position. These 
structures are generated by tracking an ultrasound probe in 3D 
space and by analysis of the US images. Tracking was accomplished 
by using a specialized camera to track a card marker which was 
attached to the ultrasound probe allowing our software to determine 
this marker’s physical position relative to the camera and thus 
by extension we were able to determine the physical location 
of the imaged cross-sectional plane of tissue that is projected on 
the ultrasound machine’s screen. Our markers communicate both 
SRVLWLRQ�� RULHQWDWLRQ� DQG� LGHQWL¿FDWLRQ� GDWD� VR� WKDW� WKH� VSHFL¿F�
PRGHO� RI� XOWUDVRXQG� SUREH� FDQ� EH� GHWHUPLQHG� DQG� HDFK� ¿GXFLDU\�
marker can be distinguished from other markers designated for 
tracking needles and other instruments and for maintaining a 
location lock on the patient. By scanning the ultrasound probe on the 
patient, a volume of data is generated allowing the reconstruction of 
3D virtual representations of anatomic structures. This information 
remains connected to the patient and the ultrasound probe can be 
UHPRYHG�� 7HVWLQJ� ZDV� SHUIRUPHG� ¿UVW� LQ� FOHDU� JHODWLQ� SKDQWRPV��
RSDTXH�SKDQWRPV�DQG�¿QDOO\�LQ�D�KXPDQ�WHVW�VXEMHFW��Q ���

RESULTS: The system correctly built virtual representations 
of structures in both the phantoms and the human subject. We 
successfully tracked both anatomic structures and a needle below 
the skin surface. Dye from the phantom vessels and blood from the 
human subject was successfully aspirated using only the system to 
guide needle placement.

CONCLUSIONS: Augmented Reality based systems provide a 
novel method for successful mapping, visualization and cannulation 
of blood vessels in humans. While our work in its current form 
is not ready for clinical use due to the size of the system and the 
time needed for calibration, it does offer exciting possibilities for 
the future. Further studies are needed to evaluate the use of this 
technique to target other anatomical structures such as nerves, 
WXPRUV�� HWF�� 0XFK� ZRUN� DQG� DQ� RSHQ� ¿HOG� OLHV� EHIRUH� XV� DV� ZH�
develop the concept of augmented medicine.

REFERENCES:

“Practice Guidelines for Central Venous Access” Anesthesiology 
2012; 116:539 -73

National Institute for Clinical Excellence. Technology Appraisal 
Guidance No. 49. Guidance on the use of ultrasound locating 
devices for placing central venous catheters; 2002.

Agency for Healthcare Research and Quality. Making Health Care 
Safer II. Executive Summary 2001.

$XJPHQWHG� UHDOLW\�� D� QHZ� ZD\� RI� VHHLQJ�� 6FLHQWL¿F� $PHULFDQ��
286(4):48-55, 2002 Apr.
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MODEL OF MEDICAL COMA USING A BRAIN-MACHINE 
INTERFACE

AUTHORS: M. Shanechi1, J. Chemali2, M. Liberman2, K. Solt2, 
E. N. Brown2

AFFILIATION: 1Electrical and Computer Engineering, Cornell 
University, Ithaca, NY, 2Anesthesia, Critical Care and Pain 
Medicine, Massachusetts General Hospital, Boston, MA

INTRODUCTION: Burst suppression is an electroencephalogram 
(EEG) signature of profound brain inactivation and consists of 
bursts of electrical activity alternating with periods of electrical 
suppression. This EEG pattern is targeted in medical coma, a drug-
induced brain state used to help recovery after brain injuries and to 
treat uncontrollable seizures. Medical coma is maintained manually 
by monitoring the EEG and administering an intravenous infusion 
of an anesthetic to target a pattern of burst suppression. The coma 
needs to be maintained for long periods of time, often several hours 
or days. Hence developing an automated control system could 
VLJQL¿FDQWO\�LPSURYH�WKH�HI¿FLHQF\�DQG�DFFXUDF\�RI�FRQWURO��7KHUH�
has been considerable progress in developing these automated 
systems for control of sedation and general anesthesia in the past 
60 years. However, automatic reliable control of medical coma over 
time-varying target levels or for individual animals has not been 
demonstrated before.

METHODS: Using a stochastic control framework, we develop 
a brain-to-pump interface system or brain-machine interface 
(BMI) for automatic control of medical coma in a rodent model. 
The BMI works by continuously observing the EEG, estimating 
the burst suppression level using the EEG, and selecting the real-
time propofol infusion rate based on this estimate. To quantify the 
state of coma, we use the concept of burst suppression probability 
�%63�� WKDW� GH¿QHV� WKH� EUDLQ¶V� LQVWDQWDQHRXV� SUREDELOLW\� RI� EHLQJ�
in the suppressed state. To characterize the effect of propofol on 
%63��ZH�XVH�D� OLQHDU� WZR�GLPHQVLRQDO�FRPSDUWPHQW�PRGHO�DQG�¿W�
the parameters of this model in experiments. The BMI consists of 
two main components: an estimator that computes the BSP from 
the EEG and a controller that uses this estimate as feedback to 
adjust the drug infusion rate and achieve a target BSP level. We 
VHJPHQW� WKH� ((*� LQWR� D� ELQDU\� WLPH�VHULHV� E\� ORZ�SDVV� ¿OWHULQJ�
and thresholding it in small intervals. We derive a two-dimensional 
state-space algorithm to estimate the BSP in real-time from the 
segmented EEG. Finally, we design a stochastic controller using 
both a linear-quadratic-regulator strategy and a model predictive 
control strategy. We tested the BMI in individual rodents for control 
of time-varying target BSP levels. Animal studies were approved by 
the Subcommittee on Research Animal Care, which serves as our 
Institutional Animal Care and Use Committee.

RESULTS: The BMI enabled prompt transitions between target BSP 
levels without overshoot or undershoot. The median rise time in the 
BSP levels was under a minute in individual rodents. The BMI also 
accurately maintained the BSP at desired target levels in individual 
rodents in real time. In our experiments the median absolute error 
and the median bias were both under 5% for each rodent.

CONCLUSIONS: Our results demonstrate the feasibility of 
automatic control of medical coma in a rodent model using a BMI 
and suggest that a BMI could be applied in patient care with the 
potential to enable more accurate and cost-effective control of coma.
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