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S-1. 
A COMPARISON OF ACUPOINT ELECTRICAL
STIMULATION RELIEFBAND VERSUS LOW DOSE
GRANISETRON OR DOLASETRON FOR PREVENTING
POSTOPERATIVE NAUSEA AND VOMITING IN WOMEN
UNDERGOING LAPAROSCOPIC SURGERY 

AUTHORS: S. K. Patteson, C. C. Snider, D. S. Meyer, E. Fronczek, J.
Scott, R. C. Carroll; 
AFFILIATION: University of Tennessee Knoxville, Knoxville, TN.

Introduction - Postoperative nausea and vomiting (PONV) remains a
significant problem in laparoscopic surgery. Pharmacologic regimens
are effective but have side effects and increased costs. Non-
pharmacologic treatment with acupoint electrical stimulation has been
suggested to be effective in preventing PONV. ReliefBand® may be as
effective in preventing PONV as lower dose, low cost pharmacologic
treatment. Decreased dosages of antiemetics may provide effective
relief while providing institutional cost savings.
Methods - After IRB approval, 176 women undergoing laparoscopic
surgery were randomized to 4 regimens; dolasetron (A), granisetron
(K), active ReliefBand® (ARB), or inactive ReliefBand (IRB).
Exclusion criteria included antiemetic therapy within 24 hours,
pregnancy, allergy to treatment medication or history of PONV. All
patients (ARB/IRB groups) were educated that they may or may not
feel stimulation. ARB intensity was set preoperatively per
manufacturer’s protocol and then removed. IRB patients (electrode
disconnected by cutting the small connections to the battery, dial active,
appearing functional) had the IRB placed preoperatively, set to a sham
level of 4/5, and then removed. General endotracheal anesthesia was
induced with atracurium 2.5mg, midazolam 2mg, fentanyl 100ug,
propofol 2.5mg / kg and succinylcholine 1.5 mg/kg. Anesthesia was
maintained with nitrous oxide 65% in oxygen and isoflurane. Study
medications, granisetron 0.1mg or dolasetron 12.5mg, were
administered per protocol 15 minutes prior to surgical closure. ARB or
IRB were immediately replaced in the recovery room. PONV rescue
medication was administered after breaking the code per

anesthesiologist’s discretion.
Results - PONV was assessed 24 hour postoperatively by observation
and reporting of nausea and vomiting. ANOVA analysis (Figure 1)
indicated treatments A, K, & ARB were equally effective in lowering
PONV and granisetron and the active ReliefBand® were significantly
(P<0.05) more effective than the IRB group. The trend was seen for
vomiting but did not reach significance (P>0.18). The average time
from entering recovery until hospital discharge was longer for drug
treatments (215 minutes) than ARB or IRB (135 minutes) but was not
significant (P>0.19). Utilization of rescue medication for PONV was
not significantly different between the groups.
Discussion - The use of acupoint electrical stimulation was as effective
as low dose granisetron and was associated with a shorter time from
recovery until discharge. Either ARB or low dose granisetron may
represent a substantial institutional cost saving. 

S-2. 
COMPARISON OF SPINAL ANESTHESIA VERSUS
COMBINED SCIATIC-FEMORAL NERVE BLOCK FOR
OUTPATIENT KNEE ARTHROSCOPY 

AUTHORS: F. R. Montes1, E. Zarate2, J. C. Giraldo1, R. Grueso2, J. D.
Rincon1, M. P. Vanegas2; 
AFFILIATION: 1Fundación Cardio Infantil, Bogota, Colombia,
2Hospital Universitario San Ignacio, Bogota, Colombia.

Introduction: Knee arthroscopy is one of the most commonly
performed orthopedic procedures in the world. Several types of
anesthesia, including local, nerve blocks, neuroaxial blockade, and
general anesthesia, have been successfully used. It has been suggested
that use of regional anesthesia may have some potential benefits in the
outpatient setting and result in decreased resource utilization, superior
patient satisfaction, and better analgesia (1). The aim of this study was
to compare the clinical properties of two widely used regional
anesthetic techniques with regard to preparation and recovery from
anesthesia in a standardized outpatient population.
Methods: Following IRB approval and informed consent, 50 ASA I-II
adult outpatients undergoing arthroscopic knee surgery were enrolled in
this randomized, prospective study. Study subjects were equally divided
(n=25 each) into spinal (S) and sciatic-femoral (SF) groups. Midazolam
(0.03 mg/kg) and Fentanyl (1 mcg/kg) were applied to all patients. S
patients received spinal anesthesia with 7.5 mg of 0.5% hyperbaric
bupivacaine. SF patients received combined sciatic-femoral nerve block
with 100 mg of Bupivacaine and 200 mg of Lidocaine in a multiple
injection technique. Times lasting from arrival in the operating room to
the readiness for surgery, as well as duration of surgery, recovery times
and patient satisfaction were recorded. Analgesia and occurrence of
adverse events were also registered. Data was evaluated by ANOVA, t-
test and Chi-square test. A P < 0.05 was considered significant.
Results: Demographic data were similar between groups. There were
no significant differences between the two groups in any of the study
measurements of recovery (Table 1). No serious adverse effects were
observed. After discharge home, 74% of patients in the S group versus
40% of patients in the SF group reported having moderate pain at 24

hours postoperatively (P<0.05). Patient satisfaction was high (> 90%)
with both techniques.
Discussion: Our preliminary results show that for outpatient
arthroscopic knee surgery the use of a combined sciatic-femoral nerve
block offer satisfactory anesthesia with a clinical profile similar to the
obtained with low-dose spinal anesthesia. However, sciatic-femoral
nerve block is associated with significantly lower pain scores during the
first 24 hours.
References: 
1.) Jankowski CJ et al. Anesth Analg 2003;97:1003-9

Table 1
S Group SF Group P

Anesthesia preparation time (min) 17.0 ± 8.4 22.6 ± 10.3 0.06
Surgery preparation time (min) 22.6 ± 8.3 24.7 ± 8.6 0.40
Duration of Surgery (min) 44.3 ± 16 44.2 ± 27 0.97
Operating room exit (min) 6.2 ± 3 6.5 ± 3 0.78
Total operating room time (min) 91.6 ± 26 95.8 ± 36 0.64
Time to home readiness (min) 101 ± 63 101 ± 47 0.98
Time to actual discharge (min) 224 ± 52 207 ± 57 0.44
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S-3. 
EFFECTS OF INTRAVENOUS PARACETAMOL VS
INTRAMUSCULAR MEPERDINE ON POSTOPERATIVE
SEDATION AND READINESS FOR DISCHARGE AFTER
TONSILLECTOMY 

AUTHORS: J. A. Alhashemi1, M. F. Daghistani2; 
AFFILIATION: 1King Abdulaziz University Hospital, Jeddah, Saudi
Arabia, 2King Khalid National Guard Hospital, Jeddah, Saudi Arabia.

Introduction: Although meperidine is commonly used for
postoperative analgesia after tonsillectomy, it could potentially delay
hospital discharge given its sedative properties. In contrast, intravenous
paracetamol is a non-opioid analgesic that is devoid of sedative effects
and thus could be associated with earlier discharge from hospital. This
study compared the effects of intravenous paracetamol administration
with those of intramuscular meperidine on postoperative sedation and
readiness for discharge in children undergoing tonsillectomy.
Methods: Thirty American Society of Anesthesiologists’ class I-II
patients, aged 5-15 yrs, and scheduled for tonsillectomy were enrolled
in this double-blind trial. All patients received midazolam 0.5 mg/kg
PO 30 min before surgery and fentanyl 1 µg/kg IV on induction of
anesthesia. Patients were randomized to receive either paracetamol 15
mg/kg IV (group P) or meperidine 1 mg/kg IM (group M) on induction
of anesthesia. Sevoflurane was used for induction and maintenance of
anesthesia, and no other analgesics were administered throughout the
case. Postoperatively, Ramsay sedation score (1) and Aldrete score (2)
were determined every 5 min until discharge from recovery room.
Patients were discharged from recovery room when their Aldrete score
was ≥10. Repeated measures analysis of variance and Mann-Whitney
tests were used to analyze Ramsay scores and times to achieve an
Aldrete score of ≥10, respectively. Data are presented as mean ± SD
unless otherwise indicated, and statistical significance was defined as p
< 0.05.
Results: On admission to recovery room, group M patients had deeper
levels of sedation, based on Ramsay scores, compared with group P
patients (5.2 ± 1.2 vs. 3.6 ± 1.2, respectively) (p = 0.1). This trend was
observed up to 15 min into recovery (Figure). The median (25th,75th

centiles) times to an Aldrete score 10 were 15 (5,15) and 25 (15,35) min
for groups P and M, respectively (p = 0.03).
Discussion: Intravenous paracetamol administration was associated
with a lesser degree of sedation and an earlier readiness for discharge
compared with intramuscular meperidine in children undergoing
tonsillectomy.
References:
(1) J Clin Anesth 1995;7:89-91.
(2) Br Med J 1974;2:656-9. 

S-4. 
COMPARISON OF SINGLE-SHOT CAUDAL ROPIVACAINE
0.1%, 0.2% AND 0.3% WITH BUPIVACAINE 0.25% FOR
AMBULATORY ANAL SURGERY IN ADULTS 

AUTHORS: H. F. Khafagy; 
AFFILIATION: Theodor, Cairo, Egypt.

Introduction: Ropivacaine has been reported to have a wider safety
margin with regard to both central nervous and cardiac toxicity in
adults(1) and causes less interference with motor function when
compared with bupivacaine (2). The aim of this double blind randomized
study was to compare the duration of postoperative analgesia and
incidence of motor block after single shot caudal block using three
different concentrations of ropivacaine with bupivacaine 0.25% for
ambulatory anal surgery in adults.
Methods: Sixty adult patients ASA I, II scheduled for anal surgeries
under general anesthesia were randomly allocated to one of four groups
of fifteen patients each to receive caudal 0.5 ml.kg-1 of either
concentrations of ropivacaine 0.1%, 0.2%, 0.3% or bupivacaine 0.25%
(group I, II, III and IV respectively). Intraoperative and postoperative
haemodynamic data were monitored. Postoperative Bromage score for
motor assessment, visual analogue pain score (VAS) for postoperative
analgesia and sedation score were assessed. Adverse effects like
blurring of vision, nausea or vomiting were also recorded.
Results: The four groups were comparable concerning age, weight and
duration of surgery. There was intraoperative decrease in heart rate and
blood pressure in the four groups but within acceptable clinical range.
No motor affection was observed in group I. However, it was
significantly affected in group IV compared to other groups when the
patient was awake, 5, 15 and 30 minutes postoperatively. All patients
were pain free for two hours postoperatively. Duration of analgesia was
minimally prolonged in group III (4.02 ± 0.29 hr) while it was
comparable between group II and group IV (3.89 ± 0.44 and 3.71 ± 0.36
hr respectively). Yet, it was significantly the least in group I as
compared to the other groups (3.09 ± 0.12 hr). No adverse events were
recorded in the four groups.
Discussion: This study demonstrated that 0.5 ml.kg-1 of ropivacaine

0.2% for caudal block provided satisfactory postoperative pain relief
after anal surgery in adults. This concentration was as effective as
bupivacaine 0.25% with lower incidence of motor block which is
important for ambulatory surgery. This finding goes in accordance with
Ivani et al (3) but they didn't find motor affection in both groups.
Ropivacaine 0.1% showed less analgesic efficacy while the use of
ropivacaine 0.3% was associated with minimal improvement in
postoperative pain relief when compared to ropivacaine 0.2% and
bupivacaine 0.25%. Meanwhile ropivacaine 0.3% recorded the highest
incidence of motor block among the three concentrations of ropivacaine
but still less than bupivacaine 0.25%.
References:
(1) Knudsen K et al. Br J Anaesth 97; 78: 507-514.
(2) Zaric D et al. Reg Anesth 1996; 21: 14-25.
(3) Ivani G et al. Br J Anaesth 1998; 81: 247-248.
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S-5. 
THE USEFULLNESS OF NON-INTUBATED TIVA ON DAY
STAY ANESTHESIA IN DENTISTRY 

AUTHORS: M. Kawai1, M. Mizuno1, T. Yamashita1, T. Kamada1, Y.
Tanaka2, J. Kotani3; 
AFFILIATION: 1Kobe Dental Center, Kobe City, Japan, 2Kobe City
General Hospital, Kobe City, Japan, 3Osaka Dental Universitiy, Osaka
City, Japan.

Introduction: We studied the usefulness of outpatient non-intubated
total intravenous anesthesia (TIVA) for dental procedures provided by
dentist anesthesiologist in Japan.
Methods: Subjects were consisted of 400 outpatients that were
provided dental treatments under non-intubated TIVA during March
2005 from April 2004 in Kobe Dental Center. The medical histories of
the patient was the mentally disabled, uncooperative child, gagging
reflex and phobia. Non-intubated TIVA: The case of profound
uncooperative patient required presedation such as oral midazolam or
slow induction with inhalation anesthetic agents such as sevoflurane.
Monitors are placed, and intravenous access is obtained. For non-
intubated TIVA, the most frequently used sedative drug is
benzodiazepine such as midazolam, opioid like fentanyl, and general
anesthetic agent such as propofol. Airway maintenance is facilitated by
placing an oropharyngeal partition and one or two nasopharyngeal
airways. The head can be taped to the dental chair headrest in a manner
that raises the chin and nose, thereby lifting the tongue and providing a
patient airway. A nasal cannula is placed for additional oxygenation.
During dental procedures, the dentist and dental assistant take extra
precautions to help keep the oropharynx clear and maintain a patient
airway. After dental procedures, the patient recovers with the parent or
caregiver usually present. We investigated the intra and postoperative
complications from medical and anesthesia records.
Results: In all case, we could perform dental treatment on schedule.
Cases that were need laryngeal mask with respiratory tract difficulty
were 9 cases. The complication during dental procedures was none. All
patients were able to come home after the dental treatment within
several hours. In postoperative complication, fever (more than 37.5

degrees) was recognized in 7 cases, and vomiting in only 3 cases.
Discussion: With endotracheal intubation, the airway is protected and
the practitioner is able to positive pressure ventilate the patient while
the dentist continues working itraorally. However, intubation increases
the risk of injury to airway structures and laryngeal mask obstruct to
facilitate dental procedures. Intra and postoperative complication was
few in non-intubated TIVA.
Summary: Non-intubated TIVA was thought to be useful anesthesia
method for a dental treatment on day stay anesthesia.
Reference: General Dentistry September-October 464-469, 2003

S-6. 
TEE SEDATION: A UNIQUE APPROACH 

AUTHORS: A. Grinberg, F. E. Shapiro, W. J. Manning, K. Pond; 
AFFILIATION: Beth Israel Deaconess Medical Center, Boston, MA.

Introduction: Transesophageal echocardiography (TEE) has become a
routine diagnostic procedure in the ambulatory setting. Most sedation
for TEE is done by nurses trained in conscious sedation with
Midazolam, Fentanyl, and occasionally Propofol being the most
commonly administered sedatives. Administration of these sedatives
may improve patients’ tolerance; however it increases the risk of
complications. We undertook this project to demonstrate a unique
approach of sedation for TEE in an obese patient with complicated
medical history.
Method: Several weeks ago, our colleagues from cardiology requested
a consult for the administration of sedation for an elective, ambulatory
TEE outside of the operating room. We used Monitored Anesthetic Care
(MAC) to facilitate the TEE exam. The sedation of choice for this case
was midazolam and dexmedetomidine (an alpha-2 agonist.) Since this is
an unusual approach for sedation for TEE, we videotaped the procedure
for teaching purposes.
Results: The administration of dexmedetomodine was easy, the patient
maintained spontaneous ventilation without airway obstruction and
conditions for the TEE were optimal. The patient expressed satisfaction
from the sedation. She was safely discharged home without delay two
hours after the procedure.
Discussion: This unique approach is preferable over the standard of
care in its minimal effect on ventilation with preservation of PaO2 and
minimal increase of PCO2 especially when the airway is shared with the
cardiologist or endoscopist. These qualities are especially beneficial in
obese patients, patients with sleep apnea and those with compromised
airways. Dexmedetomidine is an alpha-adrenergic agonist with a higher
selectivity for the alpha-2 receptor than clonidine (on the order of
1620:1 versus clonidine’s 300:1), which accounts for its linear dose
response curve1. Dexmedetomidine has been shown to have sedative,
amnestic, and analgesic properties, and because its selectivity for the
alpha-2 receptor is so high, it can be used in patients in whom
cardiorespiratory stability must be maintained. A loading dose of 1

microgram per kilogram followed by an intravenous infusion of 0.2-0.7
micrograms per kilogram per hour produces safe and reliable sedation2.
Within the usual range of plasma concentrations it does not affect the
smooth muscle in peripheral resistance vessels, so autonomic responses
are blunted3. In summary, dexmedetomidine is unique among sedatives
for its ability to provide sedation, anxiolysis, and analgesia without
causing significant concomitant respiratory depression while
maintaining cardiovascular stability.
References:
1. Alpha-2 adrenergic agonists: A new role in outpatient anesthesia.
Dannemiller Memorial Educational Foundation, Vol. XVIII, Ch. 21.
2. Pharmacokinetics of dexmedetomidine infusions for sedation of
postoperative patients requiring intensive care. British Journal of
Anesthesia. 2002; 88: 669-75.
3. Dual alpha-2 adrenergic agonist and alpha-1 adrenergic antagonist
actions of dexmedetomidine on human isolated endothelium-denuded
gastroepiploic arteries. Anesthesia and Analgesia 2002; 94: 1434-40.
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S-7. 
IS THERE A ROLE FOR VISCOUS LIDOCAINE IN UPPER
ENDOSCOPY? 

AUTHORS: R. Spatz, W. Saweris, M. Seif, A. Weiss, R. Michael, A.
R. Abadir; 
AFFILIATION: The Brookdale University Hospital Medical Center,
Brooklyn, NY.

Introduction:
The usefulness of topical pharyngeal anesthesia for endoscopic
procedures is not well established. Although topical pharyngeal
anesthesia has been shown to improve patient tolerance to endoscopy in
the absence of conscious sedation, the existing literature is conflicting
regarding additional benefits of pharyngeal anesthesia in patients
receiving deep sedation (1-4).
The aim of the present study was to determine the role of viscous
lidocaine gel with deep sedation in obese patients undergoing upper
gastrointestinal endoscopy in relation to the incidence of apnea, total
propofol dosage, oxygen % saturation and procedure performance.
Material and Methods:
Nine hundred obese patients undergoing upper endoscopy were
enrolled in this study. Patients were randomized into four groups to
receive: propofol alone (Group I), propofol and viscous lidocaine gel
(GroupII), midazolam and propofol (Group III), and midazolam,
propofol and viscous lidocaine gel (Group IV). Propofol was given
intravenously to induce deep sedation by increasing target
concentration in a dose from 0.9 -1.3 mg/kg. Pharyngeal anesthesia was
given using 15 ml of 2% viscous lidocaine gel to the pharynx. The
patient was encouraged to gargle the solution for 15 seconds before
swallowing it. After 4-6 minutes propofol was given and the endoscopic
procedure was performed. The sedative was intravenous midazolam 2
mg/ml in a bolus dose of either 3 mg or 5 mg, depending grossly on the
size and age of the patient. Monitoring with capnography and end tidal
CO2 were done for every patient to allow for rapid titration of propofol
at the earliest signs of respiratory depression.
Results:
The use of either VLG or midazolam resulted in decrease of the mean

dosage of propofol used to 60.04% and 66.1% respectively. When VLG
and midazolam used additively, the mean total dosage of propofol used
decreased to 27.68%. One patient (0.4%) in group IV (propofol +
midazolam + viscous lidocaine gel) suffered mild apnea with a highly
significant decrease in the average doses of propofol used (P=0.0001).
Disscusion and conclusion:
Our results indicated that the use of the viscous lidocaine gel in the
practice of diagnostic upper endoscopy in deeply sedated patients dose
not only help in decreasing the total dosage of propofol needed to
induce deep sedation but also decreased the incidence of occurrence of
apnea, especially in obese patients and has no effect on the oxygen %
saturation or the duration of performing the endoscopic procedure.
References:
1. Vargo JJ, Zuccaro G, DumOt JA. et. Al. Gastroenterology 2002;
23:8-16 
2. Vargo JJ. Propofol: Gastrointest Endosc Clin N Am 2004;14:313-23 
3. Lee YS. J Int Med Res 2004;32:19-24
4. Radaelli F, Terruzzi V, Minoli G. Gastroentest Endosc Clin N Am
2004;14:335-52

S-8. 
DIFFICULT AIRWAY MANAGEMENT AND THE NOVICE
PHYSICIAN 

AUTHORS: N. Aikins, R. Ganesh, K. E. Springmann, J. J. Lunn, S.
Mydur, J. Solis-Keus; 
AFFILIATION: Texas Tech University Health Sciences Center, El
Paso, TX.

Background: Selection of the ideal airway device in patients with
difficult airways or potentially difficult airways (DA) remains
contentious especially for a novice anesthesia physician (NP) who must
deviate from conventional direct laryngoscopy with a rigid
laryngoscope following a failed intubation and employ one of several
alternative devices. In this prospective randomized study, the author
reports the reliability, rapidity and safety for a novice physician using
four alternative airway devices to intubate 20 obese (BMI>27.5)
patients who may be more difficult to intubate than normal weight
patients.
Methods: The author investigates a novice physician’s use of the
Bullard™, Fiberoptic™, Fastrach™ and Trachlight™ comparing
reliability, rapidity and safety of orotracheal intubations in obese
patients. Following induction of anesthesia the NP was allowed up to a
maximum of two attempts at oral intubation per device. Mean
intubation times+/- SD, % success rates and postoperative
complications are evaluated for each group.
Results: The Fastrach™ was successful 100% of the time on the first
attempt requiring a mean time of 55 seconds +/-6.6. All intubations
were unsuccessful following two attempts with the Fiberoptic™. A
success rate of 20% (1 of 5) was recorded for the Trachlight™ achieved
on first attempt after 95 seconds. The Bullard™ was successful in 40%
(2 of 5) of the patients after a mean time 60 seconds +/-5, but was the
only device to result in mild oral discomfort one day post operatively.

Table 1

Discussion: In the hands of a novice physician, managing a difficult or
a potentially difficult airway, such as obese patients, the LMA-
Fastrach™ may be the most reliable device.

S-7
S-8



S-9. 
ASSOCIATION OF PLASMA ARGININE VASOPRESSIN
LEVELS WITH FAILURE TO VOID FOLLOWING
OUTPATIENT LAPROSCOPIC GYNECOLOGIC SURGERY 

AUTHORS: S. Ahmad, P. C. Fitzgerald, R. J. McCarthy; 
AFFILIATION: Northwestern University Feinberg School of
Medicine, Chicago, IL.

Introduction: Patients undergoing gynecologic laparoscopy are
required to void prior to hospital discharge. Laparoscopy is associated
with a marked increase in plasma arginine vasopressin (pAVP) shortly
after insufflation of the abdomen(1). Patients who do not void shortly
after surgery generally do not have urinary retention, but generally have
reduced urine volume in the bladder (2). The purpose of this study was
to compare pAVP levls following laparoscopy in patients who voided
shortly after surgery with those that did not.
Methods: After IRB approval and written consent, 25 elective
gynecologic laparoscopy patients were studied. Subjects received
standardized anesthetic regimen consisting of sevoflurane, sufentanil
and rocuronium. pAVP levels were obtained before anesthesia, 2 min
post insufflation and 2 min after exsufflation. Patient characteristics,
insufflation pressure, duration of surgery, and intraoperative fluids were
recorded. In the recovery area, VAS for pain on admission and
discharge, the frequency of nausea,vomiting and use of analgesics and
antiemetics were noted. Subjects were stratified into groups based on
their ability to void within 180 minutes postoperatively. pAVP levels
were analyzed using 2 way ANOVA for repeated measures in one-
variable. Data were analyzed using the Mann-Whitney U-test and the
Fishers exact test. A P < 0.05 was required to reject the null hypothesis.
Results: Fourteen subjects voided within 180 min postoperatively.
Subject characteristics and intraoperative parameters did not differ
between those that voided and those that did not void. The median
(range) duration of surgery was 105 (60-190) min, last oral intake 10 (7-
12) hours, intraoperative iv fluids 1300 (600-3860) ml, intraoperative
urine output 100ml, and insufflation pressure 13 (10-15) mmHg. The
concentration of pAVP was significantly increased compared to
baseline at insufflation and further increased following exsufflation in

both subjects that voided with 180 min and those that did not (fig). The
change in pAVP concentrations did not differ between groups.
Recovery room admission and discharge pain scores as well as the
frequency of nausea, vomiting and need for analgesics and antiemetics
was similar between groups.
Discussion: This study showed that abdominal distention due to
insufflation and exsufflation during laparoscopic gynecologic
procedures increased pAVP levels 25 fold. The change in pAVP levels
however was not associated with delayed time of urination
postoperatively.
References: 1. Lancet: 1;175-176, 1982. 2. Anesth Analg 89: 90-97,
1999 

S-10. 
HOW SWEET IT CAN BE: PREDICTING POSTOPERATIVE
GLUCOSE CONTROL 

AUTHORS: V. K. Moitra, J. Greenberg, B. Sweitzer, M. Drum; 
AFFILIATION: University of Chicago Hospitals, Chicago, IL.

Introduction: Glycemic control during the perioperative period is
challenging. To our knowledge, there are no data on the use of HbA1c
or other factors to predict glucose control in fasting patients during the
postoperative period. Our study examined the predictive value of
HbA1c and other variables for postoperative glucose values.
Methods: After IRB approval, 241 patients were analyzed in a
prospective observational study. HbA1c values were drawn before
surgery followed by a postoperative test of blood glucose. The
relationship between fasting glucose levels and HbA1c was evaluated
using multivariable linear regression with glucose level as the
dependent variable and HbA1c as the primary explanatory variable,
controlling for age, sex, race, BMI, NPO duration, surgery risk class1,
type of anesthesia, and time of day as potential covariates. The analysis
excluded patients who had taken morning insulin, steroids or
hypoglycemic agents on the day of surgery. 

Results: HbA1c was a highly significant predictor of postoperative
glucose levels. In the multivariable model, time of day, elapsed time
since the preoperative measure, and surgical risk class also significantly
predicted postoperative glucose levels. Postoperative glucose was
significantly lower later in the day. In contrast, postoperative glucose
levels increased significantly with elapsed time from the preoperative
measure. Postoperative glucose was also significantly higher among
patients undergoing riskier surgeries. While surgical risk class was the
stronger predictor, type of anesthesia was a significant alternative.
Variation in postoperative glucose was considerable, as exhibited by the
range (60 - 324) and standard deviation, and only 26% of the variability
could be explained by the best fitting model (Adj R2 = 0.2580).
Discussion: Glucose normalization in diabetic patients undergoing
surgery lowers the risk of complications such as infection and wound
healing.2 HbA1c, time of day, surgical risk category, and anesthesia type
may be used to determine which patients are at higher risk for poor
glucose control in the postoperative period. As anesthesiologists adjust
perioperative diabetic management, we believe these data may be useful
in stratifying therapies and preventing episodes of hyperglycemia.
1 A Consensus Approach to Preoperative Evaluation Using the Johns
Hopkins Risk Classification System
2 Diabetes Care 1999; 22: 1408-14.

Dependent Variable: Postoperative Fasting Blood Glucose (N = 223)
Model 1:

Covariate Coefficient Standard 
Error P-value

HbA1c (%) 15.8 2.49 < 0.001
Time of day of preoperative glucose - 3.0 1.38 0.031
Hours since preoperative glucose 3.7 1.49 0.015

Hopkins Surgery Risk Class 3 vs. 1-2 26.0 7.12 < 0.001
4-5 vs. 1-2 34.5 10.60 0.001

Model 2:

Covariate Coefficient Standard 
Error P-value

HbA1c (%) 15.5 2.51 < 0.001
Time of day of preoperative glucose - 3.72 1.38 0.008
Hours since preoperative glucose 4.25 1.48 0.005
Anesthesia: General/Combo vs. MAC/Regional 23.1 7.78 0.003
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S-11. 
PREDICTING A SWEET CHANGE IN PERIOPERATIVE
GLUCOSE CONTROL 

AUTHORS: J. Greenberg, V. Moitra, B. Sweitzer, M. Drum; 
AFFILIATION: University of Chicago Hospitals, Chicago, IL.

Introduction
Glycemic control during the perioperative period is challenging because
multiple factors affect blood sugar, including the stress of surgery, acute
illness, anorexia, and NPO status. Our study examined the predictive
value of HbA1c and other variables for glucose change during the
perioperative period.
Methods
After IRB approval, 241 patients were analyzed in a prospective
observational study. The relationship between preoperative and
postoperative glucose levels and HbA1c was evaluated using
multivariable linear regression with glucose level as the dependent
variable and HbA1c as the primary explanatory variable, controlling for
age, sex, race, BMI, NPO duration, surgery risk class1, type of
anesthesia, and time of day as potential covariates. Models were fit for
pre- to postoperative change in glucose levels. The analysis excluded
patients who had taken morning insulin, steroids or hypoglycemic
agents on the day of surgery. 

Results
Glucose levels increased on average 20.0 ml/dL (s.d. = 48.7) from the
pre- to postoperative measurement. In multivariable regression, body
mass index (BMI), type of anesthesia and surgery risk class was

significantly associated with change from pre- to postoperative glucose
levels. Greater change occurred among heavier patients. Change was
also greater among patients undergoing riskier surgeries. Change in
glucose level was 22.4 ml/dL higher among patients who received
general anesthesia, alone or in combination with other modalities, than
in patients receiving regional anesthesia or monitored anesthesia care.
Change from pre- to postoperative glucose exhibited considerable
variability, ranging from a decrease of 288 ml/dL to an increase of 177
ml/dL, and only 26% of the variability could be explained by the best
fitting model (Adj R2 = 0.2647). HbA1c was a marginally significant
predictor of change in glucose levels when controlling for age.
However, this association was attenuated and no longer approached
significance when controlling for any of the other covariates.
Conclusions
The anesthetic management of diabetic patients requires a clear
understanding of glucose metabolism and physiology, interpretation of
laboratory test results, and an awareness of the potential for
hypoglycemia and hyperglycemia. Our data suggest that we may be
able to predict changes in glucose control during the perioperative
period based on BMI, anesthesia type, and surgical risk class.
1 A Consensus Approach to Preoperative Evaluation Using the Johns
Hopkins Risk Classification System

Dependent Variable: Pre to Postoperative Change in Fasting Blood 
Glucose (N = 233)

Covariate Coefficient Standard Error P-value
Body Mass Index 0.84 0.29 0.004

Anesthesia: General/Combo vs. 
MAC/Regional 22.4 7.87 0.005

Hopkins Surgery Risk Class 3 vs 1-2 31.6 7.37 < 0.001
4-5 vs 1-2 44.8 9.79 < 0.001

S-12. 
CAN REUSABLE LARYNGEAL MASK AIRWAYS (LMAS) BE
USED MORE THAN FORTY TIMES? 

AUTHORS: E. J. Goodman, A. M. Douglas, E. J. Ziegler, B. R. Lewis; 
AFFILIATION: Case Western Reserve University, Cleveland, OH.

Introduction: The manufacturer of the classic reusable LMA
recommends that their product not be used more than 40 times because
of decreases in the tear strength, tensile strength and elongation and
increased stiffness of the polymer it contains.1 We attempted to replicate
their results to verify their conclusions.
Methods: After IRB approval was obtained, the number of uses of
recently purchased LMAs was tabulated. When it was verified that at
least 100 uses had taken place, the LMAs were taken for analysis.
Samples were taken of the cuffs and tested for elongation, tensile
strength, stiffness and tear strength. The cuff from an unused LMA was
analyzed in the same way for comparison. Where possible, the tests
conformed to ASTM standard protocols. The data obtained were
compared to results reported by the manufacturer for devices that had
been used 100 times.
Results: Three LMAs that had been used over 100 times and an unused
one (for comparison) were analyzed. The tensile strength was found to
increase by approximately 25%, while the LMA manufacturer reported
a 30% decrease in tensile strength after 100 uses. We found increased
stiffness and decreased tear strength of the samples, as the manufacturer
reported. However, the tear strength was decreased by only half as
much as the manufacturer found while the stiffness of the silicone
increased three times more than that of the manufacturer’s samples. The
decrease in elongation of the material by 30% agreed with the
manufacturer’s literature.

Conclusion: The silicone in reusable LMAs does not lose its tensile or
tear strength after 100 uses to the extent that the company claims. On
the other hand, it may become stiffer than the manufacturer predicts.
This decrease in flexibility may not have any bearing on the longevity
of the device. We conclude that 100 uses- and perhaps more- may be
considered safe for this device.
Reference: 1. LMA North America product literature.
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S-13. 
METOCLOPRAMIDE DOES NOT INCREASE THE
ANTIEMETIC EFECTIVENESS OF DEXAMETHASONE IN
OUTPATIENTS UNDERGOING ENT PROCEDURES 

AUTHORS: E. Zarate; 
AFFILIATION: Hospital Universitario de San Ignacio, Bogota,
Colombia.

In theory, the combination of two antiemetic medications with different
sites of activity should be more effective than one drug alone in
outpatients undergoing ENT procedures, with an inhalation-based
anesthetic technique1. Therefore, a prospective, randomized, placebo-
controlled, double-blind study was designed to compare the antiemetic
efectiveness of the combination metoclopramide-dexamethasone and
each one of these drugs administered alone.
202 consenting adult ASA I and II outpatients undergoing a variety of
ENT procedures utilizing a standardized general anesthetic technique
were randomly assigned to one of four treatment groups (n=52 each),
according to an IRB-approved protocol. The study groups consisted of:
Group A (dexamethasone, 8mg + metoclopramide, 10 mg), Group B
(dexamethasone, 8 mg + saline), Group C (saline + metoclopramide, 10
mg) and Group D (saline + saline). The study medications (5 ml) were
administered intravenously 3 min before the anesthesia induction
(dexamethasone or saline) and 30 min prior to the end of surgery
(metoclopramide or saline). The times from discontinuation of
isoflurane to awakening, orientation and home-readiness were recorded.
Failed response to the prophylactic treatment was defined as the
occurrence of emetic episodes, persistent nausea for 15 min or
requirement for rescue antiemetic medications. Data were analyzed
using ANOVA for continuous variables and Chi-square test for discrete
variables, with p-values <0.05 considered statistically significant.The
four groups were similar with respect to their demographic
characteristics anesthesia and surgery times, recovery profiles and
postoperative analgesic requirements. During the PACU stay and at 24
hours, the number of patients who experienced a failed response was
significantly higher in the Groups C and D than Groups A and B. The
incidence of failed response was similar in the Groups A and B and in

the Groups C and D (Table). Dexamethasone and metoclopramide-
dexamethasone groups had the shortest times to home readiness (Table).

*P < 0.05 vs Group D
†P < 0.05 vs Group C
‡P< 0.01 vs Group D
§P < 0.01 vs Group C
Prophylactic dexamethasone (8 mg IV) administered before anesthesia
induction significantly reduces the incidence of PONV in outpatients
undergoing ENT procedures. Metoclopramide (10 mg IV) administered
prior to the end of surgery does not increase antiemetic effectiveness of
dexamethasone. At this dose, metoclopramide is as effective as placebo.
(1) N Engl J Med 2004; 350:2441-51

Group A 
(n = 52)

Group B 
(n = 52)

Group C 
(n = 52)

Group D 
(n = 52)

n (%) (95% CI) n (%) (95% CI) n (%) (95% CI) n (%) (95% CI)

Vomiting (PACU) 6 (11.5) 
(3 - 20) *

4 (7.69) 
(5 - 14) † ‡

13 (25) 
(13 - 37)

20 (38.5) 
(25 - 52)

Nausea (PACU) 4 (7.69) 
(4.5 - 14) †‡

2 (3.85) 
(1 - 9) § ‡

13 (25) 
(13 - 36)

21 (40.4) 
(27 - 54)

Rescue (PACU) 3 (5.77) 
(5 - 12) § ‡

2 (3.85) 
(1 - 9) § ‡

13 (25) 
(13 - 37)

19 (36.5) 
(23 - 49)

Failed Treatment (PACU) 7 (13.5)
(4 - 23) †‡

5 (9.6) 
(2-17) § ‡

13 (25) 
(13 - 37)

23 (44.2) 
(22 - 49)

Failed Treatment (24 h) 2 (3.8) 
(-0.14 - 9) †‡

6 (12) 
(3 - 20) §

16 (32.7) 
(20 - 45)

11 (21.2) 
(10 -32)

Home-ready (min)) 162 ± 67§* 153 ± 70‡§ 230 ± 164 219 ± 120

S-14. 
EVALUATION OF ELECTROENCEPHALOGRAPHIC CEREBRAL
STATE INDEX (CSI) AND BISPECTRAL INDEX (BSI) VALUES
DURING AMBULATORY ANESTHESIA 

AUTHORS: J. Tang1, P. F. White2, R. H. Wender1; 
AFFILIATION: 1Cedars-Sinai Medical Center, Los Angeles, CA, 2UT
Southwestern Medical Center, Dallas, TX.

INTRODUCTION: The Cerebral State Monitor (CSM) has been
recently introduced into clinical practice. The cerebral state index
(CSI), a new quantitative index for the level of sedation/hypnosis, is
calculated by four subparameters from the spontaneous EEG. CSI has
been reported to be a good measurement to detect patient’s
consciousness during general anesthesia. We designed this study to
compare the clinical utility, as well as the sensitivity and specificity of
the CSI to the bispectral index (BIS) using the XP platform. In addition,
their ability to predict the level of consciousness during induction and
emergence from general anesthesia were evaluated.
METHODS: 10 consenting outpatients scheduled for laparoscopic
surgery were enrolled in this prospective study. After application of
both the CSI and BIS electrode systems, anesthesia was induced with
propofol, 2 mg/kg IV, and fentanyl 1 µg/kg IV. Desflurane 2-6% end-
tidal in combination with N2O 60% was administered for maintenance
of anesthesia. The times to display the values from both monitors, and
the comparative CSI and BIS values at specific intervals during the
induction and emergence periods were recorded (means±SD, with a=
p<0.05 vs BIS value).
RESULTS: Both the BIS and CSI values were found to predict the
level of consciousness. The area under the receiver operating
characteristic (ROC) curve for detection of consciousness indicated a
similar performance with the CSI (0.98 ± 0.07) and the BIS (0.98 ±
0.07) electrode systems. The CSI exhibited a good correlation with the
BIS during both the induction (r = 0.85) and emergence (r = 0.80)
periods. Interesting, the CSI responds to the induction were slower than
BIS, however, the CSI showed significantly faster to baseline values
than BIS during the emergence period. The CSI experienced similarly
interference from the electrocautery during surgery to the BIS (5% vs

7%, respectively).
DISCUSSION: The CSI appears to possess similar sensitivity and
specificity to the BIS in assessing consciousness during induction and
emergence from general anesthesia. The CSI may offer an advantage
with respect to assessing recovery from general anesthesia, it would
appear that the CSI monitor is a viable alternative to the BIS monitor in
the ambulatory setting.

BIS CSI
Total time to display value (sec) 99±27 75±10a
Baseline (awake) 88±7 88±6
Loss of consciousness 54±19 65±14
Intubation 39±10 51±9
Pre-incision 40±11 43±5
5 min after incision 39±11 40±7
End of anesthesia 49±12 45±4
Following comment 78±7 88±6a
Orientation 82±7 88±6
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S-15. 
AWARENESS, TREATMENT, AND CONTROL OF DIABETES:
A SURVEY AMONG OR PATIENTS 

AUTHORS: C. D. Brunson1, J. Walters1, X. Wang2, M. A. Wheaton1,
I. Eriator1, J. Pan1; 
AFFILIATION: 1University of Mississippi Medical Center, Jackson,
MS, 2Jackson State University, Jackson, MS.

Introduction: The prevalence of diabetes mellitus in both adults and
children has been steadily rising throughout the world for the past 20-30
yr. Better glycemic control in diabetic patients undergoing major
surgery has been shown to improve perioperative mortality and
morbidity. The aim of this study is to determine awareness, treatment
and control of diabetes among our OR patients.
Methods: After IRB approval, patients with diabetes, age 45 or above
were contacted in the Ambulatory Surgery Unit. A survey questionnaire
was used to extract data in a 1- to -1 interview. The questionnaire
contained information on health status, demographic characteristics,
awareness of diabetes, management of diabetes, insurance status, access
to care, and whether diabetes is under control. Data was collected on a
survey form and input into an Excel file. Categorical data was analyzed
using Fisher’s exact test, and numerical data was analyzed using two-
tail t-test. P < 0.05 was considered as statistical significance.
Results: 25 patients (56% female) were recruited for this study. Among
them, 17 were African American, and the rest of them were Caucasian.
Average age was 61 yr. Average diabetes history was 13 yr. 76% of
patients had insurance; however, 56% of patients did not see a doctor
during the past 12 months because of the cost. 84% of patients checked
their blood glucose daily. 12% of patients check their HbA1c every
three months. Most patients managed their diabetes by changing their
life style and by taking insulin or oral medication. 68% of patients’
blood glucose level was not under control. 32% of patients had
retinopathy. Major variables were not statistically significant between
the two ethnic groups.

Conclusion: A high percentage of patients were still concerned about
the cost of their health care. Most patients regularly checked their health
condition and put forth effort to control their diabetes. However, a high
percentage of patients’ glucose levels were not under control. Most
patients did not have an HbA1c done regularly.
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S-16. 
ISOFLURANE ATTENUATES APOPTOSIS AFTER REGIONAL
MYOCARDIAL ISCHEMIA AND REPERFUSION IN RABBITS
VIA PHOSPHATIDYLINOSITOL-3-KINASE/AKT SIGNALING 

AUTHORS: J. Raphael1, S. Abedat2, J. Rivo3, R. Beeri3, Y. Gozal3; 
AFFILIATION: 1University of Virginia Health System,
Charlottesville, VA, 2Hebrew Univerity Hadassah Medical Center,
Jerusalem, Israel, 3Hebrew University Hadassah Medical Center,
Jerusalem, Israel.

Objective: to evaluate whether anesthetic-induced preconditioning
attenuates myocardial apoptosis and whether the phosphatidylinositol-
3-phosphate (PI3K)/Akt pathway is involved in the regulation of
anesthetic induced cardioprotection.
Methods: Using a model of regional myocardial ischemia and
reperfusion, rabbits were subjected to 40 minutes of regional
myocardial ischemia followed by 180 minutes of reperfusion and were
assigned to the following groups: a control group of ischemia and
reperfusion (I/R), anesthetic-induced (1 minimal alveolar concentration
of the volatile anesthetic isoflurane) preconditioning group and an
additional group that was exposed to combination of isoflurane and the
PI3K inhibitor, wortmannin (0.6 mg/kg intravenously). A sham-
operated, wortmannin + I/R and wortmannin + sham groups were also
included. Myocardial infarct size was assessed by 2,3,5-triphenyl
tetrazolium chloride staining. Myocardial apoptosis was evaluated by
terminal deoxynucleotidyl transferase-mediated dUTP nick-end
labeling (TUNEL) and activated caspase 3 assays. Phosphorylation of
Akt, a downstream target of PI3K was assessed by Western blotting.
Results: isoflurane preconditioning reduced infarct size compared to
the control group: 22±4% vs. 41±5% (p<0.05). The percentage of
apoptotic cells decreased in the isoflurane group (3.8 ± 1.2%) compared
to control group (9.3 ± 1.6%; P < 0.05). These results were also
confirmed by the activated caspase-3 assay. Wortmannin inhibited the
cardioprotective effect of isoflurane: myocardial infarction increased to
44 ± 3% and the percentage of apoptotic cells was 8.6 ± 1.4%. Akt
phosphorylation was increased after isoflurane preconditioning.
Wortmannin blocked this effect as well.

Conclusions: We conclude that isoflurane protects the heart against
ischemia and reperfusion by decreasing apoptosis and infarct size via
activation of PI3K.

S-17. 
THE EFFECT OF AGING ON WARM ISCHEMIA
REPERFUSION INJURY IN THE RAT LIVER 

AUTHORS: Y. Park1, M. Behrends2, R. Hirose2, L. Ferell2, N.
Serkova3, C. U. Niemann2; 
AFFILIATION: 1Gachon Medical School, Gil Medical Center,
Incheon, Republic of Korea, 2University of California San Francisco,
San Francisco, CA, 3University of Colorado, Denver, CO.

Introduction: To investigate the effect of aging on ischemia repefusion
injury in the rat liver.
Methods: Male Lewis rats (3 and 9 months) were subjected to 75
minutes of partial hepatic warm ischemia (70% of the liver) followed by
8 hours (n=6) and 24 hours of reperfusion (n=8), respectively. Animals
were kept normothermic during surgery. Blood and tissue were
harvested in all groups at the end of reperfusion. Conventional liver
enzymes (AST/ALT), histology, myeloperoxidase (MPO) a marker of
inflammatory response, magnetic resonance spectroscopy (MRS)
analysis, and animal recovery/survival were used for assessment.
Results: Hepatocellular injury was significantly greater in aged rats
after 8 hr of reperfusion, as determined by hepatic enzymes and
histology. ALT and AST were 31324±9147 U/L and 18687±2911 U/L
in aged rats, where as 11057±4328 U/L and 10960±2861 U/L in young
rats (p<0.05). Hepatic necrosis (greater than 75%) was signficantly
higher in aged rats when compared to young rats (less than 25%),
p<0.05. MPO activity in liver samples was significantly increased in the
aged rats after 8 hr of reperfusion (157±38 mU/mg vs. 104±26 mU/mg,
p<0.05). In the old rats, MRS analysis demonstrated severe alterations
in blood metabolic profile (e.g.higher lactate, lower glucose) when
compared to young rats. Interestingly, MRS also revealed impaired
renal function (increased creatinine. All rats survived 8 hr of
reperfusion. However, all old rats died after 24 hr of reperfusion
whereas all young rats survived.
Discussion: Advanced age is associated with higher hepatocellular
injury and poor survival in warm ischemia reperfusion injury of the rat
liver. Inflammatory response is more pronounced in the old rat and
blood chemistry signficantly altered.
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S-18. 
MILD HYPOTHERMIA REDUCES HEPATIC ISCHEMIA/
REPERFUSION INJURY IN OBESE RATS 

AUTHORS: M. Behrends1, S. Choi1, N. Serkova2, C. Niemann1; 
AFFILIATION: 1University of California San Francisco, San
Francisco, CA, 2University of Colorado Health Sciences Center,
Denver, CO.

Introduction: Steatotic liver is more susceptible to the deleterious
effects of ischemia/ reperfusion, resulting in impaired liver function and
increased complications following hepatic surgery1. Mild hypothermia
is known to protect against hepatic ischemia/ reperfusion injury2. The
effects of such moderate decreases in body temperature during hepatic
ischemia/ reperfusion on postischemic liver function in steatotic liver
have so far not been addressed. We therefore assessed hepatic
metabonomics and injury in rats undergoing partial hepatic ischemia
that where either allowed to cool down to 33°C or maintained at 37°C.
Methods: In 10 isoflurane- anesthetized male obese Zucker rats (450-
550 grams) vascular supply to the left and medial lobe (70% of the
liver) was clamped for 75 minutes. One group of rats were allowed to
cool down to 33.3±0.1°C (T33, n=5), then a heating lamp was used to
maintain this temperature. The normothermic group was maintained at
36.9±0.3°C (T37, n=5). Following 8h of reperfusion, blood and liver
samples were harvested. We assessed liver damage by serum
transaminase concentrations and histology. 1H-NMR spectra from
whole blood were used to compare in detail the effects of hypothermia
on cellular metabolism of steatotic livers following ischemia/
reperfusion.
Results: After 8 h of reperfusion, hypothermia reduced ALT to
7359±5169 vs. 29532±16717 U/L and AST to 8857±6053 vs.
39234±16825 U/L when compared with normothermia (p<0.05 vs.
T37). Histological assessment confirmed more than 75% necrotic
hepatocytes with T37, but less than 25% necrosis in the hypothermic
group. Blood from normothermic animals obtained after 8 hrs of
reperfusion contained significantly higher concentrations of lactate
(p=0.001) and lower concentrations of glucose (p=0.01) than
hypothermic animals; the (liver) osmolyte betaine was also markedly

increased (p=0.0002) in blood from the normothermic group. In
addition, normothermic rats had elevated circulating fatty acids
(p=0.002), triglycerides (p=0.0005), glutamate (p=0.003), succinate
(p=0.03), and acetate (p=0.03) compared to the hypothermic group.
Discussion: We established a reproducible ischemia-induced fulminant
necrosis model in obese rats which resulted in metabolic profiles similar
to acute liver failure. We also demonstrated that mild hypothermia
prevents massive liver injury. NMR blood profiles indicate that
hypothermia protects cellular metabolism and identifies betaine as a
putative marker of liver injury. Mild normothermia appears to be a
feasible procedure to compensate for the increased sensitivity of
steatotic livers for hepatic ischemia/ reperfusion injury.
References:
1. Kooby DA, Fong Y, Suriawinata A, Gonen M, Allen PJ, Klimstra
DS, DeMatteo RP, D'Angelica M, Blumgart LH, Jarnagin WR: Impact
of steatosis on perioperative outcome following hepatic resection. J
Gastrointest Surg. 2003; 7:1034-44
2. Choi S, Noh J, Hirose R, Ferell L, Bedolli M, Roberts JP, Niemann
CU: Mild hypothermia provides significant protection against ischemia/
reperfusion injury in livers of obese and lean rats. Ann Surg. 2005;
241:470-6

S-19. 
DUAL EXPOSURE TO ISOFLURANE SUPPRESSES
MYOGLOBIN RELEASE EVOKED BY MYOCARDIAL
ISCHEMIA AND REPERFUSION IN RABBITS 

AUTHORS: H. Kitagawa1, T. Yamazaki2, T. Akiyama2; 
AFFILIATION: 1Shiga University of Medical Science, Shiga, Japan,
2National Cardiovascular Center Resarch Institute, Osaka, Japan.

Introduction: Although repeated brief ischemia attenuates myocardial
ischemia-reperfusion injury, the effect of repeated exposure to volatile
anesthesia on myocardial injury remains unclear. We tested whether two
brief exposures to isoflurane would lead to a better preconditioning
state than would a single exposure and whether dual exposure to
isoflurane would achieve beneficial effect on myocardial ischemic or
reperfusion injury. 
Methods: A dialysis probe was implanted into the left ventricle free
wall in the pentobarbital-anesthetized rabbits. Dialysate myoglobin
level was served as an index of myocardial interstitial myoglobin levels.
Rabbits were randomly assigned to one of three groups: (1) Vehicle
group (n=6) was without exposure to isoflurane (ISO) (ISO30(-)). (2)
Rabbits were inhaled to 2% isoflurane once for 30-min (ISO30-1, n=6)
and (3) twice for 30-min (ISO30-2, n=6), with a 15-min washout period
interspersed. Isoflurane exposure was followed by a 15-min of washout
period before ischemia, and all rabbits then underwent 30 min of
coronary occlusion and 60 min of reperfusion. 
Results: In all three groups myoglobin release increased during
ischemia and furthermore augmented during reperfusion. ISO30-1
group only suppressed the myoglobin release during reperfusion.
ISO30-2 group yielded a greater depression in myoglobin release
during both ischemic and reperfusion periods. 
Conclusion: Dual exposure to isoflurane suppressed the myocardial
myoglobin release evoked by ischemia and reperfusion period.
Similarly to ischemic preconditioning, repeated exposure to isoflurane
seems to be more beneficial for myocardial protection in the clinical
setting. 
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S-20. 
CARDIOPROTECTION BY ISOFLURANE OR BRIEF,
REPETITIVE ISCHEMIA DURING EARLY REPERFUSION IS
ABOLISHED BY INHIBITION OF B-CELL LYMPHOMA 2
PROTEIN IN RABBITS 

AUTHORS: D. Weihrauch, J. G. Krolikowski, D. A. Neff, D. C.
Warltier, J. R. Kersten, P. S. Pagel; 
AFFILIATION: Medical College of Wisconsin, Milwaukee, WI.

Introduction: Brief exposure to isoflurane or repetitive episodes of
transient ischemia during early reperfusion after coronary artery
occlusion protects against myocardial infarction by activating
phosphatidylinositol-3 kinase signal transduction and inhibiting
mitochondrial permeability transition pore (mPTP) activity(1-3). B-cell
lymphoma (Bcl-2) is an antiapoptotic protein located in the outer
mitochondrial membrane (4) that inhibits mPTP during delayed
ischemic preconditioning (5). Isoflurane also enhances Bcl-2 expression
in isolated cardiac myocytes in vitro (6). Whether Bcl-2 plays a role in
cardioprotection by isoflurane or brief, repetitive ischemia during
reperfusion is unknown. We tested the hypothesis Bcl-2 mediates
isoflurane- or ischemia-induced postconditioning in vivo.
Methods: Barbiturate-anesthetized rabbits (n=62) were instrumented
for the measurement of systemic hemodynamics and subjected to a 30
min left anterior descending coronary artery occlusion followed by 3 h
reperfusion. Rabbits were randomly assigned to receive 0.9% saline,
isoflurane [0.5 or 1.0 minimum alveolar concentration (MAC)]
administered for 3 min before and 2 min after reperfusion, three cycles
of postconditioning ischemia (10 or 20 s each) during early reperfusion,
or 0.5 MAC isoflurane plus three cycles of postconditioning ischemia
(10 s) in the presence or absence of the selective Bcl-2 inhibitor HA-14
(2 mg/kg, i.p., 30 min before coronary occlusion). Postconditioning
ischemia consisted of three cycles of 10 or 20 s coronary occlusions
separated by 10 or 20 s reperfusions beginning 10 or 20 s after initiation
of reperfusion, respectively. Myocardial infarct size was determined
using triphenyltetrazolium chloride staining. Statistical analysis was
performed with ANOVA followed by the Student-Newman-Keuls test
(*P<0.05).

Results: Systemic hemodynamics were similar between groups.
Isoflurane (1.0 but not 0.5 MAC) and postconditioning ischemia (20 but
not 10 s) reduced (P<0.05) infarct size [21±4*, 43±7, 19±7*, and
39±11%, respectively, of left ventricular area at risk (mean±SD)] as
compared to control (44±4%). Isoflurane (0.5 MAC) plus 10 s
postconditioning ischemia also produced protection (20±7*%). HA-14
alone did not affect infarct size (42±3%), but abolished the protection
produced by 1.0 MAC isoflurane (44±1%), 20s postconditioning
ischemia (46±3%), and 0.5 MAC isoflurane plus 10 s postconditioning
ischemia (41±4%).
Conclusions: The results indicate that Bcl-2 mediates isoflurane- or
ischemia-induced cardioprotection during early reperfusion in vivo.
References:
1. Chiari PC et al: Anesthesiology 2005;102:102-109.
2. Argaud L et al: Circulation 2005;111:194-197.
3. Krolikowski JG et al: Anesth Analg 2005;101:(In Press).
4. Krajewski S et al: Cancer Res 1993;53:4701-4714.
5. Rajesh KG et al: Cardiovasc Res 2003;59:297-307.
6. Jamnicki-Abegg M et al: Anesthesiology 2005;103:(In Press).

S-21. 
ANESTHESIA INDUCED MILD HYPOTHERMIA REDUCES
HEPATIC INJURY AND INFLAMMATION FOLLOWING
ISCHEMIA/ REPERFUSION IN RATS 

AUTHORS: M. Behrends, J. Yardi, R. Hirose, J. Maher, C. Niemann; 
AFFILIATION: University of California San Francisco, San
Francisco, CA.

Introduction: Moderate to severe hypothermia has shown to protect
against ischemia/reperfusion injury in the liver. Methods of cooling
have included total body cooling, hypothermic perfusion,
extracorporeal cooling, and topical cooling. However, the temperatures
found to protect the liver are often clinically unacceptable or require in
situ manipulation with selective perfusion. Whether anesthesia induced
clinically relevant mild hypothermia is equally protective is not well
established. We therefore assessed hepatic injury and subsequent
inflammatory response in rats undergoing partial hepatic ischemia
under normothermia (37°C), mild (34°C) and moderate (31°C)
hypothermia.
Methods: Male Wistar rats (300-400 grams) were divided in three
groups (n=6 each) and assigned to the different temperature groups.
Temperature was measured by a rectal probe and controlled by heating
pads and lamps. The vascular supply to the left and medial lobe (70% of
the liver) was clamped for 45 minutes. Following 24h of reperfusion,
blood and liver samples were harvested.
Results: After 24h of reperfusion, ALT and AST serum concentrations
increased to 5101±2378 and 6409±4202 U/L in the normothermic
group. Mild hypothermia (34°C) resulted in ALT and AST serum
concentrations of 99±87 and 171±38 U/L (p<0.01 vs. normothermia).
Moderate hypothermia (31°C) reduced hepatic injury to a similar
extend as mild hypothermia (34°C). Histological assessment
demonstrated more than 75% necrosis in the normothermic group and
less than 25% necrosis in the hypothermic groups. MPO activity was
significantly reduced in both hypothermic groups (110±73 (31°C) and
62±42 mU/min/mg protein (34°C)) when compared to the
normothermic group (1889±1606 mU/min/mg protein, p<0.01).
Discussion: Mild hypothermia of 34°C resulted in distinct

morphological and functional protection against hepatic I/R injury. The
reduction in liver necrosis and transaminase release was associated with
a profound inhibition of the neutrophil accumulation normally seen
following hepatic ischemia/ reperfusion. Further decrease in body
temperature had no additional protective effect. Our findings challenge
the concept, that a reduction of hepatic energy requirements is
responsible for hypothermia- induced protection. The protective effects
of mild hypothermia are most likely the consequence of the inhibition
of the inflammatory response evoked by ischemia/ reperfusion of the
liver.
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S-22. 
ALTERATIONS IN THE PROTEOME OF PULMONARY
ALVEOLAR TYPE II CELLS IN THE RAT AFTER LIVER
ISCHEMIA 

AUTHORS: J. Hirsch, J. Noh, K. C. Hansen, M. A. Matthay, A. L.
Burlingame, C. U. Niemann; 
AFFILIATION: University of California, San Francisco, San
Francisco, CA.

Introduction: Hepatic ischemia may cause injury to the lung. Alveolar
epithelial type II cells (ATII) are well known to play a key role in lung
injury and repair. Therefore, we investigated the impact of liver
ischemia on the proteome of these cells.
Methods: Male lean Zucker rats (250-300 g) were anesthetized with
isoflurane under spontaneous ventilation. Vascular supply to the left and
medial lobe (70% of the liver) was clamped for 75 min with subsequent
reperfusion. Sham operated Zucker rats were used as controls. After 8
h, bronchoalveolar lavage (BAL) was performed. ATII were isolated
(purity >90%) [1], lysed by sonication and fractionated. Proteins were
tryptically digested into peptides. The peptides were labeled using the
novel isobaric tagging reagent iTRAQ [2] and controls and samples
were pooled. Subsequently, the samples were purified by cation
exchange chromatography, separated by HPLC and identified using
ESI-MS-MS mass spectrometry. Spectra were interrogated and
quantified using ProteinProspector [3].
Results: After ischemia and reperfusion, we observed a significantly
increased neutrophil percentage (47.5±25.6%) compared to sham-
operated controls (5.3±3.0%) in BAL (p<0.01). Quantitative proteomics
showed statistically differences especially in proteins of the
mitochondrial energy metabolism, the oxidant antioxidant system and
the cell membrane. Proteins with altered content included ATP
synthase, catalase, superoxide dismutase and Na, K-ATPase.
Discussion: Liver ischemia leads to lung injury that can be detected by
quantitative mass spectrometry. The identified proteins have important
roles in cell metabolism, host defense and the clearance of pulmonary
edema fluid. The alterations in ATII after liver ischemia may be
clinically relevant and merits further investigation.

Supported by The American Society of Transplant Surgeons
Collaborative Research Award (CUN), DFG HI 810/1 (JH), NIH
P50HL74005 (MAM, JH) and NIH RR01614 (A.L.B).
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3. Chalkley, R.J., et al. Mol Cell Proteomics, 2005: Jun 3; [Epub ahead
of print].
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ISOFLURANE-INDUCED CARDIOPROTECTION DURING
EARLY REPERFUSION IS ENHANCED BY INHIBITION OF
GLYCOGEN SYNTHASE KINASE IN RABBITS 

AUTHORS: J. G. Krolikowski, D. A. Neff, D. Weihrauch, D. C.
Warltier, J. R. Kersten, P. S. Pagel; 
AFFILIATION: Medical College of Wisconsin, Milwaukee, WI.

Introduction: Inhibition of the beta isoform of glycogen synthase
kinase (GSK-beta) protects against ischemia-reperfusion injury(1).
Brief exposure to isoflurane before and during early reperfusion after
coronary artery occlusion also protects against infarction(2). Whether
GSK mediates this action is unknown. We tested the hypothesis that
GSK inhibition enhances isoflurane-induced postconditioning.
Methods: Barbiturate-anesthetized rabbits (n=86) were instrumented
for the measurement of systemic hemodynamics and subjected to a 30
min left anterior descending coronary artery occlusion followed by 3 h
reperfusion. Rabbits were randomly assigned to receive 0.9% saline,
isoflurane [0.5 or 1.0 minimum alveolar concentration (MAC)]
administered for 3 min before and 2 min after reperfusion, the selective
GSK inhibitor SB216763 (SB21; 0.2 or 0.6 mg/kg), or 0.5 MAC
isoflurane plus 0.2 mg/kg SB21. Other groups of rabbits pretreated with
phosphatidylinositol-3 kinase (PI3K) inhibitor wortmannin (0.6 mg/kg),
70-kDa ribosomal protein s6 kinase (p70s6K) inhibitor rapamycin (0.25
mg/kg), or mitochondrial permeability transition pore (mPTP) opener
atractyloside (5 mg/kg) received 0.6 mg/kg SB21 or 0.5 MAC
isoflurane plus 0.2 mg/kg SB21. Additional groups received mPTP
inhibitor cyclosporin A (5 mg/kg) plus 0.2 mg/kg SB21 with or without
atractyloside pretreatment. Myocardial infarct size was determined
using triphenyltetrazolium chloride staining. Statistical analysis was
performed with ANOVA followed by the Student-Newman-Keuls test
(*P<0.05).
Results: Systemic hemodynamics were similar between groups.
Isoflurane (1.0 but not 0.5 MAC) and SB21 (0.6 but not 0.2 mg/kg)
reduced (P<0.05) infarct size [21±5*, 44±6, 23±4*, and 46±2%,
respectively, of left ventricular area at risk (mean±SD)] as compared to
control (42±5%). Isoflurane (0.5 MAC) plus 0.2 mg/kg SB21 and

cyclosporin A plus 0.2 mg/kg SB21 produced similar degrees of
protection (25±4* and 27±6*%, respectively). Atractyloside but not
wortmannin or rapamycin abolished protection produced by 0.6 mg/kg
SB21 and 0.5 MAC isoflurane plus 0.2 mg/kg SB21. Atractyloside also
blocked reductions in infarct size produced by 5 mg/kg CsA plus 0.2
mg/kg SB21.
Conclusions: The results indicate that GSK inhibition enhances
isoflurane-induced protection against infarction during early
reperfusion via a mPTP-dependent mechanism.
References:
1. Rajesh KG et al: Cardiovasc Res 2003;59:297-307.
2. Chiari PC et al: Anesthesiology 2005;102:102-109.
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S-24. 
INHIBITION OF ERK ABOLISHES ISOFLURANE-INDUCED
PRECONDITIONING BY DOWNREGULATING HIF 1ALPHA
AND VEGF EXPRESSION IN RATS 

AUTHORS: C. Wang, M. Bienengraeber, J. R. Kersten, P. Pagel, D. C.
Warltier, D. Weihrauch; 
AFFILIATION: MCW, Milwaukee, WI.

Introduction: It has been shown that the hypoxia inducible factor
(HIF) and vascular endothelial growth factor (VEGF) are involved in a
number of intracellular processes that occur in response to hypoxia. HIF
and VEGF are regulated through activation of the extracellular signal
regulated kinase (Erk). The involvement of this intracellular signaling
pathway in anesthetic preconditioning by isoflurane is unknown. We
hypothesize that Erk is initially upregulated by isoflurane
preconditioning and consequently this is followed by an upregulation of
HIF and VEGF.
Methods: Rats were anesthetized with thiobutabarbital sodium and
acutely instrumented for measurement of systemic hemodynamics. All
rats were exposed to 30 minutes of isoflurane (1MAC) followed by 30
minute coronary occlusion and 2 hour reperfusion. In separate
experimental groups, rats were randomly assigned to receive 0.9%
saline (control), isoflurane (1MAC) and/or the Erk inhibitor PD 98059
(1.0 mg/kg in DMSO 0.2ml). PD98059 was administered either before
or after isoflurane. Myocardial infarct size was determined using
triphenyltetrazolium chloride staining. Myocardium was obtained
before occlusion and snap frozen in liquid nitrogen for western blot
analysis. Protein expression of Erk, HIF 1alpha and VEGF were
measured and band density was evaluated using NIH image software.
Statistical analysis was performed with ANOVA.
Results: Isoflurane and PD 98059 after isoflurane administration
reduced infarct size from 59.3±3.7% to 40.7±8.4% and 41.8±8.6%
respectively. PD 98059 administered before isoflurane prevented the
reduction in infarct size (60.7±4.7%). Western analysis of tissue
revealed that Erk, HIF1alpha and VEGF expression was upregulated in
isoflurane treated animals compared to control. PD 98050 blunted this
upregulation.

Conclusion: These results show that isoflurane preconditioning
increases Erk, HIF and VEGF protein expression. In addition we were
able to show that inhibition of Erk with PD 98059 abolishes the
upregulation of Erk, HIF and VEGF. These data show for the first time
the involvement of HIF 1alpha and VEGF in anesthetic
preconditioning.

S-25. 
UROKINASE-RECEPTOR (U-PAR)-PATHWAY INTERCEPTION
REDUCES INFARCT SIZE AND AMELIORATES SCAR
FORMATION AFTER MYOCARDIAL ISCHEMIA IN MICE 

AUTHORS: J. Larmann1, C. Herzog1, M. Schmitz2, D. G. Seidler3, K.
Jurk1, G. Theilmeier4; 
AFFILIATION: 1Department of Anesthesiology, UKM, Muenster,
Germany, 2Institute for Anatomy, UKM, Muenster, Germany, 3Institute
for Physiological Chemistry and Pathobiochemistry, UKM, Muenster,
Germany, 4Depts. Anesthesiology and Anatomy, UKM, Muenster,
Germany.

Introduction: 5 million patients anually suffer perioiperative
myocardial ischemia that can precipitate myocardial infarction.
Myocardial infarction induces scarring which leads to cardiac failure
and arrythmias. The extent of myocardial damage after infarction
depends on the ischemic damage, reperfusion, inflammatory response
and scar formation in the affected area. The inflammatory response is
the key amplificator of this process. U-PAR, a partner molecule of
integrins is important for leukocyte recruitment. We therefore examined
its role for myocardial healing and scarring using u-PAR deficient (u-
PAR-/-) mice and soluble recombinant u-PAR to modulate myocardial
wound healing after myocardial ischemia with reperfusion (MI/R). We
hypothesized that pharmacological or genetic u-PAR-pathway
interception will reduce infarct size, modulate inflammation and
improve myocardial scar formation.
Methods: With IRB approval MI was performed in age and gender
matched mice by surgical occlusion of the left anterior descending
coronary artery. After 30min reperfusion was initiated. In WT mice
100µg sru-PAR was injected IV upon reperfusion. Leukocyte depletion
was induced in WT mice with hydroxyurea. Infarct were
morphometrically assessed in TTC-stainings. Area at risk (AAR) was
assessed by coomassie blue injection after religation of the LAD.
Leukocyte infiltration 24h after MI/R was quantitated in cross-over
homing assays of fluophor-labelled PMN. For biochemistry hearts were
harvested on days 3 and 7 and separated into ischemic and non-

ischemic part for protein and RNA-extraction. ICAM-1-expression was
determined by Western blotting and RT-PCR. Collagen gene expression
was assessed by realtime RT-PCR at 72h. Collagen was quantified by
densitometry on SDS-PAGE after limited pepsin digestion on day 7
compared to a collagen standard.
Results: Infarct/AAR in u-PAR-/- was significantly reduced by 42%
(n=8, p<0.05) compared to WT 24h after MI/R. Sru-PAR reduced
infarct size by 32% compared to controls (n=6/4, p<0.05). Leukocyte
depletion reduced infarct size in WT to the level of u-PAR-/- but did not
further protect post-ischemic myocardium in u-PAR-/-. 24 hours after
MI/R 70% less u-PAR-/--PMN homed to WT infarctions while 35% less
WT-PMN homed to u-PAR-/--infarctions compared to the WT/WT-
experiment (n=5, p<0.05). ICAM-1-expression was similarly induced in
infarctions of both mouse strains. 72 hours after MI/R collagen mRNA
was significantly stronger induced in WT compared to u-PAR-/-

translating into significantly reduced collagen deposition 7 days post-
MI (n=7, p<0.05).
Discussion: U-PAR-deficiency and the recombinant receptor protect
against reperfusion injury by modulating inflammation that is conferred
by PMN-recruitment during reperfusion. Modulation of inflammation
translates into reduced scar formation and as we have previously shown
into improved function. This effect may be due to a competitive
antagonism of membrane bound u-PAR. U-PAR therefore represents a
potential therapeutic target to treat post-ischemic myocardial tissue.
Soluble u-PAR may be an attractive molecule to exploit this pathway
therapeutically.
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S-26. 
IN VIVO OPTICAL TRACKING OF MACROPHAGE
RECRUITMENT TO ISCHEMIC MYOCARDIUM USING
FLUORESCENCE MEDIATED TOMOGRAPHY (FMT) IN
MICE 

AUTHORS: T. Frenzel1, M. Schmitz2, A. Wallbrunn3, C. Lanckohr4,
C. Bremer3, G. Theilmeier1; 
AFFILIATION: 1Institute for Anatomy and Department of
Anesthesiology, UKM, Münster, Germany, 2Institute for Anatomy,
UKM, Münster, Germany, 3Institute for Radiology, UKM, Münster,
Germany, 4Department of Anesthesiology, UKM, Münster, Germany.

Introduction: Cardiovascular diseases (CVD) are the leading cause of
death in the western world. Post-mortal histological methods
demonstrated recruitment of inflammatory cells into post-ischemic
myocardium occurs during reperfusion in response to ischemia. (1)

Information on leukocyte recruitment in the clinical setting would
significantly ease diagnosis and allow control of therapeutic efficacy in
cardiovascular diseases. Means to non-invasively image inflammatory
cell recruitment in vivo are not available. We utilized the emerging
optical technology of fluorescence mediated tomography (FMT; 2) to
demonstrate that macrophages can be stained and tracked in ischemic
mouse myocardium in vivo using membrane targeted near-infrared
fluophors (NIRF).
Methods: With IRB approval thioglycollate elicited peritoneal
macrophages from green-fluorescent protein (GFP) transgenic mice
were stained with lipophile NIRF-dye 1,1'-dioctadecyl-3,3,3',3'-
tetramethylindotricarbocyanine iodide (DiR) at 20 nM for 30 min and
washed. Mice were subjected to transient ligation of the left anterior
descending coronary artery for 30 minutes to induce myocardial
ischemia and reperfusion (MI/R). Upon reperfusion 10x106

macrophages were injected intravenously. FMT was conducted 24
hours after MI/R. Organs were harvested for ex vivo planar
fluorescence reflectance imaging (FRI), histology and fluorescence
microscopy. FRI data were quantitated as mean peak fluorescence
intensities in the infarcted and non-infarcted areas. A target-to-

background ratio was calculated. Data are presented as mean ± SEM.
Non-parametric tests were used for data analysis.
Results: In SHAM-animals significant macrophage homing was
observed to lung, liver and spleen. No signal was observed in the heart
by FMT or FRI. Microscopically, double-labelling of the cells in liver,
lung and spleen with DiR and GFP confirmed a macrophage-associated
DiR-signal. Injection of cell-free DiR resulted in a weak signal in liver
and spleen but no signal in heart or lung. FRI demonstrated a significant
increase of fluorescence target-to-background ratio associated with
macrophage recruitment in the infarction. (1.83±0.17 vs. 1.14±0.06,
MI/R vs. SHAM, n= 9/6, p<0.001). In mice with MI/R injected with
macrophages FMT resolved fluorescence in the anterior mediastinum in
vivo which could be localized to the heart by correlative magnetic
resonance imaging and dual wavelength FMT using an additional
fluophor (Cy5.5) which was injected directly in to the heart.
Discussion: Optical Imaging using FRI or FMT to track NIRF-fluophor
labelled inflammatory cells is a powerful tool to specifically assess cell-
trafficking in CVD in vivo. This methodology may potentially allow to
measure cellular inflammatory responses not only in myocardial
ischemia but in all disease-states associated with leukocyte recruitment.
FMT may allow to estimate the extent of reperfusion induced tissue
damage and has the potential to be an invaluable research and
eventually clinical tool.
References:
1, Conway EM, Van de Wouwer M, Pollefeyt S, et al., J Exp Med. 2002;
196(5):565-77
2, Ntziachristos V, Tung CH, Bremer C et al., Nat Med. 2002; 8:757-60
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EFFECTS OF REPETITIVE ISCHEMIC PRECONDITIONING
ON SPINAL CORD ISCHEMIA IN A RABBIT MODEL 
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AFFILIATION: Department of Anesthesiology, Renmin Hospital of
Wuhan University, Wuhan, China.

Objective: A completely randomized controlled study based on a rabbit
model is designed to study the effect of repetitive ischemic
preconditioning (IPC) on spinal cord ischemia and its mechanism.
Methods: Twenty-four Japanese white rabbits were randomly and
double-blinded divided into sham-operation group, ischemia-
reperfusion group and IPC group with 8 rabbits in each group. Spinal
cord ischemia was induced by infra-renal aortic cross-clamp for 45
minutes in ischemia-reperfusion group. Before the 45 minutes
ischemia,the rabbits in the IPC group underwent four cycles of IPC. The
concentrations of calcium,magnesium,copper,zincum in spinal cord
were measured in the 7th day after operation. Postoperative neurological
function, EMG of rear limb, and spinal cord histopathological changes
were assessed in all annimals.
Results: The concentrations of calcium and copper in spinal cord in
ischemia-reperfusion group were significantly higher than those in
sham-operation group (P<0.05 or 0.01), but magnesium and zincum
significantly lower (P<0.05). Compared with IPC group, calcium and
copper in ischemia-reperfusion group were significantly higher
(P<0.05), but zincum significantly lower (P<0.01). The neurological
function and histopatholohical changes in ischemia-reperfusion group
were much lower than those in sham-operation group and IPC group
(P<0.05 or 0.01). And there was significantly worse change of EMG in
ischemia-reperfusion group than that in IPC group (P<0.05).
Conclusion: Repetitive IPC can protect rabbit spinal cord from
ischemic reperfusion injury quickly, and one possible reason for the
effect is to maintain the balance of calcium, magnesium, copper,
zincum in the ischemic region.
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ROLE OF 12-LIPOXYGENASE IN ISOFLURANE-INDUCED
DELAYED CARDIAC PROTECTION IN MICE 
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Introduction: Treatment with isoflurane exerts a protective effect
against ischemia/reperfusion injury in the myocardium similar to that of
ischemic preconditioning. Isoflurane-induced cardiac protection has
been described to be a biphasic event: with infarct size reduction 15 min
and 24 hours after isoflurane treatment. Delayed cardiac protection
induced by volatile anesthetics has substantial clinical potential;
however, the signaling events that lead to delayed cardiac protection via
isoflurane with respect to potential downstream mediators remain
largely unknown. Therefore, we examined the role of 12-lipoxygenase
(12-LO) as a potential mediator of isoflurane-induced delayed cardiac
protection.
Methods: Under light anesthesia (sodium pentobarbital; 40 mg/kg, ip)
mice were randomly divided into groups and received 1.0 MAC
isoflurane or 100% oxygen (controls) for 30 min, followed by a 24-hour
recovery period. After recovery, mice were anesthetized with
pentobarbital sodium (80 mg/kg, ip), mechanically ventilated, and
subjected to a 30 min left anterior descending coronary artery occlusion
followed by 2 hours of reperfusion. Some isoflurane- and oxygen-
treated mice were also given baicalein (3 mg/kg), a 12-LO inhibitor, 20
min prior to ischemia-reperfusion. After reperfusion the coronary artery
was again occluded and the area at risk (AAR) delineated by negative
staining. The heart was cut into slices. Each slice of left ventricle (LV)
was counterstained with 1% 2,3,5,-triphenyltetrazolium chloride to
determine infarct. Slices were visualized and infarct size (IS) was
determined by planimetry. The AAR was expressed as a percentage of
the LV, and the IS was expressed as a percentage of AAR.
Results: The AAR as a percent of LV were similar among groups.
Isoflurane (1.0 MAC) produced a delayed cardiac protective effect
compared to controls (27.1 ± 6.3% [n = 8] vs 44.6 ± 10.2% [n = 8],
respectively, p<0.05). The delayed cardiac protective effect of

isoflurane was attenuated by baicalein (40.6 ± 10.1% [n = 8], p<0.05).
Discussion: These data demonstrate that delayed cardiac protection
produced by isoflurane is associated with at least a 24-hour memory
period in mice in vivo and that the delayed protective effect of
isoflurane is sensitive to 12-LO inhibition. Thus 12-LO may be a
potential downstream mediator of volatile anesthetic induced delayed
cardiac protection.

S-29. 
SEVOFLURANE ENHANCES ETHANOL-INDUCED CARDIAC
PRECONDITIONING THROUGH MITOCHONDRIAL KATP

CHANNELS AND PROTEIN KINASE C ACTIVATION IN
GUINEA PIG 

AUTHORS: K. Kaneda, M. Miyamae, S. Sugopla, C. Okusa, N.
Donae, J. Kotani; 
AFFILIATION: Osaka Dental University, Osaka, Japan.

Introduction: Volatile anesthetics and ethanol-induced cardiac
preconditioning may share common signaling pathways, including
protein kinase C (PKC) activation. Sevoflurane has been shown to
confer additional cardioprotection on top of ischemic preconditioning
(1). Recent studies have also shown that chronic moderate ethanol
consumption induces long-term protection against cardiac ischemia-
reperfusion injury through PKC activation (2). We investigated whether
sevoflurane enhances low dose ethanol-induced preconditioning, and
the potential role of mitochondrial KATP channels and PKC.
Methods: Isolated perfused guinea pig hearts were subjected to 30 min
global ischemia and 120 min reperfusion (I/R) in all groups. Controls
(CTL) were neither ethanol nor sevoflurane-treated. Ethanol-treated
group (EtOH) received 2.5% ethanol in their drinking water for 6
weeks. Anesthetic preconditioning was elicited by administration of 10
min of sevoflurane (1 MAC; 2%) with 10 min washout before ischemia
in hearts from ethanol-treated (EtOH+SEVO) or non-ethanol-treated

(SEVO) animals. To investigate the involvement of mitochondrial KATP
channels and PKC, 5-hydroxydecanoate (5-HD, 200) and chelerythrine
(CHE, 10) respectively, were administered for 20 min, starting 10 min
before sevoflurane (EtOH+SEVO+5-HD, EtOH+SEVO+CHE) or
vehicle (CTL+5-HD, CTL+CHE) administration. Contractile recovery
was monitored by left ventricular developed (LVDP) and end-diastolic
(LVEDP) pressures. Infarct size (IS) was determined by
triphenyltetrazolium chloride (TTC) stain.
Results: After I/R, SEVO, EtOH, and EtOH+SEVO had higher LVDP
(49±3, 47±3, 50±3 vs 26±2, respectively, p<0.05), and lower LVEDP
(27±2, 27±6, 25±3 vs 60±5, respectively, p<0.05) compared to CTL.
Infarct size was significantly reduced in SEVO and EtOH compared to
CTL (24±2%, 27±2% vs 45±5%, p<0.05). Administration of
sevoflurane to EtOH (EtOH+SEVO) led to further reduction of infarct
size to 17±1%. Blockade of mitochondrial KATP channels by 5-HD and
PKC by CHE abolished this additional cardioprotective effect of
sevoflurane. Coronary flow (CF) was similar among all groups
throughout the experiment.
Discussion: Sevoflurane enhances cardiac preconditioning induced by
chronic moderate ethanol consumption through mitochondrial KATP
channel and PKC activation.
References:
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S-30. 
REGIONAL DIFFERENCE IN ISCHEMIA-INDUCED
MYOCARDIAL NOREPINEPHRINE RELEASE FROM CAT’S
SYMPATHETIC NERVE ENDINGS 

AUTHORS: F. Komaki1, H. Kitagawa2, T. Akiyama3, T. Yamazaki3; 
AFFILIATION: 1Kohka Public Hospital, Koka, Japan, 2Shiga
University of Medical Science, Otsu, Japan, 3National Cardiovascular
Center Research Institute, Suita, Japan.

Introduction: Acute myocardial ischemia causes local norepinephrine
(NE) release in the ischemic region, which aggravates the myocardium.
The presence of high NE levels in the ischemic region may be involved
in the progression of myocardial cell injury and a high incidence of
malignant arrhythmia. The distribution of sympathetic nerve differs in
the left and right ventricle, but whether regional ischemia affects neural
regulation at different regions remains unknown. This study was
designed to elucidate regional difference in the local sympathetic
regulation. We examined the effects of regional myocardial ischemia on
myocardial interstitial NE levels at left ventricular anterior, posterior
and right ventricle. Methods: In anesthetized cats, using cardiac
microdialysis, we measured myocardial interstitial NE levels in three
regions: the left anterior descending coronary artery (LVant, n=8) and the
left circumflex artery (LVpost, n=6) perfusion areas and the right
coronary artery perfusion area (RV, n=6). Acute myocardial ischemia
was evoked by ligating respective coronary arteries for 60 min.
Dialysate NE levels were measured using liquid chromatogram with
electrochemical detection and served as index of myocardial interstitial
NE levels. Further, to examine the distribution of sympathetic nerve
endings in three different regions (n=6-6-6), we administered ouabain
(100µM) via the dialysis probe and measured the amount of NE release
evoked by ouabain. Results and Discussion: Myocardial ischemia
progressively increased the myocardial interstitial NE levels in LVant,
LVpos, and RV regions. As shown in the figure, ischemia-induced
increase in NE was less than one-tenth in RV compared with that in
LVant and LVpost. Locally applied ouabain induced increases in the
myocardial interstitial NE levels. There was no significant difference in
ouabain-induced NE release among three regions. These data suggest

that regional difference in ischemia-induced myocardial NE release was
attributable to degree of the ischemia rather than degree of sympathetic
innervation. Conclusion: Myocardial ischemia induces regional
difference in NE release between LV and RV area. Lower energy
consumption in RV may spare longer time before the local NE release
occurs due to energy depletion. 

S-31. 
DIFFERENTIAL NOREPINEPHRINE RELEASE MECHANISMS
OF SKELETAL MUSCLE AND MYOCARDIAL ISCHEMIA IN
ANESTHETIZED RABBITS AND CATS 

AUTHORS: F. Komaki1, H. Kitagawa2, T. Akiyama3, T. Yamazaki3; 
AFFILIATION: 1Kohka Public Hospital, Koka, Japan, 2Shiga
University of Medical Science, Otsu, Japan, 3National Cardiovascular
Center Research Institute, Suita, Japan.

Introduction: Acute ischemia has been reported to deteriorate
sympathetic outflow distal to the ischemic area. Although such
deterioration has been well documented in the myocardium, relatively
little is known about this phenomenon in skeletal muscle. We
investigated how acute skeletal muscle ischemia affects norepinephrine
(NE) releasing function from skeletal muscle sympathetic nerve
endings and compared the mechanism of skeletal muscle sympathetic
deterioration with that of myocardial ischemia-induced sympathetic
deterioration. Methods: We compared NE release mechanisms between
ischemic skeletal muscle and myocardium. We implanted a
microdialysis probe into the adductor muscle and left ventricle in
anesthetized rabbits and cats. Regional ischemia was introduced by
microsphere injection and ligation of the common iliac artery, or by
occlusion of the main coronary artery. The time courses of dialysate NE
concentrations were examined with local administration of desipramine
(DMI, membrane NE transport inhibitor), ω-conotoxin GVIA (CTX, N-
type Ca2+ channel blocker), and TMB-8 (intracellular Ca2+ antagonist).
Results and Discussion: Skeletal muscle ischemia temporally
decreased the dialysate NE levels during 60min of ischemia. During
this period, baroreflex and high potassium induced dialysate NE
responses were suppressed to compare with those responses before
ischemia. Initial reduction of NE release may be mediated by an
impairment of axonal conduction and/or NE exocytosis. Then, a
progressive increase in dialysate NE level occurred after initial fall of
dialysate NE. At 4hr-skeletal muscle ischemia, dialysate NE levels
(vehicle 141 ± 36 pg/ml, n=6) were suppressed by TMB-8 (25 ± 5 pg/
ml, n=6) but not by DMI (n=6) or CTX (n=6). These results suggest that
Ca2+ release from intracellular Ca2+ store is partly involve in the skeletal

muscle-induced NE release. Myocardial ischemia progressively
increased dialysate NE levels. At 0-15 min myocardial ischemia,
dialysate NE levels (vehicle 711 ± 111 pg/ml, n=6) were suppressed by
CTX (116±23 pg/ml, n=6). At 45-60 min myocardial ischemia,
dialysate NE levels (vehicle 28176 ± 5973 pg/ml) were suppressed by
DMI (4938 ± 1254 pg/ml, n=6), but not by CTX or TMB-8 (n=6).
Therefore, in early phase of myocardial ischemia, NE release was
evoked by Ca2+ dependent exocytosis and subsequently by Ca2+

independent, outward NE transport mechanism via Na+ reduced
gradient between extra and intraneuronal space. Conclusion: Ischemia
induced differential NE release mechanisms in the skeletal muscle and
myocardium. The skeletal muscle ischemia induced biphasic effect in
NE release. Initial reduction of NE release may be mediated by regional
impairment of axonal conduction and/or NE exocytosis. The later
ischemia-induced NE release was partly attributable to exocytosis via
intracellular Ca2+ overload, while the myocardial ischemia-induced NE
release was attributable to exocytosis in the early phase or carrier
mediated outward NE transport in the subsequent phase.
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S-32. 
AGING AND THE INOTROPIC RESPONSE TO DOBUTAMINE
IN SWINE

AUTHORS: P. M. Heerdt1, M. Lombardi2, J. K. Malhotra2, B. J.
Park3; 
AFFILIATION: 1Cornell University/Memorial Sloan-Kettering
Cancer Center, New York, NY, 2Cornell University, New York, NY,
3Memorial Sloan-Kettering Cancer Center, New York, NY.

Introduction: Both experimental and clinical data indicate a decrease
in cardiac β-adrenergic responsiveness with aging (1,2). Potential
therapeutic implications of this observation include an age-related
dampening of the dose-inotropic response for β-agonists used in the
management of low cardiac output states. Clinical experience, however,
is not uniformly consistent with this probability. The present study was
therefore designed to test the hypothesis that aging alone will diminish
the inotropic response to dobutamine.
Methods: Strain-matched female swine without biochemical or
physical evidence of cardiovascular disease were used for the study.
Animals were divided into two groups: sexually mature young adult (~9
months, n=8) and elderly (> 9 years, n=8). All animals were
anesthetized with isoflurane, ventilated with oxygen, and instrumented
for measurement of right ventricular (RV) pressure and volume
(conductance catheter). Data were recorded at baseline and during
infusion of 0.625 and 1.25 µg/kg min dobutamine (DOB). Contractility
was quantified as peak +dP/dt normalized to end-diastolic volume
(EDV) with dose-response data expressed as a ratio of the baseline
value. Data were compared by repeated measures ANOVA with p<0.05
considered significant.
Results: There were no differences in RV peak or ED pressures among
groups at baseline. As shown in figure 1 panel A, the inotropic response
to DOB was greater in elderly animals (figure 1). As shown in figure 1
panels B and C, blockade of autonomic reflexes with hexamethonium
and atropine (block) in 3 young and 3 elderly animals markedly
accentuated the inotropic response to DOB in young animals but did not
alter the response in elderly pigs.
Conclusions: Contrary to the study hypothesis, the inotropic response

to DOB was more pronounced in elderly swine when compared to strain
and gender-matched young adults. However, following blockade of
autonomic reflex pathways, the influence of age on DOB responses was
reversed (young > elderly) due to a marked potentiation of the response
in young animals but no change in that of elderly pigs. These data
underscore the influence of aging on cardiovascular reflex regulation
and highlight the fact that the functional impact of age-related
biochemical changes such as decreased β-receptor affinity in the heart
can be offset by other regulators of cardiac performance.
References
1. Am J Physiol Heart Circ Physiol. 2005;288(5):H2498-503
2. Eur J Pharmacol. 2004;500(1-3):167-76

S-33. 
REMODELING OF THE CARDIAC NA CHANNEL BY
ISOFLURANE-INDUCED PRECONDITIONING IN RATS

AUTHORS: K. Aizawa, A. Tampo, Z. J. Bosnjak, W. Kwok; 
AFFILIATION: Medical College of Wisconsin, Milwaukee, WI.

Introduction: Anesthetics-induced preconditioning (APC) has been
reported to produce antiarrhythmic effects in addition to the well-
established reduction in infarct size following ischemia. Although it is
well documented that the mitochondrial ATP-sensitive potassium
channels contribute significantly to infarct size reduction, the
underlying mechanism of the antiarrhythmic effects by APC is still
unclear. Previous studies have demonstrated that APC prolonged the
cardiac action potential duration. To investigate APC induced changes
at the ion channel level, in the present study, we investigated the effects
of APC on the cardiac sodium current (INa), a major depolarizing
current in the heart responsible for the initiation of the action potential.
Methods: Upon approval from the Institutional Animal Care and Use
Committee, cardiac ventricular myocytes were isolated from adult
Wistar rat hearts. The whole-cell configuration of the patch clamp
technique was used to record INa. To mimic APC, rats were exposed to
1.4% isoflurane (1.0 minimum alveolar concentration) for 30 minutes
followed by a 30-minute recovery period prior to cell isolation (APC
group). For the non-APC group, rats were not exposed to isoflurane.
INa was elicited during 50 ms depolarizing test pulses from a holding
potential of - 90 mV, a voltage close to the resting membrane potential
of cardiac ventricular myocytes. Standard voltage protocols (that
utilized the -90 mV holding potential) were used to monitor the profiles
of steady-state activation and inactivation, and the recovery from
inactivation. Data are reported as means ± SEM. Statistical analysis was
performed using unpaired Student's t-test and p < 0.01 was considered
significant.
Results: In the APC group, both the steady-state activation and
inactivation curves were shifted toward more positive membrane
potentials compared with those in the non-APC group (n=9-11 / group).
For the activation curve, the potentials at which channel conductance
reached half- maximal values were -40.4±1.4 mV and -36.1±1.7 mV in

the non-APC and APC groups, respectively. For the inactivation curve,
the potentials at which half of the available channels were inactivated
were -78.9±1.0 mV and -74.8±1.5 mV in the non-APC and APC
groups, respectively. The rate of recovery from inactivation was not
significantly different between the two groups.
Conclusion: Isoflurane-induced anesthetic preconditioning resulted in
the positive shifts of the cardiac Na channel steady-state activation and
inactivation curves. These changes were observed from a holding
potential close to the physiological resting membrane potential. Our
results demonstrated a novel consequence of APC, whereby persistent
changes in the Na channel were triggered. The full impact of these
changes on cell excitability and on the action potential profile will need
to be determined.
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S-34. 
PROGESTERONE INHIBITS ENDOTHELIAL PROGENITOR
CELL PROLIFERATION IN VITRO AND LEADS TO
IMPAIRED NEOVASCULARIZATION IN MICE 

AUTHORS: J. Larmann1, C. Luedemann2, M. Silver2, M. Gavin2, A.
Iwakura2, D. Losordo2; 
AFFILIATION: 1Department of Anesthesiology and Intensive Care
Medicine, University Hospital Münster, Münster, Germany, 2Caritas St
Elizabeth's Medical Center, Division of Cardiovascular Research, Tufts
University School of Medicine, Boston, MA.

Introduction: Progesterone (PG) in combination with Estrogen (E2) is
used for hormone replacement therapy (HRT). Recent data suggest that
this combination may increase the number of cardiovascular events in
postmenopausal women.1) While E2 is thought to exert beneficial
effects on vascular processes, including enhancing the function of
endothelial progenitor cells (EPC),2) the role of PG in this context is still
ambiguous. Cardiac complications due to ischemic diseases are a major
cause of morbidity and mortality after non-cardiac surgery.3) Therefore,
we investigated the effect of PG on EPC function and
neovascularization.
Methods: Serum starved bone marrow (BM) derived murine EPCs,
seeded in 96-well-plates were treated with different concentrations of
PG for 48h (0, 0.01, 0.1, 1 and 10µM; five wells/group). 3H-thymidine
was added for the last 24h. In one experiment cells were incubated in
the presence of the PG receptor antagonist RU486. Ovariectomized
FVB mice underwent hind limb ischemia surgery at day 7 after PG
(approx. 1.7mg/d) or placebo pellet implantation. Cell culture assays
were performed for EPC-quantification in the BM as well as in the
peripheral blood. At day 35 after initiation of treatment limbs were
harvested and immunohistology for isolectin B4 was performed to
quantify capillary density. Muscle atrophy was assessed by calculating
the weight ratio of ischemic and non-ischemic gastrocnemius muscle.
Results: Scintillation counting revealed a dose-dependent inhibition of
in vitro EPC proliferation with a maximum inhibition by 1µM PG
(939±86 vs. 1398±122counts per min., PG vs CTR, n=15/19, p=0.004).
This effect was abolished by co-incubation with 1µM of the PG

receptor antagonist RU486. Significantly fewer EPCs were found in the
BM of mice receiving PG (day 7: 1.4±0.2 vs. 2.3±0.2; day 14: 2.0±0.1
vs. 3.5±0.3 %EPC/Mononuclear cells, PG vs. CTR, n=3/4, p<0.03).
Moreover, circulating EPCs were reduced (day 21: 1.4x104±2.3 x103 vs.
2.3x104±1.5x103; day 35: 2.2x104±2.0x103 vs. 6.7x104±1.4 x104 EPC/
ml blood, PG vs. CTR, n=4/5, p<0.03). PG treated mice displayed
reduced capillary density (day 35: 1.17±0.07 vs. 1.51±0.07 capillaries/
myocyte, PG vs. CTR, n=5, p<0.02). At day 14 muscle atrophy
(ischemic/control) was more pronounced in the PG-group (0.55±0.05
vs. 0.69±0.06, PG vs. CTR, n=5, p<0.03).
Discussion: PG reduces EPC proliferation in vitro and impairs EPC
mobilization in vivo leading to impaired neovascularization and more
severe muscle atrophy. These results indicate an unfavorable role of PG
in the setting of ischemic diseases and offer a novel explanation for
negative effects seen under certain forms of HRT.
References: 1) JAMA 2001;288: 312-333. 2) Circulation 2003;108:
3115-3121. 3) Br J Anaesth 2004;93: 9-20.

S-35. 
ALPHA-ADRENORECEPTOR ACTIVATION INCREASES
MYOFILAMENT CA2+ SENSITIVITY AND CAUSES
TRANSLOCATION OF PKC ALPHA IN CANINE
PULMONARY ARTERY SMOOTH MUSCLE CELLS 

AUTHORS: P. A. Murray, X. Ding; 
AFFILIATION: The Cleveland Clinic Foundation, Cleveland, OH.

Introduction: We investigated the effect the of the α-adrenoreceptor
agonist, phenylephrine (PE), on myofilament Ca2+ sensitivity in intact
and permeabilized pulmonary arterial smooth muscle (PASM).
Moreover, we assessed the effect of PE on the cellular distribution of
specific PKC isoforms (alpha and delta) in pulmonary arterial smooth
muscle cells.
Methods: All procedures were approved by the Institutional Animal
Care and Use Committee. Endothelium denuded canine PASM strips
were dissected. Tension and intracellular Ca2+ concentration ([Ca2+]i)
were measured simultaneously in fura-2 loaded PASM strips. The strips
were perfused in a Ca2+-free buffer containing 40 mM KCl with or
without PE (10-6M). Extracellular Ca2+ was then increased from 0.125
to 2.5 mM to obtain the [Ca2+]i-tension relationship. In separate
experiments, PASM strips were permeabilized with α-toxin, then
tension and [Ca2+]i were measured simultaneously during superfusion of
the strips with a solution containing 10 µM free Ca2+ (pCa 5.0). The
increase in tension in response to the pCa 5.0 solution was used to
normalize all subsequent changes in tension in the same strip.
Following washout, the strips were treated with a pCa 6.5 solution, and
the effects of PE (10-4 M) on tension were assessed while maintaining
[Ca2+]i at a known constant value. The immunofluoresence technique
and confocal microscopy were used to localize the cellular distribution
of PKC isoforms (alpha and delta) in PASM cells before and after the
addition of PE (10-6 M) or the PKC activator, phorbol 12-myristate 13 -
acetate (PMA 10-6 M). Statistical analysis utilized Student’s t-test for
paired comparisons. Values are means ± SD.
Results: PE caused a leftward shift in the [Ca2+]i-tension relationship in
intact PASM strips and caused an increase in tension (78±9%) at
constant [Ca2+]i in permeabilized strips; i.e. PE increased myofilament

Ca2+ sensitivity. Immunofluoresence staining for PKC isoforms showed
that in untreated cells, both PKC alpha and PKC delta were detected in
the cytoplasm and nucleus. Activation with PMA and PE induced
translocation of PKC alpha from the cytoplasm and nucleus to the
membrane. PMA caused translocation of PKC delta to the area of the
myoflilaments, whereas PE did not cause translocation of PKC delta.
Discussion: Our results suggest that the increase in myofilament Ca2+

sensitivity in response to alpha-adrenoreceptor activation in pulmonary
arterial smooth muscle may involve the translocation of PKC alpha.
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