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Abstracts 

Epidural anaesthesia for Caesarean section in patients 
with recurrent genital herpes simplex infections 
E.T. Crosby, S. Halpem 
University of  Toronto 

Patients with recurrent herpes simplex virus-2 (HSV-2) often 
are delivered by Caesarean section to minimize exposure of the 
neonate to the virus. A significant number of anaesthetists do not 
use regional anaesthesia in these patients for fear of introducing 
virus into the central nervous system. ~ We would like to report 
our experience with lumbar epidural anaesthesia in patients with 
recurrent HSV-2 infections. 

Methods 
Following institutional approval, the charts of all patients 
presenting for Caesarean section, with the diagnosis of active 
HSV-2 infection, between January 1983 and December 1987 
were studied. The sites of existing lesions and documentation of 
outbreaks or positive cultures within one week of delivery were 
recurded. The mode of anaesthesia was recorded and for those 
patients who received general anaesthesia (GA), the anaesthetic 
record was further reviewed for specific reason for the use of 
GA. In hospital, maternal postoperative course was reviewed for 
(1) the development of or exacerbation of herpetic outbreaks, 
(2) development of neurological complications, and (3) com- 
plications related to the anaesthetic. 

Results 
Sixty-seven charts were reviewed. Eleven cha~s were removed 
from further analysis because of the absence of active infection 
at the time of surgery or positive cultures within one week of 
surgery. There were 56 patients with active infections, 45 (80 
per cent) of whom had lesions identified (Table). Of the 11 
patients who did not have lesions identified at the time of 
delivery, eight had had positive cultures within the week, one 
patient was positive for virus within 24 hours (electron micro- 
scopy) and two patients had suffered an outbreak of herpetic 
lesions within the week leading up to delivery. 

Fifty-three patients received epidural anaesthesia for Caesar- 
ean delivery. Three patients received GA, two patients at their 
own request. One patient had herpetic lesions over the proposed 
site of epidural insertion and the epidnral was deemed to be 
contraindicated by the attending anaesthetist. 

TABLE Site of herpetic lesions 

Site Patients 

Genital 39 
Buttocks l 

Back l 
Unspecified 4 

The average postoperative stay was 6.4 days (range 3-12 
days). Two patients developed postoperative wound infections. 
One patient who had been culture-positive prior to surgery 
developed an outbreak of herpetic lesions in the early postopera- 
tive period. No patient developed an anaesthetic or neurologic 
complication. 

Discussion 
In the last two decades there has been a dramatic increase in the 
incidence and prevalence of HSV-2 infections in the North 
American population, much of it occurring in the reproductive 
age population. In parturiears with a history of recurrent HSV-2 
infection, the risk of an infection on the day of delivery is 1.4 per 
cent.2 Our study documents a similar increase of infection in our 
patient population with an approximate doubling of prevalence 
over the study years. Ravindran reported on 30 patients with 
HSV-2 infections who received epidural anaesthesia without 
sequelae.3 Ramanathan reported on 32 patients with recurrent 
HSV-2 infections, with lesions, who received epidural anaesthe- 
sia for Caesarean section, again without sequelae. 4 We report 
the results of a five year retrospective analysis, documenting the 
use of epidural anaesthesia in 53 parturients with active HSV-2 
infections without anaesthetic or ueurologic complications. Our 
patients express a preference for regional anaesthesia for 
Caesarean sections. Because of the localized, low-grade infec- 
tive nature of recurrent attacks and the absence of documented 
complications following the use of epidural anaesthesia in these 
patients, we feel that the use of cpidural anaesthesia is safe, 
provided that the actual site is uninvolved. 
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Prolonged suppression of gastric acid secretion in the 
obstetric patient 
K.M. Bill, R.J'. Flynnn, J. Moore 
Queen's University of  Belfast 

As Mendelson suggested, various treatments have been em- 
phiycd to reduce the risk of aspiration of gastric contents in 
obstetrical patients.~ Omeprazole is a substituted benzimidaz- 
ole, which selectively blocks the proton pump of the parietal 
cell, the terminal step in the production of acid. Studies have 
shown that omeprazole reduces both the acidity and volume of 
gastric secretions for some 12 to 24 hours with few side effects.2 
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This study was carried out to assess the efficacy and duration of 
omeprazole in obstetric patients. Approval from the local 
University Medical Ethical Research Committee and informed 
written consent from patients were obtained. 

with pH < 2.5 having a concentration lower than the sensitivity 
of the assay (20 mmol. L- t). Sixteen of the umbilical venous and 
medal  samples had omeprazole levels below the measurement 
limit. No untoward effects were noted in the infants. 

Methods 
Healthy women, with an uncomplicated pregnancy of more than 
38 weeks' gestation, undergoing elective Caesarean section 
under general anaesthesia, were selected. Each patient was 
given 80 mg omeprazole at 20.00 hours. The following 
morning, immediately after the astablishment of tracheal anaes- 
thesia, the gastric contents were aspirated and again before 
reversal of neuromuscular block and extubation, with a new 
Salem Sump tube on each occasion. The volumes and pH of the 
gastric samples were recorded. 

Maternal pulse and blood pressure were monitored at five- 
minute intervals. The need for incremental doses of oxy~,cin 
and VAS assessment of uterine contractility after delivery by the 
surgeons were noted. Infant well-being was determined by 
Apgax scores and seven-day follow up. 

Plasma omeprazole concentrations were measured by HPLC 
in maternal venous and umbilical arterial and venous blood 
samples, collected at delivery. 

Results 
Twenty patients were included in the study. The mean time from 
omeprazole administration to induction of anaesthesia was 853 
minutes (range 765-977). No side effects of omeprazole 
treatment were reported. 

Sixteen of 20 (g0 per cent) post-induction and 17 of 20 (85 per 
cent) pre-extubation samples had pH values > 2 .5 :16 of the 
post-induction volumes (80 per cent) and 19 of the pre- 
extubation volumes (95 per cent) were below 25 ml. The 
combination o fpH < 2.5 and volume > 25 ml was found only 
once in a post-induction aspirate (Figure). There was no 
apparent relationship between the time from omeprazole admin- 
istration to induction and intragastric pH or volume. 

Omeprazole levels in all samples were low, with means of 
44.2 --. 71.2, 23 --- 34.4 and 12.3 --- 26.8 nmol 'L  -~ in maternal, 
umbilical arterial and venous blood respectively. There was no 
correlation between maternal plasma levels and the pH of gastric 
aspirates: six of the 16 patients with pH --> 2.5 and all patients 
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~c  aspirates. 

Discussion 
The aim of antacid treatment is to produce gastric pH > 2.5 total 
volume < 25 ml. Omeprazole given at least 12 hours prior to 
induction produced these conditions in 80 per cent of patients. 
While a failure rate of 20 per cent is unacceptable for obstetric 
anaesthesia, the findings give hope of a single antacid therapy 
for labours up to 12 hours duration. The short plasma half-life 
and rapid elimination is reflected in the maternal and fetal levels. 
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Transplacental oxygenation during emergency 
Caesarean section - influence of maternal inspired 
oxygen concentration 
C, Navaneelan, A, Cunningham 
N a t i o n a l  M a t e r n i t y  Hospi ta l ,  Dubl in ,  I r e land  

The relationship between maternal and fetal oxygen tension 
during general 1.2 and epidural 3 anaesthesia remains controver- 
sial. Current understanding suggests that these older studies may 
be seriously flawed because of failure to relieve aorto-caval 
compression ] and because the possible deleterious fetal effects 
of prolonged I-D and U-D intervals were not considered. 2 
Failure to standardize anaesthetic techniques and to exclude 
maternal hypocaptha have also contributed to difficulties of 
interpretation. The objective of this study was to compare the 
effects of a maternal FrO2 of 0.5 and 1.0, supplemented by 
isofluranc, on fetal oxygenation and maternal haemodynamics 
in patients undergoing emergency Caesarean section with 
general anaesthesia. 

Methods 
Following Ethics Committee approval and informed consent 28 
patients (ASA Physical Stares I) undergoing general anaesthesia 
for emergency Caesarean section were randomly allocated to 
one of two treatment groups. 
Group 1: 50 per cent oxygen - 50 par cent nitrous oxide + 0.75 

per cent isoflurane 
Group 2:100 per cent oxygen + 1.5 per cent isoflurane. 
Patients included in the study were confined to those of 36-42 
weeks gestation and those undergoing Caesarean section for 
failure to progess in labour. Patients with diabetes, pre- 
eclampsia, multiple pregnancy and labours complicated by 
clinical or biochemical evidence of fetal distress were excluded. 
A standard anaesthetic technique of antacid prophylaxis uterine 
displacement, preoxygenation, thiopentone 3-4  m g . k g - ]  ad- 
ministration followed by suceinylcholine 1.5 mg-kg  - t  was 
employed. Normocapnic controlled ventilation was commenced 
using fresh gas flows of 1(30 ml .kg - t  . Baseline pre-induction 
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TABLE Data mean • SEM 

Group I Group 2 
F1020.5+0.75% F1021.0+1.5% 
isoflurane isoflurane 
14 14 

I-D interval (see) 627 • 43 634 -+ 44 
U-D interval (see) 87 Z 11 87 -+ 12 
Maternal Pat2 (kPa) 26.43 -~ t.84 42.13 --+ 4.49 
Puv02 (kPa) 3.97 -+ 0.21 4.6 -+ 0.43 
Pua02 (kPa) 2.25 + 0.26 2.67 -+ 0.14 

Apgar scores 
1 minute 
<7 5 4 
~7 9 10 

5 minutes 
<7 1 0 
~7 13 14 

arterial pressure and heart rate were recorded using an automated 
non-invasive monitoring device and was repeated 1,3, 5, 7 and 
9 minutes following anaesthetic induction. Maternal arterial 
blood samples were taken from a radial artery cannula at the time 
of uterine incision. Heparinized blood samples were obtained 
from the umbilical artery and vein of a loop of clamped cord at 
delivery before the infants' first breath. Apgar scores at one and 
five minutes after birth were recorded by a neonatologist. 
Twenty-four hours after surgery the patients were questioned 
about awareness and dreaming. Ordinal data was analysed using 
the Chi-squared or Fisher exact test. Interval data was analysed 
using Mann-Whitney U-tests and Kendall correlation coefficient 
for correlation between the variables. P < 0.05 was considered 
significant. 

Results 
The patients in the two groups were similar with respect to age, 
weight, parity and indications for Caesarean section. I-D and 
U-D intervals, blood loss and haemodynamic changes were 
similar in the two groups. Maternal PaOz 42.13 - 4.49 kPa in 
Group 2 (FIt2 1.0 + 1.5 per cent isoflurane) was significantly 
greater than maternal Pat2  26.41 -+ 1.84 kPa in Group 1 (FIt2 
0.5 + 0.75 per cent isoflurane) while PuvO2 4.60 --. 0.43, 3.97 
• 0.2, and PuaO2 2.67 --+ 0.14, 2.25 - 0.26 were measured in 
groups two and one respectively. A positve correlation was 
noted between increased maternal oxygen tensions and PuaO2. 
The two groups were similar with respect to number of neonates 
with Apgar scores ~ and <7  at one and five minutes. Awareness 
was not reported (Table). 

Discussion 
Fetal oxygenation has been variously reported to correlate with 
maternal Pat2  in response to increasing FtOz, 3 to remain 
unchanged when F]O2 increased from 0.5 to 1.02 or to decrease 
when maternal Pa t2  exceeded 40 kPa.a Transplaeental oxy- 
genation is critically dependent on partial pressure gradients. 
However, maternal hyperoxia may provoke vasoconstriction in 
the feto-placental circulation and may limit fetal benefit. 

Although increased maternal Pa02 using an Fi t2  1.0 was not 
associated with significant improvements in fetal oxygenation, 
acid-base balance or neonatal outcome in this study, further 
investigation of the technique in a larger series of parturients 
with fetal distress may be justified. 
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A comparative study of patient controlled epidural 
fentanyl and single dose epidural morphine for 
post.Caesarean section analgesia 
P.Y,H. Yu, D.R. Gamling, G.H. McMorland 
University of  British Columbia 

Epidural opiates have been used successfully to provide postop- 
erative analgesia. Epidural morphine given as a single bolus has 
a prolonged duration of action but is associated with a significant 
incidence of nausea and pruritus and may cause delayed 
respiratory depression. J Fentanyl, because of higher lipophilie- 
ity, may offer advantages when used in the epidural space 
because it has been shown not to cause delayed respiratory 
depression. 2 Fentanyl's shorter duration of action requires 
repeated dosing to achieve clinically useful postoperative 
analgesia. 3 The purpose of this study is to compare, in a 
prospective, randomized, double-blinded fashion, the efficacy 
and safety of patient controlled administration of epidural 
fentanyl compared with single-dose epidural morphine for 
post-Caesarean section analgesia. 

Methods 
Following approval from the Screening Committee for Research 
Involving Human Subjects and informed consent, ASA physical 
status I or H patients undergoing elective Caesarean section were 
selected. Epidural catheterization was performed in a standard 
manner and the patients received epidural anaesthesia using 1.73 
per cent carbonated lidocaine with 1:400,000 epinephrine. 
Intranperative supplemental analgesia was provided with IV 
fentanyl or additional epidural lidocaine. The patients were then 
randomly assigned into one of two groups. Patients in group A 
received 100 I~g epidural fentanyl, diluted to 6 ml total volume, 
20 minutes after delivery of the infant. Postoperatively, the 
epidural catheter was left in place for 24 hours and on arrival in 
the PAR, the patients were provided with a Deltec TM (Pharmacia 
(Canada)) ambulatory epidural patient controlled analgesia 
(PCA) system. When additional analgesia was needed, the 
patients were instructed to self-administer 50 Ixg epidural 
fantanyl (100 txg.ml-t), wait five minutes, and then se l l  
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administer a second dose of 50 Izg of fentanyl. The PCA 
system was programmed to provide a maximum of two doses per 
hour with a lockout period of five minutes between doses. Group 
B patients received 3 mg epidural morphine, diluted to a total 
volume of 6 ml, 20 minutes after delivery of the infant. These 
patients also had the epidural catheter left in situ and were given 
the same instructions as group A patients. The PCA system was 
filled with saline but otherwise programmed in the same manner 
as for group A patients. While the patients were in the PAR 
supplemental analgesia was provided with 12.5 to 25 Ixg IV 
fentanyl if required. Once discharged to the postpartum unit, 
supplemental analgesia consisting of Tylenol #3  one to two 
tablets every four hours, or IM meperidine 50-100 mg every 
3-4  hours was provided. Nausea was treated with IM meta- 
clopramide 10 mg and significant pruritus was treated with IM 
naloxone 0.2 rag. HR and RR were recorded hourly for the first 
12 hours and 15 minutes after each PCA demand. The patients 
were assessed at 2, 4, 8 and 24 hours measuring the degree of 
pain, satisfaction with pain relief, nausea and pruritus using a 10 
cm linear visual analogue scale. Ventilatory response to the 
inhalation of five per cent CO2 was recorded prior to epidural 
insertion and four and eight hours postoperatively. Data were 
analyzed using the Mann Whitney U test and Student's t test and 
~epeated measures analysis of variance. 

Results 
To date, data collection and analysis has been completed in 19 
patients, nine in group A and ten in group B. Comparison of the 
two groups revealed no difference with regard to age, weight, 
height, gravidity, parity, dose oflidocaine or the duration of the 
operative procedure. The degree of postoperative pain and 
satisfaction with pain relief were similar in both groups. The 
mean (-+) 24 hour total dose of fantanyl required in the group A 
patients was 780 + - 190 iJ, g (bourly dose of 3 3 -  8 ixg). There was 
no difference in the amount of supplemental analgesia required 
by the two groups. The degree of nausea and pruritus experi- 
enced in the two groups are depicted in Figures 1 and 2 
respectively, Group A patients had significantly less nausea only 
at the eight-hour assessment and experienced significantly less 
pruritus at the 4, 8, and 24 hour assessments. The ventilatory 
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FIGURE 2 Postoperative pruritus (mean). 

response to the inhalation of five per cent CO2 was not 
significantly different between the two groups, and there was no 
significant respiratory depression in either group. 

Discussion 
Patient eontxolled administration of epldural fantanyl can 
provide comparable analgesia when compared with single dose 
3 mg epidural morphine. Patients receiving cpidural fantanyl 
experienced less pruritus and nausea when compared with those 
receiving morphine. This may be due to the differences in the 
physical properties of the two agents. The use of small 
incremental doses litrated by the patient may also minimize its 
restful spread and so reduce systemic side effects. 
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FIGURE I Postoperative nausea (mean). 

Use of atracurium or d-tuboeurarine in Caesarian 
section: is there a difference for the neonate? 
C. Perreauh, I. Guay, P. Gaudreault, C. Hollman, R. Meloche 
University o f  Montreal 

On the basis of pharmacoldnetie properties, atracurium would 
appear to be a good muscle relaxant for Caesarian sections. With 
its high molecular weight ( 1243 gO, high degree of ionization (at 
physiological pH), high protein binding (82 per cent) and low 
lipid solubility, it is likely that placental transfer would be 
minimal.t Furthermore, even if placental transfer occurred, its 
rapid metabolism would ensure fast elimination from the 
neonatsl circulation. This study was undertaken to compare the 
neonatal effects and placental transfer of atracudum and 
d.tubocuradne. 
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Methods 
The protocol for this double-blinded study was institutionally 
approved, and written consent was obtained from each patient. 
We studied 46 patients undergoing elective repeat Caesarian 
section who were randomly assigned to either atracurium (25 
patients) or d-tubocurarine (21 patients). No premedication was 
given. Following preoxygeoation and a precurarisation dose of 
either atracorium or d-tubocurarinc (0.05 mg.  kg - ~), anaesthe- 
sia was induced with thiopentone 4 rag '  kg -~ and suceinylcho- 
line 1.5 m g . k g  -~, and maintained with nitrous oxide 50 per 
cent, halothane 0.5 per cent and either atracurium or d- 
tubocurarine 0.3 rag" kg - t. The time intervals between different 
events (precurarisation, induction, skin incision, curarisation, 
hysterotomy and birth) were noted. The neonates were evaluated 
using the Apgar test at one, five and ten minutes and the 
"neurological and adaptive capacity scoring" (NACS) test at 15 
minutes, 2 and 24 hours after birth. Muscle relaxant blood levels 
were taken at birth from maternal blood and umbilical venous 
blood. Statistical analysis was done with ANOVA and the F test 
or with the Mann-Whitney test. 

in experimental animals in concentrations much higher than the 
ones obtained in our study (6 i~g-ml-t  for haemodynamic 
instability and 17 wg" ml- t  for convulsions). 4 In conclusion, 
although atracurium shows less placental transfer than d- 
tubocurarine, it appears to be associated with a minimal degree 
of partial curarisation in the neonate after Caesarian section. 
This did not affect clinically normal neonates, but one should be 
cautious with neonates who had previous fetal distress. 
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Results 
There was no statistically significant difference between the two 
maternal groups for age, parity and time intervals in the 
Caesarian section events. Neonatal groups were also statistically 
similar for birth weight, sex, Apgar at one, five and ten minutes 
and NACS at 2 and 24 hours. However, there was a significant 
difference with the NACS test at 15 minutes (P < 0.02). Further 
analysis revealed that this difference came from the "active 
tone" part of the test (P < 0.05). The mean atracudum blood 
level at birth was 0.50 ~g .  ml - t  (0.285-0.724) for the mother 
and 0.041 Ixg' ml - ~ (0.022-0.057) in the umbilical cord venous 
blood. The mean laudanosine blood level at birth was 0.286 
iLg .ml -I  (0.134-0.514) for the mother and 0.0359 ~g-ml  -~ 
(0.012-0.552) in the umbilical cord venous blood. 

Discussion 
Our study shows that neonates born after the use of atracurium 
for the Caesarian section scored significantly less on the NACS 
test at 15 minutes than neonates in the d-tubocurarine group. 
Only 55 per cent of neonates in the atracurium group compared 
with 83 per cent of those in the d-tubocurarine group had a score 
of ---35 (considered normal by Amiel-Tison2). The NACS test 
has five parts to it and the "'active tone" part was found to be the 
one statistically different between the two groups. That would 
strongly suggest a certain degree of partial curarisation in the 
atracurium group, lasting for a short while after birth. However, 
this partial curarisation did not appear to be clinically significant 
as their Apgar scores were similar to the d-tubocurarine group 
and none experienced respiratory distress. Umbilical venous 
concentrations of atracurium were around eight per cent the 
maternal concentrations which is similar to what Flyon et al. 
obtained (seven per cent). I A study in 1976 using d-tubocurarine 
showed that umbilical venous concentrations of d tuboeararine 
were 12 per cent the maternal concentrations.3 Laudanosine, a 
metabolite of atracurium, could theoretically cause haemedyn- 
amic instability and convulsions. This has been shown to occur 

Midline vs. paramedian approach to the epidural space 
in pregnant women 
T. Hackman, G.H. McMorland, S.B. Shops 
University of  British Columbia 

Epidural puncture and placement of an epidural catheter can be 
achieved via two routes: the midline or the paramedian ap- 
proach. Proponents of the paramedian route claim a reduced 
chance of inadvertent dural puncture and greater ease of catheter 
placement. This suggestion may be supported by recent anatom- 
ical studies confirming the existence of a midline dural fold. i.z 
During pregnancy, however, the likelihood of trauma to 
engorged epidural vessels may be greater if the epidural needle 
and catheter enter the epidural space laterally. We could find no 
previous studies in parturient women and therefore have 
compared the efficacy of these approaches to provide epidural 
analgesia for obstetrical delivery. 

Methods 
Following institutional approval with informed consent, 81 
consecutive parmrients were prospectively randomized to re- 
ceive epidural anaesthesia via either the midlioe or the paramed- 
inn approach. All the blocks were performed by the same 
anaesthetist. The incidence of complications and untoward 
side-effects in each group was compared using t test, chi-square 
test and Fisher's exact test where appropriate. 

Results 
Both groups were comparable with regard to patient height, 
weight, indication for epidural anaesthesia, interspace of epidur- 
al puncture and number of attempts. No patient was excluded. 
Complications resulting from the attempted Mocks were rare 
events in both groups (see Table). However, the rate of 
complications of the midline group was over twice that of the 
paramedian group (36.8/100 pts. vs 16.3/100 pts.). The propor- 
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TABLE 

Midl ine  Paramedian 

Number of patients 37 44 

Complications 
Dural tap 0 0 
Blood in needle 0 0 
Blood in catheter 2 l 
Failure to advance 
Catheter 6 2 
Paraesthesia 4 0 
Inadequate block - -  1 
Failed block I 1 
Unsuccessful attempts 2 2 

tion of women having at least one complication was not 
significantly different (29 per cent midline vs 16 per cent 
paramedian, P = 0.27), If  we restrict the analysis to what we 
defined a priori as significant complication, paraesthesia and 
failed block, then the difference between the two approaches 
conventional statistical significance (13 vs 2 per cent, P = 
0.075, Fisher's exact test). 

Discussion 
Because serious complications of epidurai anaesthesia such as 
inadvertent dural puncture, total spinal and systemic administra- 
tion of local anaesthetic occur infrequently it is unlikely that a 
trial of sufficient power to detect or rule out clinically important 
risk reductions by either technique can be conducted. However, 
the results of our study indicate that the paramedian approach to 
the epidural space may be superior in yielding less unwanted 
side effects. Further studies should be conducted to evaluate the 
possible advantages of the paramedian approach to epidural 
cannulation. 
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The origin of the differences between invasive and 
noninvaslve blood pressure measurements 
W.B, Murray, P.A. Hniman 
Natal University 

The relationship between invasive and non-invasive blood 
pressure (N1BP) measurementS has been studied extensively. 
The invasive measurement has been considered as the gold 
standard. Any difference between the two techniques is then 
considered to be an error of the non-invasive technique. How- 
ever, the origin of the difference may lie in the arterial moni- 
toring system rather than in inherent differences between the 
two measurement techniques. A study was done in 21 patients 

FIGURE Arterial pressure waveforms: Type A shows a prominent 
early pressure pulse and Type B shows a pressure pulse lower than 
peak systolic pressure. 

comparing invasive and NIBP (Dinamap 1846) measurements in 
patients with prominent inotropic waves (Type A) and patients 
without such prominence (Type B). (See Figure). There were 
statistically significantly more patients with Type A patterns 
where the systolic difference exceeded 11 mmHg than in 
patients with Type B contours (see Table I). The largest 
differences between the invasive and non-invasive techniques 
were 35 mgHg for Type A and 26 mmHg for Type B. To 
elucidate the differences between invasive and NIBP measure- 
ments, two further series of experiments were done: firstly, the 
damped natural frequency of the arterial catheter manometer 
system was measured and secondly the frequency content of the 
peak systolic pressure was measured by Fourier analysis of the 
arterial pulse wave signal. The damped natur~ frequency of the 
catheter manometer system was measured by sine wave oscilla- 
tion in a specially produced chamber with a DNF exceeding 100 
Hz. The point of maximum oscillation (DNF) was determined 
by computerized graphicai fitting of the sine wave envelope and 
the DF by the magnitude of the oscillation. The results are shown 
in Table II. The main cause of the low DNF was shown by the 

TABLE 1 The number of patients where the difference between 
invasive systolic BP and systolic NIBP exceeded l I mmHg 

Difference Type A Type g 

Greater than l I mmHg 10 I 
Less than 11 mmHg 3 7 

P 0.5 Fisher exact probability. 

TABLE I] The damped natural frequency (DNF) and damping factor 
(DF) of arterial catheter-manometer systems including the arterial 
cannula 

Caanula size Tubing length (ram) DNF (Hz) DF 

20g 1,2130 14.2 0.24 
20 g 900 15.6 0.20 
20 g 300 24.9 0,19 
24 g 300 20.0 0.30 
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high DNF of the 24 g meda l  cannula with a short connecting 
tubing of 30 cm. The last part of the investigation was to record 
arterial pressure wave forms OR a FlVl tape recorder for Fourier 
and power density spectra analysis at a later stage. The analysis 
showed the peak iuotropic pressure pulse component as recorded 
by the catheter manometer system to have a frequency content 
exceeding 30 Hz. Digital filtering at 30 Hz markedly attenuated 
the prominent pressure peak but did not remove the peak 
entirely. The catheter manometer system has a DNF well below 
30 Hz and will therefore not transmit these high frequency 
components from the vascular system to the recording system. 
The main origin of the inotropic pressure pulse is conluded to be 
reflections within the catheter-manometer system. The inotropic 
pressure pulse is still useful as it indicates a steep rise in the 
arterial pressure waveform (i.e., a high inotropism or dp/dt). 

FIGURE The three designs of right-sided double-lumen endo- 
bronchial tube studied. 

Conclusion 
The origin of differences between invasive and non-invasive BP 
measurements in Type A pressure contours can be partially bat 
not totally explained by an underdamped catheter-manometer 
system with a low DNF. The origin of differences in Type B 
pressure wave contourS is still unclear. 

A clinical comparison of  three different designs of 
right-sided double. lumen endobronehial tubes 
P. Slinger, W. Triolet 
McGill University 

For certain thoracic surgical procedures one-lung ventilation 
(OLV) is best achieved with a right-sided double-lumen bron- 
chial tube (right-DLT). The margin of safety in positioning these 
tubes is small since they can obstruct the right upper lobe 
bronchial orifice ~ and it can be difficult to achieve satisfactory 
one-lung isolation due to the unusual shapes of the bronchial 
(distal) cuffs. The purpose of this study was to compare the 
adequacy of OLV using the three different designs of disposable 
right-DLT which are currently available. 

Method 
Thirty patients having elective pulmonary resections via left 
thoracotomy were studied. The patients were randomly assigned 
to be intubated with either a Mallinekrodt or Rusch or Sheridan 
disposable right-DLT (see Figure). After induction of general 
anaesthesia in the supine position the patients were intubated 
with an appropriate size right-DLT. The right-DLT was posi- 
tioned initially with fibreoptic endoscopy and the side ventila- 
tion slot of the bronchial lumen aligned with the orifice of the 
right upper lobe bronchus. 

The lungs were ventilated with a tidal volume of 10 ml. kg-  
during both two- and one-lung ventilation. Following intuba- 
tion, patients were placed in the right lateral decubitus position. 
After the left heml-thurax was opened, a repeat endoscopy was 
performed and the bronchial tube was repositioned as needed. 
The bronchial cuff was then inflated with air until either 

satisfactory one-lung isolation was achieved or until the 
manometer-measured cuff pressure reached 44 cm HzO. The 
adequacy of one-lung isolation was monitored by observing for 
the cessation of gas flow, measured by a Wrigbt's spirometer, 
from the proximal tracheal lumen of the right-DLT during 
ventilation via the bronchial lumen. OLV was defined as 
inadequate if the ventilation-slot of the bronchial lumen could 
not be positioned adequately either on the first or second 
endoscopy or if it was impossible to achieve isolation of the 
ventilated (right) lung from the non-ventilated (left) lung with 
less then 44 em He O pressure in the bronchial cuff. The ade- 
quacy of OLV with each design dght-DLT was compared using 
a Chi-square test. 

Results 
The differences in the designs of the three right-DLT's are 
shown in the Figure. 

The Sheridan design uses two bronchial cuffs in series. 
Overall, 47 per cent (14/30) right-DLT's provided adequate 
OLV. In four patients (two Rusch, two Sheridan) initial 
visualization of the right upper lobe bronchus was impossible 
and the tube was replaced with a left-sided double-lumen tube. 
In another four patients (two Mallinckrodt, two Rusch) OLV 
was inadequate by definition of this study. However, OLV was 
possible in these four patients with either bronchial cuff 
pressures between 44-50 cm H20 or incomplete obstruction of 
the right upper lobe. The results for all 30 patients are shown in 
the Table. There was a significant difference in the proportion of 
adequate OLV between the three designs of tube (Chi-square = 
7.5 with 2 D.F., P = 0.02). The Sheridan provided adequate 
OLV in a significantly higher proportion of patients than the 
other two designs (Chi-square = 4.8 with 1 D.F., P = 0.03). 

TABLE Adequacy of one-lung ventilation by 3 different designs of 
right double-lumen tube 

Design Adequate Inadequate Total 

Mallinckrodt 4 6 10 
Rusch 2 8 10 
Sheridan 8 2 10 
Total 14 16 30 
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Discussion 
The Sheridan design of right-sided double-lumen bronchial tube 
permitted adequate OLV in a significantly larger proportion of 
cases than the other two designs. The upper limit of acceptable 
pressure in the bronchial cuffwas set at 44 cm H20 (32 mmHg) 
since pressures above this may decrease mucosal capillary 
perfusion. 2 The Sheridan tube is longer from the bronchial- 
lumen ventilation slot to the distal bronchial-lumen tip. This 
length may exceed the length of the right bronchus intermedius 
in some patients and interfere with initial positioning. In spite of 
improved designs and endoscopic positioning, there is still a 
high incidence of inadequate OLV when right-sided double- 
lumen tubes are used. 
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TABLE ST deviation values 

ST deviations (~V) 

No It V4 V5 EsVI EsV2 

1 87 122 112 -137 -88 
2 -49 390 144 19 29 
3 43 24 4 -100 -140 
4 126 -132 -157 -88 -50 

obtain an equiphasic P wave in one of the ocsophageal leads. 
This lead was at the level of the atrio-ventricular junction and 
was thought to reflect the intra-cardiac electrocardiogram. The 
oesophageal lead wires were connected to Hewhitt-Packard 
#14392A alectrocautery protection filter whose output was 
connected to leads VI and V 2 on the Marquette MAC- 12 | digital 
electrocardiograph which also acquired the SECG. Those 
patients were identified who on placement of the oesophageal 
stethoscope had greater than 100 p,V ST deviation in at least one 
SECG or EsECG lead. 

Simplified ST segment analysis of intraoperative 
oesophageal electrocardiograms 
U. Jain, T.L.K, Ran, M. Dasari, R. Pifarre, H. Sullivan, 
D. Calandra 
Loyola University Medical Centre, Maywood, Illinois 

Results 
On the placement of the oesophageal stethoscope, four patients 
had greater than 100 v,V ST segment deviation in at least one of 
the leads 11, V4, Vs, EsV~ and EsV2. The ST deviations in these 
leads are listed in the Table. In spite of the noise reduction 
techniques employed by the digital electrocardiograph, there 
was substantially greater amount of noise in EsECG. 

The oesophageal electrocardiogram (EsECG) may reflect myo- 
cardial isehaemia that may not be evident on the body surface 
electrocardiogram ~': (SECG). One of the reasons why EsECG 
has not gained wide intranperative usage is that the shapes and 
the relative sizes of the P, Q, R, S and T waves in the EsECG can 
be quite different from the shapes and the relative sizes of these 
waves in the SECG. In addition, the waves change with the 
electrode position relative to the heart. The interpretation of 
EsECG measurements for the diagnosis of ischaemia is also not 
well established. 

Some digital electrocardiographs can simultaneously record 
multiple channels of EsECG and SECG. The onset and offset of 
a wave can be determined on the SECG and then can be used for 
the EsECG also. This technique was used for automated wave 
recognition and measurement of intraoperative EsECG in 
real-time. The ST segment deviations in EsECG and SECG were 
studied. 

Methods 
After approval from the Institutional Review Board, infonned 
consent was obtained from patients undergoing aortocoronary 
bypass surgery. Leads 1, 11, UI, aVR, aVL, aVF, V4 and V s 
were used to acquire SECG. Immediately after induction of 
anaesthesia, Portex Cardio-Esophascope | # 18 French oesopha- 
geal stethoscope with electrodes 7 cm and 20 cm from the distal 
end was placed to acquire EsECG leads EsV2 and EsV~ 
respectively. Twenty patients with adequate signals in both 
EsVI and EsV2 were included in the study. Attempt was made to 

Discussion 
Two of the ST episodes were evident in SECG but not in 
Es!TCG. One episode was evident in EsECG but not in SECG. 
The fourth episode was evident in SECG as well as EsECG. This 
indicates that EsECG and SECG supplant each other. Ideally 
both types of leads should be used for the detection of i schaemia. 
EsECG even when recorded at the atrioventricular junction level 
does not identify all the ST episodes that may be present in the 
surface ECG. 
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Anaesthetic machines and related patient monitors - 
a provincial hospital survey 
R.M. Fricsen, J. Bjomson, G. Hatton 
University of Manitoba 

In 1981) the province of Manitoba Anaesthetic Machine Program 
was completed to accommodate Canadian Standards Associa- 
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tion Standard Z 168.3 - M1980, "Continuous Flow Inhalational 
Anaesthetic Apparatus (Anaesthetic Machines) for Medical 
Use ?' Further standards have since been published, i-3 A formal 
survey of all anaesthetizing locations in the province was 
re-initiated in the spring of 1988. 

Methods 
The survey was conducted by a provincially appointed and 
funded committee which included both urban and rural represen- 
tation. All hospitals in province of Manitoba participated. The 
survey consisted of a mail survey followed by an on-site 
technical inspection of each anaesthetic machine. The question- 
naire sought information as to: number of anaesthetic machines 
present, machine type and age, frequency of use, maintenance 
arrangements and frequency, as well as ancillary monitors 
provided at each site. The on-site technical inspection included 
DISS wall and machine inlet medical gas hoses (CSA colour 
coded), gauges, yokes, oxygen fail safe, oxygen flush mecha- 
nism, common gas outlet, back bar lock-out mechanism, flow 
meters, vaporizers, ventilators, absorbers, breathing circuits 
and waste anaesthetic gas scavenging systems. Patient monitors 
on site were noted (ECG, NIBP, SAC2, ETCO2, temp.) but their 
frequency of use could not be verified. Preventative main- 
tenance arrangements, preoperative check lists and the avail- 
ability of  equipment operating manuals were verified, Each 
health care facility involved was provided with a detailed written 
report of the survey. 

Results 
Sixty-six hospitals (8 urban 58 rural) were surveyed with a total 
of 203 anaesthetic machines (111 urban, 92 rural). The number 
of active machines (used at least once in the past year) was 167. 
Fifty-nine per cent of the anaesthetic machines surveyed had 
been manufactured between 1970-80, while 7 per cent were 
prior ~ 1970 and 34 per cent after 1980. Vaporizers surveyed on 
the 167 active machines included halothane (n = 165), enflurane 
(n = 73), isoflurane (n = 91) and methoxyflurane (n = 5). A 
back bar lock-out device was present on 26 per cent (43/167) of 

TABLE 

n % 

Anaesthetic machine monitors t alarms 
Oxygen monitor (FtO2l 10/167 66 
Vent. low-pressure alarm 116/134" 87 
Separate H/L pressure monitor 55/t34" 41 
Spirometer 70/167 42 
Oxygen pressure fail safe~" t67/167 tOO (98) 

Patient monitors 
Electrocardiogram 123/167 74 
Automated non invasive BP 1211167 72 
Temperature 75/167 45 
Pulse nximetry 44/167 26 
Capnogmphy 101167 6 

*Machines equipped with ventilator. 
"~Present on all machines. However 4/t67 had significant operational 
faults as to make them ineffective. 

machines surveyed. One hundred and thirty-four anaesthetic 
patient ventilators were identified. A waste anaesthetic gas 
scavenging system was identified on 86 per cent (145/167) of the 
machines surveyed; however, only 36 per cent were CSA 
approved devices. Thirty-one health care facilities provided for 
paediatrlc anaesthetic services of ~vhich 55 per cent were 
scavenged. Fourteen anaesthetic m~ehines in active service 
received no preventative maintenance. The Table summarizes 
the monitoring devices available with each active anaesthetic 
machine. 

Discussion 
The Canadian Anaesthetists Society, the Canadian Standards 
Association as well as numerous similar regulatory agencies in 
the USA continue to strive for higher standards of anaesthetic 
equipment and appropriate monitoring devices. This survey 
would suggest that these guidelines are not well followed. 
Serious equipment deficiencies were identified in both urban 
and rural Manitoba which can now be addressed. 
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Blood contamination of drug syringes used in anaesthesia 
J.L. Parlow 
Queen's University 

It is common practice by anaesthetists in many operating rooms 
to refill and reuse syringes used to inject drugs into patients' 
intravenous tubing. 1 Previous studies have investigated bacterial 
eontamination of syringes either by mishandling 2 or by multiple 

1 
refilling. However, contamination between patients may carry 
the risk of transmitting other organisms such as those causing 
hepatitis and AIDS. The purpose of this study was to examine 
the contents of syringes used for multiple injections into 
intravenous tubing for the presence of red blood cells as a marker 
for inadvertent syringe contamination. 

Methods 
Forty specimens were obtained, spanning six test situations. In 
each study case a 10 ml syringe fitted with a 21-gange needle 
was filled with fresh normal saline. Over the course of one hour 
during general anaesthesia four injections of 2 rnl each were 
made into the flashball of an intravenous line that had been 
established at the onset of the case and through which Ringer's 
lactate solution was being infused. Each injection was made 
with the tubing above the site of injection obstructed to ensure 
forward flow, and with constant pressure on the plunger of the 
syringe during insertion and withdrawal. After the four injec- 
tions were made the needle was removed and the remaining 2 ml 
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TABLE Results 

Group N Contaminated 

I 8 0 
II 8 I 
III 6 I 
IV 4 1 
V 6 5 
VI 6 0 

in the syringe were injected directly through a 5 micron millipore 
filtre, which was then fixed with 95 per cent alcohol and stained 
with Pap stain on a slide. The filtre was removed from the slide 
with chloroform and the sample inspected by microscope for the 
presence or absence of red blood cells. The slides were prepared 
by cytology lab technologists and examined by technologists 
and/or a pathologist all experienced in this technique, who were 
blinded as to the sample groups. 

Injections were made into tubing under the following experi- 
mental conditions: 

I "Clean" tubing with no sign of discolouration. 
II "Clean" tubing where an automatic blood pressure cuff was 

periodically used on the same arm as the intravenous 
catheter. 

Ul "Clean" tubing which had previously contained a back-flow 
of blood but had been flushed clear, 

IV Blood-tinged fluid. 
Positive controls (Group V) were made by diluting a blood- 
contaminated specimen until the solution was clear compared 
with normal saline when viewed against a white sheet. Negative 
controls (Group VI) consisted of normal saline (Table). 

Results 
Two samples from Group IV were discarded because they 
showed visible discolouration when viewed against a white 
sheet. 

Discussion 
It is evident that blood contamination of syringes may occur 
without being visually apparent and without obvious back-flow 
of blood into the intravenous tubing or of solution into the 
syringe. When a blood pressure cuff is present on the intra- 
venous arm or if the tubing has been previously contaminated, 
blood that is not visible to the eye may be trapped in injection 
ports, and not clear despite continuous flushing through the 
tubing, Blood inadvertently aspirated into a syringe in this 
manner could be injected into subsequent patients if the syringe 
is reused. The 83 per cent sensitivity of the test method may 
mean that the number of contaminated samples was underesti- 
mated. Whether or not the size of the inoculum of infectious 
organisms transmitted in this manner would be sufficient to 
cause disease is not known. 
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Comparison of liquid crystal skin temperature probe 
and axillary thermistor probe in measuring core 
temperature trends during anaesthesia in paediatrie 
patients 
W.F. Casey, L.M. Broadman, L.J. Rice, M. Dailey 
George Washington University, Washington, D.C. 

Liquid crystal temperature (LCT) is a non-invasive alternative to 
an axillary thermistor (AT) probe to measure temperature during 
anaesthesia, where a more invasive temperature probe (oesopha- 
geal) cannot be placed. The accuracy of both LCT and AT in 
detecting core temperature has been disputed, This study 
compares the accuracy of Liquid Crystal Temperature (LCT) 
skin strips and axillary thermistor (AT) probes in detecting core 
temperature changes in anaesthetized children. 

Methods 
Ninety-five children undergoing operative procedures requiring 
tracheal intubation were studied. LCT strips were placed on the 
forehead; an AT probe was taped to the skin over the axillary 
artery and an oesophageal temperature probe/stethoscope (El') 
was placed in the oesophagus. Temperature was recorded every 
five minutes for the duration of the surgical procedure. Correla- 
tion of axillary and LCT with oesophageal temperature using 
linear regression analysis and analysis of mean difference was 
carried out. 

FIGURE I 
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lntrathechal morphine in cardiac surgical procedures 
W.R. Andrews, S. Stigi, V. Jcndrek, K. Shcvde 
University of Western Ontario 

Pain after heart surgery can be severe and can delay weaning 
from mechanical ventilation. Since long-lasting analgesia and 
improved pulmonary function tests have been demonstrated 
with epidural or intrathecal morphine (MS) use, in upper 
abdominal and thoracic surgery, 1'2 we undertook a study of 
intrathecal MS in patients undergoing coronary artery bypass 
grafting and/or valve replacement. We examined postoperative 
analgesia, the incidence of postoperative hypertension, and 
extubation times over the first 24 postoperative hours. 

FIGURE 2 

Results 
The mean (.4- SEM) age of the patients 63,.7 • 6.9 months, mean 
weight 23.3 kg - 2.3, patient pre, op temperature 36.4 -+ 0.09, 
anaesthetic time 129.7 -+ 10.6 minutes, surgery time 98.1 -+ 9.3 
minutes. Figures 1 and 2 show an R 2 correlation coefficient of 
0.69 for LCI" and R 2 value of 0.66 for AT versus oesophageal 
temperature. The mean difference between LCT-oesophageal 
was 0.843 - 0.801 P < 0.0001 and axillary-oesophageal was-  
0.674 -+ 0.781 P < 0.0001. 

DJscussJon 
The high incidence and severe consequences of both hypother- 
mia and hyperthermia have aroused widespread concern and 
stimulated enthusiasm for both monitoring body temperature 
and increased attempts to conserve it. The oesophageal tempera- 
ture is the best representative of true core temperature. How- 
ever, this form of monitoring is only practical in intubated 
patients. Alternative temperature monitoring sites are axilla or 
forehead. We have demonstrated that LCT and axillary probes 
are not an accurate replacement for oesophageal temperature 
probe, but that LCT strip is as accurate as an axillary probe in 
measuring body temperature. If LCT calibration was readjusted 
downward by 0.8 ~ C by the manufacturer, it should prove to be 
more accurate. 

Methods 
Thirty-two consecutive patients were premeditated with mor- 
phine, scopolamine and midazolam. Those requiring bacmo- 
dynamic support preoperatively were excluded. The patients 
were divided into study (n = 12), and control (n = 20) groups 
based on their coagulation profile. Even though peridural 
haematoma is very rare, 3 only those with a normal coagulogram 
received spinal MS, while those with elevated PT/PTT or 
decreased platelets did not undergo lumbar puncture. The 
groups were not significantly different with respect to age, 
height, weight, procedure, sufentanil dosage or surgical, bypass 
or cross clamp times. One mg MS mixed with 1 ml spinal fluid 
was administered to the study patients, before induction of 
anaesthesia, and using a 25 g needle. Previous studies had used 
higher doses but encountered frequent side effects.4 Anaesthesia 
consisted of a low-dose narcotic technique (sufentanil 7 ~.  kg-I, 
mean, 4.0 V." kg- m) with supplementary isoflurane, thiopentone 
and/or midazolam. Relaxation was achieved with vecuronium. 
Postoperative analgesia was provided at the bedside nurse's 
discretion with morphine or bntorphanol and sedation with 
midazolam. 

Results 
Ten/twelve study patients did not require parenteral analgesia on 
postop day one vs 6/20 control patients (P < 0.01). Analgesia 
for those study patients that did complain on day one (n = 2) 
lasted 16.8 hrs, versus 8.5 hrs for controls (n = 14). Nausea was 
more frequent among the study group (42 vs 15 per cent) but 
other side effects including pruritus were unusual, and did not 
differ between groups. PCO2 was statistically higher in the study 
population but this was not clinically important, and the lowest 
respiratory rates were similar. There was no difference in the 
incidence of hypertension nor in the extabation time, using 
standard ICU extubation criteria. 

Conclusion 
Spinal morphine provided excellent, safe, postoperative anal- 
gesia but in this study failed to provide any secondary benefit, 
i.e., decreased hypertension or earlier extubation, in the first 24 
hours. 
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TABLE Comparison between invasive and non-invasive monitoring 
at each temperature range: mean -+ SEM 

PaCO2-SARA PaCOz-HP SaOz-pulse 
C02 (mmHg) CO z (mmHg) 02sat (%) 

<35~ 8.75---0.98 6,50---0.78 I.lO - 0.58 
35-36~ 11.25 • 1.20 8.63 -+ 1.25 1.13 ~- 0.41 
36-370 C 9.13 -+ 1.08 6.25 -* 1.01 1.25 �9 0.46 
>37~ 8.94• 1 .16 5 .42-  + 1 . 3 7  0.89-+0.36 

Non-invaslve monitoring to guide respiratory management 
post cardiac surgery 
D.E. Withington, A. Tazi Sanud, J. G. Ramsay, J. Bilodeau 
McGill University 

Good correlation has been demonstrated between end-tidal CO2 
(PETCO2) and PaCO21 and between pulse oximetry and arterial 
oxygen saturation (SaO2) 2 during anaesthesia, but not during 
rewarmiog from hypothermia. This study was performed to 
determine if capnography and pulse oximetry are reliable when 
used for respiratory management after cardiac surgery. 

hypercarbia (PaCO2 > 45 mmHg) SARA failed m predict high 
PaCOz in two cases, HP in one, and both in two eases (i.e., five 
failures). In all but one instance failure was due to an increase in 
gradient of -< 5 mmHg. Pulse oximetry failed to detect SaO2 < 
95 per cent in two instances with no obvious cause. 

In the 24 patients managed with uon-invasive monitoring 
there were 14 episodes of hypercarbia; ten were detected by 
capnography. In the other four episodes the gradient between 
PETC02 and PaCO2 had increased by 3-5 mmHg. Three 
episodes of hypoxaemia (Ozsat < 95 per cent) occurred; two 
were not detected by oximetry. Non-invasive monitor failures 
occurred in all temperature ranges. 

Method 
After Ethics Committee approval 20 patients were studied 
following uncomplicated coronary artery bypass grafting 
(CABG). A central mass spectrometer sampling tube (SARA) 
and Hewlett Packard (HP) capnometer sensor were placed in the 
patient airway, and an Ohmeda pulse oximeter was attached to a 
digit, Temperature was recorded from the PA catheter. Temper- 
ature corrected arterial blood gas (ABG) samples were taken 30 
rain after amval in the ICU, hourly until the temperature peaked, 
then four-hourly. At the time of each ABG determination 
PETCO2 from SARA and capnometer, and SaO2 from the pulse 
oximeter were recorded. The temperature, haemodynamic and 
ventilatory variables were also recorded. After analysis of 
results from these 20 patients, 24 patients undergoing CABG 
were managed using the noninvasive monitors. An ABG 30 rain 
after arrival in the ICU and the simultaneous PETCO2 (SARA or 
HP) and SaO2 from the pulse oximeter were recorded by the 
nurse. Based on the 30 min PUTCO2-PaCOz gradient the 
ventilator was adjusted to maintain an assumed PaCOx of 40 
mmHg and SaO 2 of > 95 per cent. Further ABGs were drawn 
four hours after arrival and then four-hourly. The results were 
not shown to the nurse or physician giving care. Non-invasive 
variables were recorded hourly for eight hours then four-hourly 
until extubation. Correlations between direct and non-invasive 
measurements of CO2 and SaO2, and of temperature and 
haemodynamic variables with the gradient between PaCO2 and 
PetCO2, were analyzed with linear regression or ANOVA where 
appropriate. 

Results 
lnvasive and non-invasive variables in the first 20 patients at 
each temperature band are shown (Table). Temperature had no 
significant effect on the gradients; SARA values were 2-3  
mmHg lower than HP. Haemodynamic variables did not affect 
gradients for either PEICO2 or SaO2. In 23 episodes of 

Discussion 
The small transient increases in PaCO2-PErC02 gradients (9/44 
patients) and incidence of failure of the pulse oximeter to detect 
SaO2 < 95 per cent (4/44 patients) indicate these monltor~ 
cannot entirely replace ABGs after cardiac surgery. Despite this, 
in the majority of patients continuous accurate information on 
the adequacy of ventilation and oxygenation was provided. 
Possible causes of isolated noninvasive "'errors" include opera- 
tor error (e.g., nurse/physician failing to record true end-tidal 
or to verify oximeter signal), or transient changes in dead space 
(PETCOz). Laboratory error in ABG determinations may also 
occur. 
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Effects of halothane on hypoxic pulmonary vasoconstriction 
D. Johnson, I. Mayers 
University of Saskatchewan 

We wished to characterize more exactly the effects of halothane 
on hypoxic pulmonary vasoconstriction (HPV). Using a stop 
flow technique, pulmonary vascular resistance (PVR) can be 
divided into inflow (Rio), middle (Rm), and outflow (Rout) 
resistance, t The hypoxie pressor response is localized to the 
middle resistor. We reasoned thai halothane could specifically 
antagonize HPV by also acting on the middle resistor. Alterna- 
tively, halothane could act as a nonspecifie vasodilator and 
selectively decrease all subdivisions of vascular resistance. 

Methods 
The study was approved by the Animal Care Committee. The 
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TABLE 

Norrno~cial Hypoxia Normoxia Hypoxia Normoxia2 
control control halothane halothane control 

%Rtot 100 125' 811" 85 95 
• +-9 -+7 -+9 

%Rin 100 112 101 106 95 
• -+24 -+25 -+6 

%Rmid I00 417" 63 81 98 
• • -+37 ---3 

%Rout 100 68 76 81 92 
+-18 -+15 -+13 -+22 

*Denotes difference (P < 0.01) from normoxia~, normoxiaz, thypoxia- 
halothane. 
~'Dcnotcs difference (P < 0.05) from normoxia~ normoxia2. 

left lower lobe of six mongrel dogs were surgically prepared by 
cannulating the pulmonary artery, vein and left lower lobe 
bronchus, The isolated lobe was left in situ and connected to an 
extracorporeal circuit primed with autologous blood. The lobe 
was gravity perfused in Zone 3 by appropriately setting heights 
of the inflow (Pin) and outflow (Pout) reservoirs. With an 
instantaneous occlusion of inflow or outflow, pressure changes 
rapidly (AP) followed by a slow change. Rin and Rout can be 
calculated from the AP of inflow or outflow occlusion respec- 
tively divided by lobar flow (0L). Total resistance (Rtot) is 
calculated from Pin - POut/QL. Rm is calculated from Rtot - 
(Rin + Rout), Each lobe was sequentially ventilated with five 
gas mixtures; normoxia, (35 per cent O2)-eontrol, hypoxia (three 
per cent O2)-control, normoxia (35 per cent O2)-halothane (0.6 
MAC), hypoxia (three per cent O2)-halothane (0.6 MAC), and 
normoxia2 (35 per cent O2)-eontrol. The distribution of resist- 
ances, venous blood gases, inspired gas, temperature and 
haematocrit were measured during each period of ventilation. 
ANOVA and paired t test with correction factor for multiple 
comparisons were used for statistics. 

Results 
There were no statistical differences between conditions for 
inspired gas CO2, pulmonary vein CO2, pH, haematocrit, tem- 
perature, inflow pressure, outflow pressure or total vascular 
compliance. The pulmonary vein O2 and inspired Oz were 
similar in the two normoxic conditions, and were also similar in 
the two hypoxic conditions. Inspired halothane concentration 
was similar in normoxia-halothane and hypoxia-halothane. The 
Table illustrates the percent change in total PVR and its 
subdivisions for each period of ventilation after normalizing 
flow in each dog for the initial normoxial conditions. Hypoxia 
increased total PVR compared to nonnoxial and normoxia~ 
controls. Halothane inhibited this hypoxic presser response 
when comparing hypoxia-halothane with hypoxia-control. Hal- 
ethane also decreased PVR when comparing normoxia-halothane 
to normoxiat and normoxia2 controls. The changes in PVR were 
due to changes in the middle resistor as both Rin and Rout were 
not statistically different in any period. 

Discussion 
Halothane acts to decrease pulmonary vascular resistance by 

dilating the middle resistor and is thus a selective inhibitor of 
hypoxie pulmonary vasoconstriction rather than a nonspecific 
vasodilator. 

Supported by a grant from the Saskatchewan Heart Foundation 
and Saskatchewan Lung Association. 

Reference 
1 Hakim TS, Michel RP, Chang HI(. Partitioning of pulmonary 

vascular resistance in dogs by arterial and venous occlusion. 1 
Appl Physiol 1982; 52: 710-5. 

Effects of halothane on hypoxic pulmonary vascular flow 
D. Johnson, I. Mayers 
University of Saskatchewan 

The pulmonary vasculature is composed of a flow-dependent 
resistance and a flow-independent resistance, z The flow-depen- 
dent resistance is reflected by the slope of the pressure-flow plot. 
The flow-independent resistance is reflected by the zero flow 
pressure intercept of the pressure-flow plot. We evaluated the 
effects of halothane on the canine pulmonary vasculature using 
this model to characterize its actions better both in normoxic and 
hypoxic eonditinns. 

Methods 
Through a left thoracotomy we cannulated the left lower lobar 
artery, vein, and bronchus in six dogs. The in situ left lower lobe 
was connected to an extracorporeal circuit and was peffusedwith 
autologous bIood. The lobe was maintained in zone two 
conditions by carefully setting the heights of the inflow and 
outflow reservoir in relation to the lobe. We decreased infow 
pressure in steps of 2 to 3 em H20 and measured lobar flows at 
each driving pressure. The lobe was initially ventilated with 
35 per cent Oz (normoxia-eontrol). We then sequentially venti- 
lated the lobe with three per cent 02 (hypoxia-centrol), 35 per 
cent O2 with halothane 0.6 MAC (normoxia-halothane) and 
finally three per cent O2 with halothane 0.6 MAC (hypoxia- 
halothane), In each condition the gas mixture included seven per 
cent COz. During each condition we also measured inspired 
gases, lobar venous blood gases, temperature and lobar haema- 
tocrits. Results were analyzed by analysis of variance (ANOVA) 
and t tests with a correction for multiple comparisons. The 
pressure-flow plots were analyzed by linear regressions with the 
slopes and the zero flow intercepts derived from the resultant 
linear equation. 

Results 
Values of inspired and lobar venous CO2, pH, haematocrit, 
inflow pressure and temperature were similar among the four 
conditions. The values of venous 02 and inspired 02 were 
similar between the two nermoxie conditions and between the 
two hypoxic conditions. The Figure illustrates the pressure-flow 
relationship during each condition. The four lines showed a 
significant correlation (R > 0.88) (P < 0.01) with the slopes 
of the lines similar between each condition. The extrapolated 
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pressure intercepts were 4.0, 5.0, 2.2, and 3.1 cm H20 for 
normoxia-control, hypoxia-control, normoxia-halothane and 
hypoxia-halothane conditions respectively. These intercepts 
were different between groups (P < 0�9149 

Discussion 
The slope of the pressure-flow relationship was not affected by 
either halothane or hypoxia. This implies that halothane and 
hypoxia do not affect the calibre of the vasculature. Instead 
hypoxia increases and halothane decreases the flow-independent 
pressure intercept. The pressure intercept is likely related to the 
tone in alveolar vessels I and this further implies that halothane 
acts primarily to decrease tone in these small vessels. This 
changes the concept that halothane is a general vasodilator and 
instead suggests that it acts preferentially at the alveolar vessel 
level�9 

Supogted by grants from the Saskatchewan Heart Foundation 
and Saskatchewan Lung Association. 

Haemodynamie and prostanoid response to fat 
microembolism after cemented arthroplasty 
R.J. Doran, P.Y. Wong, Brendan L Mullen, 
D. Wigglesworth, R. J. Bydck, J. Colin Kay 
University of Toronto 

Fat microembolism due to cemented arthroplasty (CA) has been 
demonstrated to increase pulmonary vascular resistance (PVR), 
pulmonary artery pressure (PAP), pulmonary shunt fraction 
(QjQr)  and decrease arterial 02 tension (PaO2). However, in a 
dog model of CA quantitative morphometry to determine the 
number of fat emboli suggests that the percentage of pulmonary 
vasculature occluded by fat is insufficient to account for these 
physiological changes. We hypothesize that after acute lung 
injury from fat microembolism the products of arachidonic acid 
metabolism are released and contribute to the physiological 
changes. Therefore, in a dog model of CA we measured 6-keto 
prostaglandin Flct (6PGF) (a stable metabolite of prostacyclin) 
and thromboxane B2 (TxB2) (a stable metabolite of throm- 
boxane A2) using a radioimmunoassay technique. 

Methods 
Seven mongrel dogs were anaesthetized with pentobarbitone (30 
mg.kg-I ) ,  the trachea intubated and the lungs in each animal 
ventilated to an arterial PaCO2 of 35-40 mmHg. Arterial (BP), 
pulmonary artery (PA), right atrial (RA), and left atrial (LA) 
pressures were monitored continuously. Cardiac output (Q), 
6PGF and TxB2 levels were measured before and after reaming, 
and at 1, 5, 15, 30 and 60 minutes after cement and prostheses 
insertion. (~s/Qr and physiological deadspaceltidal volume 
(Vo/Vr) were calculated at each measurement period. In the last 
three dogs, five arterial samples were drawn during the f'trst 60 
seconds after CA for 6PGF and TxB2 assay, 

Both femora were exposed and reamed. Howmedica Simplex 
P hone cement was then injected into each femur and contoured 
metal prostheses were hammered into place. When the 60-minute 
measurement was completed, the animal was killed by injecting 
KCI into the LA eannula. The lungs were excised, fixed in 
inflation, and quantitative morphometry performed to determine 
the number of fat emboli. 

Results 
There were no significant changes in BP, LAP, RAP, o r  V I ~ V T .  

Significant increases in PAP, PVR and Qs/Qr after cement and 
prostheses insertion were noted (Table). There was a significant 
decrease in PaO2 (Table). There was a significant increase in 
6PGF, at one minute after cement insertion, with the arterial 
sample ( 1.14 ng. ml- ~) being significantly higher than the mixed 
venous (0.80 ng. ml-t) sample. There was a marked (3-4-fold) 
increase in TxB2 30-40 seconds after CA which remained 
signiticanfly elevated at the one minute measurement. 
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TABLE 

Pre-reaming Post.reaming 

baseline baseline 

MAP mmHg 159-+. 10 151 • 7 
PAP mmHg 16.6 • 7.3 13.3 • 3.2 
CO llmin 3.7 • 0.9 3.4 • 1 
PVRcm.dyne-' see -5 197 -+ 52 243 +- 72 
PaOz mmHg 104 • 7 105 • 6 
QSIQT % 25.1 • 2.5 20.3 • 1.8 
6PGF (a)ng'ml -I 0.24 • 0.06 0.29 - 0.13 
6PGF (v) ng.ml -I 0.25 • 0.09 0.33 • 0.14 
Txn2 (a) ng'ml -I 0.73 • 0.24 0.87 • 0.55 
TxB2 (v)ng' ml -I 0.73 • 0.25 0.86 • 0.37 
40 

Post-cemented arthroplasty 

1 mix 5 mix 15 rain 

MAPmmHg 133 -+ 25 143 -+ 19 145 -+ 14 
PAP mmHg 31.5 • 13' 30 • 10.5" 25.9 -+ 5.1" 
CO 1/mix - -  3.0 • 0.7 3.1 + 3.1 
PVRcm.dyne -~ sec -s - -  738 • 305* 628 • 221" 
PaO 2 mmHg 96 • 4* 88 • 5* 88 --- 7* 
QS/QT % - -  26.3 • 4.2* 26.3 • 4.5* 
6PGF(a) ng'ml -~ 1.14 • 0.42* 0.72 • 0.36 • 0.11 
6PGF(v) ng.ml -~ 0.80 • 0.19" 0.64 • 0.46 • 0.19 
TxB2 (a) ng. rnl -I 1.22 • 0.65* 1.04 • 0.41 0.98 • 0.40 
TxB 2 (v) ng.ml -I 1.16 +- 0.62* 0.89 - 0.32 1.01 • 0.40 

Data presented as mean • I SD. 
*Denotes a significant change from baseline (P < 0.05) using two-way 
analysis of variance and Ounnett's multiple range test. 

Discussion 
The increases in PAP, PVR and Qs/QT, immediately after CA 
were associated with an increase in 6PGF and TxB2 levels. 
However, the reaming process is not responsible for these 
changes. Although pulmonary hypertension persisted for the 
60-minute period after CA the TxB2 response was transient. Our 
findings suggest that fat mieroembolism after CA is associated 
with the production of arachidonie acid metabolites. Whether 
this prostanoid response is the cause of the pulmonary haemo- 
dynamic changes after fat miercombolism or only a marker for 
endothelial and cellular injury is not known. However, the 
significantly higher 6PGF level in the arterial blood at one 
minute compared with the mixed venous sample verifies that the 
lung is the source of prostaglandin production. 

Diffusion hypoxia,  does It exist? A study in ASA I patients 
J.F. Stubbing, B.P. Sweeney 
Poole  General  Hospi tal ,  Eng l a n d  

Hypoxia is a frequent and major complication of general 
anaesthesia. The contribution of post nitrous oxide hypoxia 
(diffusion hypoxia) to the overall hypoxia has yet to be 
determined. This study was set up to try to determine that 
contribution. 

Methods 
Twelve ASA physical status I patients aged 16-65 years agreed 

to take part in the study. All were undergoing minor procedures 
involving general anaesthesia. All patients were seen and 
informed consent obtained, premedication of papaveretum and 
hyoscine was prescribed, dosage adjusted for weight. In the 
anaesthetic room, the patient was connected to a Kontron pulse 
oximeter, pulse and BP recorded, and an intravenous cannula 
inseRed into one hand. Anaesthesia was induced with thiopen- 
tone, then maintained with oxygen 33 per cent in air and 
halothane. A vaporiser setting of three per cent, approximately 
four times the minimal alveolar concentration (MAC) in air was 
used. Spontaneous respiration via a mask and a Mapleson A 
circuit was maintained for ten minutes. Regular pulse, BP, 
end-tidal carbon dioxide (ETCO2), and oxygen saturation were 
recorded. The patient was then disconnected from the anaesthet- 
ic circuit and allowed to breathe air for up to ten minutes or until 
the first sign of lightening of anaesthesia occurred. Anaesthesia 
was then re-established with oxygen 33 per cent in nitrous oxide 

(NaO) 66 per cent, and halothane with a vaporiser setting of two 
per cent, approximately four MAC in N20. The patient was then 
taken into the operating theatre and the procedure performed on 
this anaesthetic mixture. At the end of the procedure, the circuit 
was disconnected and the patient allowed to breathe air. 
Throughout the entire procedure, regular recordings of pulse, 
BP, ETCO2 and oxygen saturation levels were recorded. The 
trial was abandoned and oxygen administered if saturation 
dropped below 85 per cent oxygen at any stage. 

Results 
Statistical analysis of data employing Students t test was 
performed. Oxygen saturation changes at two, five and ten 
minutes and maximum saturation changes were analysed, and 
revealed no significant difference between the two groups. 
(Significance assessed as a "13" value of 0.05). There was no 
difference to the mean time of maximum saturation change, in 
both groups this was four minutes. ETCO2 at the completion of 
ten minutes air/oxygen/halothane and at the end of the period of 

TABLE Oxygen saturation change with time % change 

At At  At  
2 mix 5 mix 10 min Maximumchange 

Patient - -  - -  
no. Air NaO~" Air N~O Air NaO Air N~O 

1 5 7 2 7 - 5 7 
2 2 5 2 3 - 2 5 
3 2 2 3 2 - 3 2 
4 2 2 3 6 - 3 6 
5 3 4 2 4 5 3 5 4 
6 2 4 4 2 2 3 4 6 
7 2 4 3 3 4 3 5 4 
8 3 2 2 2 2 4 3 4 
9 3 4 5 2 5 4 6 5 

10 3 3 2 5 3 4 4 5 
11 7 5 2 2 2 1 7 5 
12 2 4 2 3 2 1 8 6 

*Air = air/Oa/halothane technique 
"['NaO = N~O/Oa/halothane technique 
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N20/oxygen/halothane was performed using Student's t test and 
no significant difference was found between the two groups. 
(Table). 

Discussion 
The Fink principle to describe diffusion hypoxia was fast 
described in 1955, but with the introduction of the pulse 
oximeter the assessment of second to second changes in oxygen 
saturation has become possible, using simple, accurate and 
non-invasive techniques. Fink originated the theory after an in 
vitro experiment, and followed that up with a study on eight 
patients who were allowed to breathe room air immediately after 
completion of anaesthesia including a mixture of N20 and 
oxygen. His results showed reductions in oxygen saturation of 
varying degrees and duration in the presence of supposedly 
adequate spontaneous ventilation, although the extent to which 
respiratory depression was responsible for any hypoxia was not 
accurately determined. By measuring ETCO2 and obtaining no 
significant difference at the end of the anaesthetic periods, 
respiratory depression should have been excluded as a cause of 
hypoxia in this study. 

Conclusion 
Diffusion hypoxia does not appear to be a significant problem 
following minor surgery in healthy adults who received anaes- 
thesia involving spontaneous respiration and little cardiovascu- 
lar and respiratory disturbance. Routine administration of 
oxygen in the absence of other problems may not be necessary in 
these patients. It does not follow that the same is true of other 
groups of patients having more major procedures. 

Prostaglandin E1 efficacy in canine model of pulmonary 
hypertension 
E. Dagher, L. Dumont, G. Lagace, C. Chartrand 
Hopital Sainte Jastine, Montreal, Qua. 

An acute increase in pulmonary vascular resistance (PVR) 
following repair of congenital heart lesions may seriously 
compromise a successful surgical outcome. Active vasocon- 
striction is partly responsible for these episodes of pulmonary 
hypertension and results from the highly reactive nature of these 
patients' pulmonary vasculature. In this critical situation ino- 
tropic agents may fail to increase cardiac output and vasodilators 
such as tolazoline and phentulamine have been used.I However, 
the fear that they may induce systemic hypotensinn limits their 
use. Prostaglandin E1 (PGEI) has been tried in various types of 
pulmonary hypertension but there exist great discrepancies in 
doses used and effects on PVR. We therefore evaluated 
incremental dose-response of PGE1 on pulmonary vascular 
dynamics in a model of vasoconslrictive pulmonary hypertension. 

Methods 
In eight dogs the pulmonary artery pressure (PAP)/flow relation- 
ship was assessed. Using an adjustable arteriovenous fistula, 
PAP/CI lines were generated by altering el .  The slope of these 
lines represents vascular conductance in the pulmonary vessels 
set up as parallel units, leading to capillaries submitted to a 

TABLE 

PGEI 

Baseline PGF2a Low Inter High 

CI 4.5• 3.3• 3.1-+0.3 3.2• 3.5• 
SVR 24-+7 32• 32-+8 31-'10 27• 
PVR 2.3-*-0.5 5.8-+1.2' 5.6• 5-+1.2  4.4_+1.3a 
CCP 9• 15"-3 * 14• 13• t2*--3 a 
Slope 1.5• 2.8• 2.8• 2.5• 2.5• 

Values are mean -+ SD. P < 0.05 by paired t test * vs baseline; a vs 
PGF2a. 

critical closing pressure (CCP), the mean of which is the 
intercept of the PAP/CI line at zero flow. The intercept thus 
represents the effective vascular outflow pressure which is 
usually higher than the assumed value (left atrial pressure). An 
aortic electromagnetic flow-probe was used to derive CI values. 

Results 
By infusing prostaglandin F2 alpha (PGF2a) into the main 
pulmonary artery, we caused vasoconstriction (see table): PVR 
increased almost threefold due to a 90 per cent increase in 
PAP/CI line slope and 60 per cent increase in CCP. PAP 
increased from 16 -+ 5 to 24 -+ 4 mmHg. CI decreased by 25 per 
cent, Mean arterial pressure (MAP) was unchanged and system- 
ic vascular resistance (SVR) increased by 33 per cent. After 
stabilization three dose ranges of PGE1 were tested by 15-minute 
infusion in a peripheral vein: low (0.04 to 0.08 p.g. kg- ~. rain -t,  
intermediate (0.12 to 0.2 p,g .kg - t .  min -t and high (0.24to 0.32 
Ixg" kg -t" rain -I . Results are presented in the Table. PVR was 
substantially decreased only by high-dose PGEI ( - 24 per cent). 
This was mainly due to a decrease in CCP ( - 2 3  per cent). PAP 
decreased from 24 -4- 4 to 20 --- 5 mmHg. Mean CI remained 
constant throughout PGEI administration. At the highest dose CI 
was: increased in three dogs, unchanged in three and decreased 
in two. At high-dose PGE1, MAP decreased from 109 • 21 to 
96 • 18 mmHg. SVR was decreased by 14 per cent. Mean left 
and right atrial pressures remained unchanged. Arterial gases 
measured in five dogs were unchanged by PGF2a hypertension 
but POz decreased from 162 • 74 to 94 • 45 mmHg and PCO2 
increased from 38 --- 4 to 51 -- 8 mmHg following I~GEI 
administration. 

Prostaglandin El decreased PVR substantially only at the 
highest dose studied by decreasing pulmonary vascular outflow 
pressure. Although encouraging because it decreased PVR 
relatively more than SVR (24 vs 14 per cent) it failed to increase 
CI in five out of eight dogs and had unfavourable effects on 
arterial blood gases. Since hypcxaemia is a great stimulus of 
pulmonary vasoconstriction, this effect should be further studied 
in models of vasoconstrietive pulmonary hypertension before 
PGEI use is advocated following repair of congenital heart 
disease. 

Reference 
I WhetlerG, GeorgeBL, MutderDJ, JarmakanlJM. Diagnosis 

and management of postoperative pulmonary hypertensive eft- 
sis, Circulation 1979; 60: 1640-4. 
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Analgesic and respiratory effects of continuous lumbar 
epidural fentanyl in post-thoracotomy patients 
N.H. Badner, A.N. Sandier, L. Leiteh, G. Koren 
University of  Toronto 

Epidural fentanyl infusions using lumbar cathelzrs have recently 

been shown effective for post-thoracotomy pain.l Claims of the 
technique's safety in these patients have been made without 
intensively studying respiratory effects and serum concentra- 
tions. This study investigated the respiratory and analgesic 
effects, as well as systemic drug uptake in post-thoracotomy 
patients receiving continuous lumbar epidural fentanyl infusions. 

Methods 
After obtaining institutional approval and informed consent six 
ASA physical status I - I I I  patients undergoing thoracotomy 
were prospectively studied. The night prior to surgery during 
sleep, control respiratory patterns were determined using respi- 
ratory inductance plethysmography (RIP), and arterial blood 
gases (ABG) taken at two-hour intervals. RIP measurements of 
respiratory rate (FREQ), slow respiratory rate (SRR = respirato- 
ry rate less than 10 rain - ~ persisting for 5 • and apnoea (AP 
= tidal volume < 100 ml for more than 15 sec) were measured 
continuously and recorded at 5 min intervals. Immediately prior 
to surgery an epidural catheter was inserted at the L2_3 or L3_4 
interspace and its position was verified with 8 ml of two per cent 
CO2 lidocaine. No premeditation was given, and the patients 
were anaesthetized with N20/isoflurane/vecuronium or pancur- 
onium, One hour after induction, a bolus of 1.5 p.g.kg -I  of 
epidural fentanyl was given, and an infusion of 1.0 
I~g' k g -  i .  hr-  l was started. This was continued into the postop- 
erative period for 24 hrs. If  the patient requested more analgesia, 
a further bolus of 0.5 p,g. k g -  i was given and the infusion was 
increased by 0.25 p,g- k g -  ~" hr-  ~. This process was repeated if  
necessary, at intervals of not less than 30 min. Fantanyl was 
supplied in a concentration of l0 I~g. ml-  1 for the infusion and 5 
I~g' mi- t  for bolus dosing. RIP monitoring was resumed in the 
recovery room (RR). Upon arrival in the RR, and following 
infusion rate changes, assessment of pain, using a visual 
analogue score (PS; 10 = severe pain, 0 = no pain), and vital 
signs were both made at 15 min intervals for one hour and then 
hourly. Also, following infusion rate changes, ABG and serum 
fentanyl concentration samples were collected at 15 •  
intervals for one hour, hourly for 4 hrs, and then at 2-hr 
intervals. Fentanyl concentrations were determined by radioim- 
manoassay. Data were analyzed using paired sample t tests. 

Results 
The average infusion rate was 1.30 • 0.07 Ixg" k g -  i .  hr-  1. As a 
percentage of the total time, 19 per cent was spent using an 
infusion rate of 1.00 ~ g . k g  - I ,  hr - l ,  37 per cent 1.25, 32 per 
cent 1.50, and 13 percent 1.75 ltg- kg -1 �9 hr -1 respectively. The 
mean PS was 1.79 ~ 0.30, and the mean serum fentanyl 
concentration was 1.83 • 0.13 rig. ml -~. The Figure shows 
mean PS, and mean serum fentanyl concentrations as a function 
of time after RR arrival. The Table compares preoperative and 
postoperative respiratory variables. One patient had 262 and 80 
APs pre- and postoperatively. Excluding this patient, the mean 

FIGURE 

TABLE Values are means • SEM 

FREQ PC02 pH AP~. 

Preoperative 14.7 • 1.4 37.3 • 1.2 7.42 • 0.01 65 • 37 
Postoperative 17.4 �9 0.7* 43.6 • 1.5" 7.36---0.01f 31 �9 12 

AP.hr-I~. SRR SRR.hr -1 

Preoperative 7.4 • 3.9 11.0 • 7.3 1.24 • 0.78 
Postoperative 1.7 • 0.6 27.7 • 3.3 1.33 �9 0.63 

�9 P < 0.05, IP < 0~01; ~tsee Results 

AP.h r  -~ becomes 3.3 -+ 1.4 preoperatively and 1.2 • 0.5 
postoperatively (NS). 

Discussion 
This study confirms that lumbar epidural fontanyl infusions are 
effective for post-thoracotomy pain relief. Although arterial 
PCO2 and pH were significantly different from preoperative 
values they are similar to those in patients receiving systemic 
narcotics, 2 and there were no significant changes in the 
incidence of apnoea and SRR, while FREQ significantly 
increased. The serum fentanyl concentrations were however 
within reported analgesic ranges,3 and this calls into question the 
mechanism of action of this technique. 

References 
1 BelISD, BermanR, EnsaladaL. The use of continuous lumbar 

epidural fentanyl for postoperative pain relief in thoracotomies. 
CanJ Anaesth 1988; 35: S112-3. 

2 Sandler AN, Chovaz PM, Whiting WC. Respiratory depression 
following epidural morphine: a clinical study. Can Anaesth Soc 
J 1986; 33: 542-9. 

3 Gourlay GK, Kowalski SR, Plummer JL, Cousins MJ, Armstrong 
PJ, Fentanyl blood concentration-analgesic response relation- 
ship in the treatment of postoperative pain. Anesth Anaig 1988; 
67: 329-37. 
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The effect of spontaneous versus machanical ventilation on 
the onset and depth of diaphragmatic relaxation with 
succinycholine in the dog 
R.F. Erian, L. Banegin, 
University of Texas 

Diaphragmatic blood flow is higher during spontaneous than 
mechanical ventilation. As a result, the type of ventilation may 
effect neuromuscular relaxant onset time and intensity of twitch 
depression by promoting drug delivery to the diaphragm, i The 
purpose of this study was to determine if spontaneous ventilation 
prior to muscle relaxant administration is accompanied by a 
more rapid and pronounced relaxation of the diaphragm. 

practice) then onset time to maximal twitch depression should 
have been reduced further. 

Administration during spontaneous ventilation of a muscle 
relaxant will increase its effect and rapidity of action on the 
diaphragm without increasing the dose. Since diaphragmatic 
contraction is important in the act of vomiting, rapid paralysis of 
this relatively insensitive muscle may he of great importance, 
especially during rapid sequence induction. This animal study 
suggests that increasing diaphragmatic activity by spontaneous 
ventilation, and possibly more by spontaneous hyperventilation, 
prior to induction may significantly accelerate diaphragmatic 
muscle paralysis without increasing the dosage of muscle 
relaxant. 

Methods 
This study was approved by the UTHSCSA committee on 
animal care. Seven mongrel dogs anaesthetized with halothane 
were studied. Each dog was alternately mechanically ventilated 
and/or allowed to ventilate spontaneously. Diaphragmatic blood 
flow was estimated using a doppler flow probe around the left 
phrenic artery. 2 Diaphragmatic force of contraction was mea- 
sured using transdiaphragmatic pressure (Pdi) following bilater- 
al phrenic nerve train-of-four stimulation. Time of onset was 
measured from the end of injection of succinyleholine to the time 
a speeifie percentage of first twitch depression was attained. 
Phrenie artery blood flow, Pdi and onset times were examined 
when the animal was spontaneously or mechanically ventilated 
prior to muscle relaxant administration. Each animal was 
allowed to recover fully and was started on the alternate mode of 
ventilation. Results are expressed as mean -+ SEM with 
comparisons made using a paired Student's t test. A P value 
<0.05 was considered statistically significant. 

Results 
At constant temperature, blood pressure and acid-base balance 
phrenic artery blood flow increased from 2.55 + 0.34 with 
mechanical ventilation to 5.70 q- 0.75 ml. min - t  with spon- 
taneous ventilation (both P < 0.00l). Maximal twitch depression 
increased 241 + 36 per cent (P < 0.001). Also, onset times to 50 
per cent twitch depression and maximal twitch depression 
decreased from 92.4 - 15 to 26 -+ 3.4 seconds and from 156 +- 9 
to 96 -+ 9 seconds, respectively (both P < 0.00l). 

Discussion 
This study showed that maximal diaphragmatic twitch depres- 
sion from succinylcholine was increased two-fold and onset time 
reduced by 38 per cent when drug administration was preceded 
by spontaneous ventilation compared with mechanical ventila- 
tion. Furthermore, spontaneous ventilation was also associated 
with a two-fold increase in phrenic artery blood flow which 
could explain the greater twitch height depression and faster 
onset by a specific increase in drug delivery to the diaphragm. 
Onset time to maximal twitch depression was not reduced pro- 
portionately to the increase in blood flow because maximal 
twitch depression was greater in the spontaneously ventilating 
dog. Had the amount of sueeinylcholine administered been 
sufficient to completely abolish diaphragmatic twitch during 
controlled ventilation (as is probably the custom in clinical 
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Respiratory compliance during repair of atrial septal 
defect in young children 
D.L. Shulman, F. Burrows 
University of Toronto 

Early extubation of the trachea after cardinpulmonary bypass 
procedures in children has been proposed in order to avoid the 
complications of postoperative ventilation.I However, in chil- 
dran with intra-cardiae left to right shunts, respiratory compli- 
ance is decreased 2 and if this continues postoperatively, sponta- 
neously breathing patients may have increased work of brea- 
thing and gas exchange abnormalities. In this study we have 
measured compliance in young children during and after repair 
of a secundum-type atrial septal defect (ASD). 

Methods 
With approval from the Human Ethics Committee, informed 
written consent was obtained from the parents of 22 children, 
aged one to six years. Ten children presented for repair of ASD 
and the remaining 12 children were ASA physical status I and 
scheduled to undergo non-cardiac procedures. During sedation 
with oral chloral hydrate 50 rag. kg-  t total respiratory compli- 
ance was measured with the single breath test. 3 Anaesthesia was 
then induced with haiothane and intabation was facilitated with 
succinylcholine or pancnronium. Compliance was measured 
with an inflation technique. Anaesthesia was maintained with 
halothane or isoflurane and fentanyl. After the procedure, 
compliance was again measured with the inflation technique 
prior to extubation of the trachea. 

For the single breath test, a pneumotachograph was attached 
to the anaesthesia mask for measuring flow and its integral, 
volume. The pressure in the mouth (Pm) was measured via 
non-compliant tubing placed under the mask. During quiet 
breathing at end-inspiration the pneumotachograph was occlad- 
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FIGURE perioperative compliance vs height for ten patients with 
ASD (@). The regression line for periopemtive compliance vs 
height for 12 ASA l children is shown with the hatched lines 
representing -+2SEE. 

ed briefly until Pm reached a plateau. Compliance was the 
volume of the passive expiration following the end-inspiratory 
occlusion, divided by plateau Pm. In the inflation technique, a 
volume of anaesthetic gas equal to the patients' tidal volume was 
delivered into the tracheal tube with a graduated syringe and the 
airway was occluded for 3 s in order to measure airway pressure 
at equilibrium. The delivered volume, corrected to BTPS, 
divided by the equilibrium pressure was the compliance. The 
regression of compliance vs height for the non-cardiac children 
was considered the normal regression line (Figure). The 
compliance vs height for the ASD children was compared with 
this normal regression line -+2 standard errors of the estimate 
(SEE). 

Results 
In six of the ten patients in the ASD group during sedation, 
respiratory compliance was below 2 SEE of the normal 
regression line. However, following induction of anaesthesia 
and intubation of the trachea, compliance in all patients from the 
ASD group was within -+2 SEE of the non-cardiac regression 
line. Following surgery and before extubafion, compliance was 
within -+2 SEE of the non-cardiac regression line in nine nut of 
ten patients, and at - 2  SEE in the one remaining patient. With 
the exception of one ASD patient, who had a marked decrease in 
compliance, all patients were extubated at the end of the 
procedure. 

C o n c l u s i o n  

In spite of decreased respiratory compliance preoperatively in 
six out of ten patients in the ASD group, intraoperative 
compliance did not differ significantly from compliance in the 
ASA physical status [ children. Decreased preoperative compli- 
ance in patients with ASD does not contra-indicate early 
postoperative extubation. 
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R e s p i r a t o r y  f u n c t i o n  c h a n g e s  - C o m p a r i s o n  b e t w e e n  

t r a n s a b d o m i n a l  a n d  r e t r o p e r i t o n e a l  a p p r o a c h e s  f o r  

a b d o m i n a l  a o r t i c  reconstruction 
K. O'Sullivan, D. Boochier 
Beaumont Hospital, Dublin, Ireland 

The retroperitoneal approach to abdominal aortic reconstruction 
offers distinct technical advantages for large, inflammatory or 
suprarenal aneurysms and where extensive bowel adhesions are 
present.~ Recent retrospective studies have highlighted signifi- 
cantly less atelectasis and pneumonia with the retroperitoneal 
compared with the transabdominal approach for elective abdom- 
inal aortic aneurysm resection. Reduced intraoperative blood 
and fluid requirements and early return of bowel function have 
also been reported. 2-3 

The objective of this study was to compare lung volume and 
gas exchange changes following elective abdominal aortic 
aneurysm resection using the retroperitoneal and transabdomi- 
nal approaches. 

M e t h o d s  

Following Ethics Committee approval and informed consent, 20 
patients presenting for elective abdominal aortic aneurysm 
resection were prospectively allocated to midline transabdomi- 
nat (T-A), (n = 9) or left loin retroperitoneal (R-P), (n = I 1) 
groups. Preoperative cardiac status was assessed by physical 
examination, electrocardiogram and resting left ventricular 
ejection fraction determination with radinnuclide ventriculogra- 
phy. Preoperative respiratory function was assessed by physical 
examination, chest reentgenogram, FEVb FVC, FRC, A-aDOz 
gradient and intrapulmonary shunt with an FrO2 of 0.4. 

A standardised anaesthetic technique was used for all patients 
studied. Radial and pulmonary artery catheters were inserted 
under local anaesthesia and following sedation with fentanyl 
3 -6  p,g' kg-  t. Fentany150 p,g" kg-  ' was administered to induce 
anaesthesia and vecuronium 0. I nag. kg - i was administered to 
facilitate tracheal intubation. Controlled normocapnic ventila- 
tion was commenced with oxygen; isoflurane 0.25-0.5 per cent 
and fentanyl infusion 30 izg.kg-  ~. h - ' .  Pulmonary occlusion 
pressure was maintained between 10 and 15 mmHg and 
hypertension >25 per cent of baseline was controlled by 
nitroglycerin infusion. A-aDO2 gradient and intrapulmonary 
shunt measurements were repeated 3 rains pre-aortic cross 
clamp, 3 rains pre- and post-aortic unclamping, 1, 4, and 24 
hours following surgery. FEVI and FVC measurements were 
repeated on days three and five and FRC on day five. Data were 
analysed by paired Student's t test and MANOVA. P<0.5 was 
considered significant. 

Results 
The two groups were comparable with regards to age and 
preoperative cardio-respiratury status. There were no significant 
differences in measured and derived haemodynamic changes 
between the groups before and after indocdon, aortic cress- 
clamping and unclamping. Intrapulmonary shunting and AaDO2 
gradients were significantly lower in the retroperitoneal group 
during the cross-clamp period and 24 hours following surgery. 
Postoperative reductions in FVC were similar in the two groups 
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while FRC was significantly reduced in the transabdominal 
group (Figure). 

Discussion 
The retroperitoneal approach for elective abdominal aortic 
aneurysm resection was associated with significantly better 
perinperative oxygenation and preservation of lung volumes 
compared with the transabdominal approach. The retroperitone- 
al approach may better preserve diaphragmatic contractility. 
The right lateral decubitus position required for the retroperito- 
heal approach was not associated with significant haemodynam- 
ic changes following aortic cross-clamping and release. Retro- 
peritoneal may be the preferred approach for abdominal aortic 
anearysm surgery, especially in patients with impaired respira- 
tory function. 

References 
1 Sheppard AD, Scott GR, Mackey WC et al. Retroperitoneal 

approach to high ~sk abdominal aortic aneur'ysms. Arch Surg 
1986; 121:444 9. 

2 Sicard GA, Freeman NB, Van Der Woode JC et aL Comparison 
between the transalxIominal and retroperitoneal approach for 
reconstrection of the infrarenal abdominal aorta, l Vas Surg 1987; 
5: 19-27. 

3 Sharp WV, Donovan DL. Retroperitoneal approach to the abdom- 
inal aorta: revisited. J Cardiovasc Surg 1987; 28: 270-4. 

A comparison of haemodynamic changes during lighted 
stylet or direct laryngoscopy for endotracheal intubation 
B.A. Kashin, J.E. Wynands 
University of  Ottawa 

Tracheal intubation frequently results in elevation of heart rate 
and blood pressure. Pressure on the laryngeal tissues during 

direct laryngoscopy, as well as insertion of the tracheal tube, 
contributes to this effect. The purpose of the study was to 
determine whether intubation using the lighted styler (light 
wand), ]'2 which does not involve the use of a laryngoscope, 
might result in fewer haemodynamic changes when compared 
with direct laryngoscopy for tracheal intubation. 

Methods 
After approval by our Human Investigation Committee, forty 
ASA physical status I patients were randomly assigned to one of 
two groups: (1) tracheal intubation with a curved laryngoscope 
blade (no. 3 or 4 Macintosh) or (2) tracheal intubation with the 
lighted stylet (Tube-stat", Concept Corporation, Clearwater, 
FL). All intubatioos were performed by the principal author 
(BAK). Monitoring included noninvasive blood pressure, con- 
tinuous EKG and peripheral nerve stimulator for all patients. 
Patients were not premeditated. The patients were preoxygenat- 
ed with 100 per cent 02 for five minutes after receiving 
a-tubocurarine 0.04 mg .kg  -I  and fentanyl 1 Ixg.kg - I  IV. 
Three sets of heart rate and blood pressure measurements were 
collected over this five-minute period. The mean preinduction 
heart rate and blood pressure were determined and this weighted 
measurement was used as a baseline for comparison with 
post-intubation heart rate and blood pressure measurements. 
Induction of anaesthesia was accomplished with sodium thio- 
pentone 5 mg. kg ] IV bolus arid sueeinylcholine, 2.0 mg. kg -I 
was administered to facilitate tracheal intubation. Laryngoscopy 
began after the abolition of the twitch response. The time 
required for laryngoscopy and intubation was recorded. Heart 
rate and blood pressure were measured every minute from the 
start of intubation for five minutes. 

Intubation times and differences in mean blood pressure and 
h e m  rate between groups were compared using Student's t test 
or repeated measures analysis of variance (ANOVA) and the 
Student Neuman Keuls test where appropriate. Statistical 
differences were considered significant at P < 0.05. 

Results 
There was no statistical difference in intubation time, pre- 
induction and post-intubadon heart rate and mean blood pressure 
between groups (Table I, Figures 1 and 2). 

Discussion 
Based on this study, we could find no evidence that intubation 
using the lighted stylet produced fewer haemodynamic changes 
than direct laryngoscopy for endotracheal intubation. This 

3 confmnsarecantpaperbyKnightetal. Because laryngoscopy, 
intubation and cuff inflation almost occur simultaneously, it is 
difficult to determine whether the rise in blood pressure and 
heart rate are related to laryngoscopy or nonspeeific glottie and 
tracheal stimulation from endotracheal tube placement and cuff 
inflation. Therefore, we looked at the duration of laryngoscopy 
and the maximal response in heart rate and blood pressure after 
intubation. Where laryngoscopy was prolonged (>  15 seconds), 
patients in the lighted stylet group tended to display smaller 
post-intubation increases in mean blood pressure and heart rate 
compared with patients in the direct laryngoscopy group (Table 
II). Statistical significance may not have been achieved due to a 



ABSTRACTS $73 

Table ] Duration of laryngoscopy (seconds) 

Group Mean SD 

Direct (n = 20) 20.45 8.02 
Styler (n = 20) 25.80 13.54 

No difference using Student's t test. 

Table 1I Duration of laryngoscopy versus maximum percent increase 
in mean medal pressure and heart rate post-intubation 

% Increase MBP %Increase HR 
Dura t ion  post-intubation post-intubation 

Group (seconds) n (mean +- SD) (mean +- SD) 

Direct 0-15 8 3.20 -+ 16.42 16.83 �9 20.93 
Stylet 0-15 4 6.58 -+ 7.06 2.42 -~ 5.14 

Direct 16--30 12 27.19 • 22.61 26.83 • 14.79 
Stylet 16--30 16 9.84 - 22.84 14.52 +-. 17.47 

No difference using Student's t test. 
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FIGURE 2 Mean arterial blood pressu~ responses to each technique 
of intubatlon at times designated. 

relatively small number of patients in this study. On the basis of 
this study, we recommend that the lighted stylet should be 
selected for anatomical rather than haemodynamic considera- 
tions. 
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Effects of halothane and isoflurane on the vasomotricity 
of human coronary artery rings 
E. Villeneuve, G. Blaise, M.J. Guerrard, J. Buluran, 
R. Meloche 
University of  Montreal 

Through the release of two potent vasodilators, prostacydin and 
EDRF (endothelium derived relaxing factor), the endothelium is 
a major determinant of vascular tone in a normal coronary 
artery, i Arteriosclerosis alters endothelial cell function and 
structure, thereby making the diseased vessel more susceptible 
to circulating vasoconstrictors and prone to spasm. Halothane 
and isoflurane are systemic vasodilators. We wanted to elucidate 
their effects on the vasomotricity of human coronary arteries in 
vitro. 

Methods 
Human hearts are obtained from donors and recipients of organ 
transplant procedures. The coronary arteries are dissected, 
cleaned, cut into 4 mm tings and hung on a pair of stirrups. Each 
ring is then immersed in Krebs-Ringer (control solution) with 95 
per cent 02/5 per cent CO2 and maintained at 37 ~ C. The upper 
stirrup is linked to a force transducer which relays the signal to a 
recorder for observation and analysis of the changes in vessel 
tension. Once the rings have been stretched to their optimal 
passive tension we submit them to KCI 40 mM to produce a 
standard reference vasoconstriction. Next, bradykinin 10 -6 M is 
added to determine the presence of endothelium. After rinsing 
thoroughly with control solution, halothane or isoflurane 1.5 
MAC is added to the gas mixture in half the chambers. Once a 
steady state is achieved, we proceed with the response to 
increasing concentrations of PGF2-alpha, serotonin, histamine 
and phenylephrin from 10 -8 to 10 -4 M in treated and control 
rings. At the end of the experiment, solution samples from the 
treated chambers are kept in hexane for determination of 
anaesthetic concentration in the liquid phase. All rings are 
transferred into formaldehyde for histological studies. Statistical 
analysis was performed using the Student paired t test. P < 0.05 
was considered significant. 

Results 
All four mediators used (PGF2-alpha, serotonin, histamine and 
phenylephrine) induced a dose-dependent increase in vasomotor 
tone of human coronary artery rings in vitro. Halothane treated 
vessels (n = 8) showed a significant decrease in their constrictor 
response to PGF~-alpha, serotonin and histamine. Whereas, 
isoflttrane did not modify the dose-response curves of human 
coronary rings (n = 6) exposed to the same vasoactive agents. 
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The histological studies revealed a significant degree of arterio- 
sclerosis in all vessels. The least altered arteries showed intimal 
thickening (Figure). 

Conclusion 
Although both halothane and isofiurane are known vasodilators, 
their action on human coronary rings in vitro differs. Previous 
studies in the dog have shown that halothane has a direct action 
on vascular smooth muscle fibres ~ while isnfiurane produces 
vasodilation only in the presence of an intact endothelium. 
Based on the histological studies, we think that most, if  not all, 
vessels studied had arteriosclerotic modifications and functional 
alterations of the endothelium which prevented any effect of 
isoflurane. We would suggest that haiothane has a beneficial 
vasodilatory effect on the coronary arteries of patients suffering 
from coronary artery disease. 

Reference 
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The effect of continuous interpleural analgesia on pain 
and pulmonary function after cholecystectomy 
E. Effa, H. Vaghadia, L.C. Jenkins, T. Janisse, 
C.H. Scudamore 
University of British Columbia 

Open clinical trials would suggest that interp[eural catheter 
(IPC) analgesia offers unique advantages over systemic narcot- 
ics in providing safe and effective postoperative analgesia as 
well as improved pulmonary function for patients recovering 
from upper abdominal surgery, t,2 To date, however, continuous 
IPC analgesia has not been evaluated in a doubte-blind con- 
trolled fashion. There has also not been any data presented in the 

literature to document free bupivacaine levels achieved by 
continuous 1PC bupivacalne infusions despite the fact that these 
correlate best with toxicity. 3''; This is a preliminary report of an 
on-going prospective double-blind randomized study which 
compares continuous IPC bupivacaine infusion with parenteral 
narcotics with respect m pain, ease of ambulation and pulmo- 
nary function following subcostal cholecystectomy. 

Methods 
Institutional approval was obtained. After obtaining informed 
consent, eleven ASA physical status I and II patients scheduled 
for elective subeostal cholecystectomy were randomly assigned 
by pharmacy to one of two groups. All patients received an IPC. 
One group (Group B) was to receive IPC bupivacaine whilst the 
other group (Group S) was to receive saline. Preoperative 
studies included: bedside FVC, FEV 1.0 and PEFR, and CXR 
(PA and lateral). Both groups underwent general anaesthesia for 
their surgery receiving 1-2 p.g-kg -J of fentanyl at intubation 
and no further narcotic. Following closure of the incision, prior 
to emergence, with the patient breathing spontaneously, an IPC 
was inserted into the ipsilateral pleural space between the sixth 
and seventh ribs just anterior to the lateral border of latissimus 
dnrsi. After insertion of the catheter, a 0.3 ml '  kg-  t incremental 
bolus of either 0.5 per cent bupivacalnc with 1:200,000 
epinephrine or 0.9 per cent saline was given in blinded fashion. 
The patients were then awakened and recovered in the PAR in a 
routine manner. Once the patients were returned to the ward a 
0.15 m l ' k g - I ' h r  -~ IPC infusion of either 0.25 per cent 
bupivacalne or 0.9 per cent saline was established and main- 
tained by use of a volumetric infusion pump. The IPC infusion 
was continued until the morning of the third postoperative day. 
All patients were allowed parenteral meperidine on demand for 
analgesia according to a standardized schedule (PAR: Meperi- 
dine 0.05-0.3 rag. k g -  i IV PRN 1 WARD: Meperidine 0.5-2.0 
mg" kg - 1 IM Q3h PRN). 

The following clinical measures were obtained: VAS pain 
scores were obtained in the PAR and on the ward the evening of 
surgery (POOL and then twice daily thereafter. On each occasion 
patients were asked to rate their pain at rest and pain at its worst 
over the previous few hours. Narcotic usage over the three-day 
recovery period was recorded. Daily bedside spirometry was 
performed (patients sitting on the side of the bed with feet 
dangling). Daily nursing assessments of ease of ambulation 
were recorded on specially constructed 100 mm VAS score 
sheets. A portable CXR was performed on the f'~st postoperative 
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FIGURE l Meperidine use 

FIGURE 2 VAS "resting" pain scores 
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"worst pain" were significantly lower (P < 0.05) in group B 
from arrival in the PAR to the evening of Postop 1, VAS scores 
for ambulation were found to be generally better in group B but 
this was only statistically significant during the evening of the 
day of surgery (PO0). Three patients were noted to have visible 
air over the apex of the lung on PAR CXR, which was estimated 
to represent <10 per cent pneumothorax. In all three patients 
this resolved spontaneously without any treatment or clinical 
sequellae. No other complications were noted. Bupivacaine and 
AAG assays are pending. 

Discussion 
This report presents preliminary data based on small numbers. 
However, compared with standard parenteral narcotic analge- 
sia, it would appear that IPC analgesia provides better pain relief 
and probably maintains better pulmonary function in patients 
recovering from subcostal cholecystectomy. It would be expect- 
ed that this should correlate with a reduced incidence of 
pulmonary complications and reduce the duration of hospital 
stay. More complete assessment of the clinical significance and 
safety of IPC analgesia should be possible when this study is 
completed. 
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FIGURE 3 FVC measurements 

moming. Formal PA and later CXR's were obtained on postop 
day three. Venous blood samples for plasma bupivacaine levels 
(free and total) and alpharacid glycoprotein (AAG) levels were 
obtained in the PAR and each morning for three days. All 
complications encountered were recorded. Data were subjected 
to unpaired two tailed t test. A P value <0.05 was considered to 
be significant. 

Results 
There were no significant demographic differences between the 
two groups (S: n = 6; B: n = 5). The results of resting pain 
scores, meperidine use and pulmonary function testing (repre- 
sented by FVC) are summarized in Figures I -3 .  VAS scores for 

Cerebrovascular effects of 1.0 MAC isoflurane and 0.53 
MAC halothane: End tidal concentrations that result in 
the same mean arterial pressure 
P.M. Patel, W.A.C. Mutch, T.S. Rata 
University o f  Manitoba 

We studied the regional cerebral blood flow (rCBF) effects of 
isoflurane and halothane at respective end-tidal concentrations 
which resulted in similar mean arterial pressures (MAP). Two 
groups of New Zealand white rabbits (n = 8; each group) were 
studied with five regional blood flow determinations in each 
animal. Blood flow was determined by injecting microspheres 
labelled with either ~Sc, s~SR, 9SNb, t l3Sn or 14Ice during the 
following conditions; injection 1: after stable 2.05 per cent 
end-tidal isoflurane (1.0 MAC) Group I; or after stable 0.74 - 
0.04 per cent end-tidal halothane (0.53 MAC) Group II. 
Injections 2-5:  after MAP was increased to 20, 40, 60, and 80 
per cent respectively above baseline MAP by phenylephrine 
infusion. Baseline MAP for Group I was 64.3 -'- 3.1 mmHg 
(mean --- SEM) and 67.2 -+ 2.0 mmHg in Group n (NS between 
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vascular autoregulation was better maintained with 1.0 MAC 
isofiurane (P = 0.0004). Regional CBF comparisons (frontal, 
parietal, occipital cortex, cerebellum and brain stem all revealed 
significant group-time interactions; P < 0.01 for all regions) 
indicating that regional eerebrovascular autoregulation was 
better maintained with 1.0 MAC isoflurane (Table). With 1.0 
MAC isoflurane, autoregulation was especially well maintained 
for posterior fossa structures (cerebellum and brain stem) as 
compared to supratentorial structures, lntracraniai pressure 
(ICP) was significantly higher in Group 11 for injection 5 (6.7 --* 
1.1 vs 5.0 --+ 0.7 mmHg; group-time interaction; P = 0.014). 

These results indicate cerebrovascular autoregulation was 
better maintained with 1.0 MAC isoflurane compared with 0.53 
MAC halothane (end-tidal concentrations that resulted in the 
same baseline MAP). If these findings are applicable to the 
clinical setting, at haemodynamically comparable end-tidal 
concentrations, isofiurane is the volatile agent of choice for 

neuroanaesthesia particularly for surgery on the posterior fossa. 

TABLE Regional cerebral blood flow: 1.0 MAC isoflurane vs 0.53 
MAC halothaue 

Regions Baseline Flow 2 Flow 3 

Frontal (I) 0.69 • .04 0.82 • .09 0.90 -+ .105" 
(H) 1.03 + .07* 1.46 • .121"* 2.08 -+ .15t* 

Parietal (I) 0.62 • .03 0.79 • .07 0.90 - .07"[" 
(H) 0.91 • .08* 1.21 • .09* 1.71 • . l i t*  

Occipital (I) 0.70 • .04 0.90 • .08 1.01 • .105" 
(H) 0.97 • .07* 1.34 - .137" 1.93 --- .18~'* 

Cerebellum (I) 1.01 • .09 1.07 • .07 1.08 • .08 
(H) 0.87 • .06 0.97 • .07 1.22 • .II 

Brain stem (I) 0.62 • .04 0.69 - .05 0.77 • .06 
(H) 0.67 • .05 0.76 • .08 1.09 --..10t* 

Regions Flow ,I Flow 5 

Frontal (l) 1.28 • 1.75 --- .231" 
(H) 3.11 • .32"['* 3.75 +- .6Or* 

Parietal (1) 1.16 • .12'~ 1.63 - .20t 
(H) 2.58 • .24t* 3.02 �9 .40";'* 

Occipital (1) 1.37 • .15t 1.80 -+ .2It 
(H) 2.97 • .38t* 3.45 • .59t* 

Cerebellum (1) 1.22 • .09 1.49 • 175" 
(H) 1.82 • .24t* 2.14 -+ .40t* 

Brain Stem (I) 1.Ol • . 105" 1.44 • .17t 
(H) 1.60 - .20"~* 1.90 --- .25~'* 

*P --- 0.05 between groups. ~'P -< 0.05 within groups. Mean • SEM. 
n = 8 for each group, tCBF = ml-g- ~- min- L (I) = isoflurane. 
(H) = halothane. 

groups). The increases in MAP were the same between groups 
for the first three injections (20-60 per cent above baseline) but 
was significantly lower for the final injection in Group II (74.5 
-+ 5.0 per cent vs 82.2 -+ 3.2 per cent; P = 0.039). Normocapnia 
was maintained throughout (PaCO2 36.8-38.0 mmHg). At all 
injection periods, total CBF (tCBF) was significantly higher 
with 0.53 MAC halothane than for 1.0 MAC isoflurane 
(Figure). A significant group-time interaction indicated cerebro- 

The influence of cardiopulmonary bypass on cerebral 
autoregulation and COz responsiveness in the early 
postoperative period 
B.R. McNeill, J.M. Murkin, A.W. Gelb, J.K. Farrar 
University of  Western Ontario 

Central nervous system (CNS) dysfunction following cardiopul- 
monary bypass (CPB) has been reported to occur in many 
patients in the early postoperative period, with new neurological 
signs demonstrable in approximately two-thirds of these./'2 
Also, cerebral blood flow (CBF) has been shown to be reduced 
following CPB with the greatest reductions occurring early. In a 

prospective study, Smith et al. 2 demonstrated a significant 
increase in CNS dysfunction at 24 h after CPB, but no significant 
difference in CBF, or in the incidence of CNS dysfunction, at 
eight days or eight weeks compared with controls. This may 
indicate a window of vulnerability in the early post-CPB period. 
CBF autoregulation and CO2 responsiveness have not previously 
been investigated in man during this early post-CPB period. 

Methods 
Following institutional approval and written informed consent, 
11 patients undergoing elective cardiac surgery, anaesthetized 
with a narcotic relaxant technique (sufentanil 7-22 p,g'kg-~ or 
fentanyl 20-44 p~g. kg" i), underwent nonpulsatile CPB at flow 
rates of 2.0-2.5 L '  m -2' min -I using a membrane oxygenator 
and arterial line filteration. Hypothermia (26-28 o C) was 
induced during CPB in ten patients, one patient remaining 
normothermic. Mean arterial pressure (MAP) was maintained at 
greater than 50 mmHg and alpha-stat pH management was 
employed. Patients with uncontrolled hypertension, CNS dys- 
function or conditions associated with autonomic dysfunction 
were excluded from the study. Postoperative exclusions includ- 
ed ongoing myocardial ischaemia or haemodynamic instability 
requiring ionotropes or vasodilators. CBF was determined from 
the average 133Xe clearance measured by ten scintillation 
detectors, five located over each cerebral hemisphere. All CBF 
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TABLE 

(,4) COe response 

Base I PaCO2 Base 2 

n (patients) 6 6 6 
CBF(mI-100 g-Lmin -t) 26-+ 7 42--- 14' 27 -+ 7 
PaCO a (mmHg) 38 "*" 4 52 -+ 3* 39 - 4 
MAP (mmHg) 84 • 12 81 -+ 6 87.4- 10 
RT (*C)t 36 -+ 0.6 36 -+ 0.7 36 "4" 0.6 
Hb(g.dL -~) 10---2 10-+2 9.9-+2 

(B) Autoregulation 

Base I MAP 110 MAP 70 Base 2 

n (patients) 8 8 8 8 
CBF (ml.100 g -*, 

rain -*) 26 - 7 27 - 6 26 - 5 27 --.7 
PaCO z (mmHg) 40 • 5 39 -+ 4 39 -+ 4 39 -*- 4 
MAP (mmHg) 88 -+ 13 It0* 70* 87 "*- 10 
RT (~ 36 --- 1.0 36 --- 1.0 37 -'- 1.0 37 -+ 1.0 
Hb(g.dL -1) 10.3-+'2 10.3-+3 10.2---3 10-+3 

*P < 0.05 vs base l. fAll values P < 0.05 vs base l. 

determinations took place in the intensive care unit 3-8 hrs after 
CPB. The study was divided into two parts, each patient being 
randomly assigned to the order of testing: (A) CO2 response - 
baseline 1, increased PaCOl, baseline 2; (B) autoregulation - 
baseline I, MAP 110 mmHg, MAP 70 mmHg, baseline 2. 
PaCOl, rectal temperature, MAP and haemoglobin were deter- 
mined during each CBF measurement. Phenylephrine and 
trimethaphan infusions were used to vary MAP. ANOVA and 
Dunnett's test with alpha of 0.05 and beta of 0.20 were used as 
measures of significance (Table). 

Results 
All patients underwent CPB averaging 99 • 27 miu without 
incident. Three patients were excluded, one due to hypertension 
requiring vasodilator therapy, two because of equipment failure. 
Because of time constraints complete data for part CA) was 
obtained in only six patients. Intact cerebral autoregulation over 
MAP 70-110 mmHg and cerebral CO2 responsiveness was 
demonstrated. CBF increased 1.23 m]" 100g- 1. min ~- mmHg- 
PaCOI. 

Conclusion 
The low CBF in these patients presumably reflects residual 
anaesthesia in the early post-CPB period. Cerebrovascular 
reactivity to CO2 is preserved and cerebral autoregulation is well 
maintained within the usual range of MAP confirming clinical 
practice. These results were obtained after CPB using alpha-stat 
pH management, but may differ if pH-stat is employed. 
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Compatability of lactated Ringer's Solution with packed 
red blood cells 
J.L. Parlow, G.D. Johnson, M.A. Adams, D.P. Lillicrap 
Queen's  University 

Lactated Ringer's solution (LR) is commonly used for fluid 
maintenance and replacement during anaesthesia and resuscita- 
tion. Since it has been shown that under certain conditions LR 
can induce clotting in citrated whole blood, I many practitioners 
prefer to use non-calcium-containing crystalloid to dilute packed 
red blood cells. However, it is often not practical in emergency 
situations to concern oneself with replacing and flushing LR 
from intravenous equipment prior to using blood. Moreover, LR 
has been used with blood by many clinicians without clotting or 
adverse effects noted. 

In current practice citrate-anticoagulated packed red blood 
cells (PRBC) are administered far more often than whole blood 
in most clinical situations. In the present study we have deter- 
mined the presence or absence of clotting in PRBC reconstituted 
with different proportions of LR and normal saline iNS). We 
have also determined the effect of RL on calcium levels in stored 
PRBC. 

Methods 
Forty samples of eight-day-old banked PRBC preserved with 
citrate-phosphate-dextrose-adenine (CPDA-I) were mixed in 10 
ml syringes with either LR or NS to achieve proportions ranging 
from 30 to 90 per cent crystalloid by volume. Twenty of these 
samples were incubated at 20 ~ C and twenty at 37 ~ C. One half of 
each group was analyzed after 30 minutes and the remainder 
after 60 minutes. Each mixture was then injected at a speed of 2 
ml .min -1 through two filtre holders connected in series, 
containing a 170 micron and 20 micron filtre respectively. The 
filtres were then inspected for the presence of clotted blood by 
examiners blinded as to the composition of the samples. 

In a separate experiment using 28-day-old stored PRBC, 
samples (n = 12) were prepared by mixing PRBC with LR or 
NS in concentrations of from 30 to 90 per cent crystalloid by 
volume. The samples were analyzed for total and ionized 
calcium concentration. 

Results 
I All mixtures containing 70, 80 or 90 per cent by volume of LR 

and incubated at 37 ~ C for 30 min or 60 min contained clots. 
2 All mixtures containing 70, 80, or 90 per cent LR at 20 ~ C 

clotted after 60 rain but none clotted after 30 rain. 
3 No clotting occurred in any mixture containing 30, 50, or 60 

per cent LR or in any mixture containing NS. 
4 Total calcium was equal in all mixtures containing LR 

(1.27-1.30 mM). 
5 The NS controls contained much lower levels of total calcium 

than the LR group (0.23-0.68 raM) and decreased with 
greater dilutions. 

6 Ionized calcium levels increased with increasing dilutions of 
LR (0.14-0.77 raM), most marked]y with 70 per cent or more 
LR. There was no detectable ionized calcium in any NS 
mixture. 

Discussion 
The practice of mixing blood products with LR is avoided by 
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many clinicians and discouraged in the literature.2 This is due to 
the theoretical antagonism by the calcium contained in LR of the 
anticoagulant effect of citrate added to banked blood. It has been 
shown that CPDA-added stored blood contains about ten times 
the molar amount of citrate necessary to chelate the calcium 
contained in it. It would therefore follow that the calcium added 
to the blood when diluting with LR would be chelated 1o the 
excess citrate until a threshold is reached and the available citrate 
is saturated. At this point, excess calcium would be available to 
activate the coagulation cascade. Our results show that the 
ionized calcium content of the LR mixtures increased with 
increasing proportions of LR to PRBC, particularly with greater 
than 70 per cent LR, and that only mixtures containing 70 per 
cent or more by volume of LR showed signs of clotting. This 
would confirm that a certain level of ionized calcium is required 
for coagulation to occur. In clinical practice a unit of 230 m/ 
PRBC is usually diluted with 100 to 200 ml, or 30 to 46 per cent 
by volume, of crystalloid in order to achieve a viscosity 
compatible with high flow rates. This study demonstrated that 
clotting does not occur when stored packed red cells are diluted 
with clinically used volumes of lactated Ringer's solution. I f  70 
per cent or more LR is used, delayed clotting may occur. 
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TABLE Percent incidence of nausea and vomiting 

No preop Preop 
antiemetic droperidol Total 

Menses 51.7 33.3 46.4 
Rest 22.4 9.4 17.9 

X z = 12.97 ;(2 = 5.13 ~2 = 20.39 
RR = 3.69 RR = 4.80 RR = 3.98 
P = 3 x 10 -'~ P = 0.02 P = 6 x l0 -6 

Increased incidence of postoperative nausea and 
vomiting in menstruating women 
T. Lindblad, W.S. Beattie, D.N. Bncldey, J.B. Forrest 
McMaster University 

Postoperative nausea and vomiting is common in women of 
child-bearing age; the incidence after D & C is 12 per cent, l 
laparoscopie tubal ligation 35 per cent 2 and laparoscopie ovum 
retrieval 54 per eent.I The menstrual cycle may also alter the 
incidence of nausea and vomiting 2 We evaluated the incidence 
of nausea and vomiting after laparoscopy performed at different 
times in the menstrual cycle. 

Methods 
All patients, 350, coming for laparoscopic surgery in our 
institution from July 1st, 1987 to July 1st, 1988 were studied. 
Patient age, weight, type of anaesthetic, duration of anaesthesia, 
type of  and specific dosage of preanaesthetic antiemetie medica- 
tion, date of the last menstrual period (LMP), evidence of nausea 
and vomiting, and duration of hospital stay were recorded. 
Exclusion criteria were: date of LIMP not available, receiving 
oral contraceptives, post partum, pregnant at the time of 
surgery. Statistics were descriptive and by • where appropriate. 
Significance was accepted at the 95 per cent level (P<0.05). 

Results 
One hundred and fifteen patients were excluded. Of 235 patients 

remaining in the study, 158 had no antiemetie (Group A) and 77 
received droperidol (7.5 to 12.5 v,g.kg - I )  (Group B). The 
incidence of nausea and vomiting for Group A was 33.5 per cent 
and for Group B was 16.9 per cent with an overall incidence of 
28.1 per cent. We found a much higher incidence of nausea and 
vomiting early in the menstrual cycle. The Figure shows the 
frequency distribution of nausea and vomiting by day of cycle. 
The incidence of nausea and vomiting peaks at day five with an 
incidence of 80 per cent (8/10) and falls to about a 25 per cent 
(2/8) level at day nine. On the basis of this finding, we 
examined the patients by phase of the menstrual cycle, days one 
to eight as pre-ovulatory, days 9-16 as ovulatory and 17 to the 
end of cycle as post-ovulatory. Statistical analysis confirmed the 
null hypothesis that the ovulatory and post-ovulatory periods 
were not different and these were pooled for a comparison of 
pre-ovulatory (menses) and the rest (day nine to end of cycle). 
The Table shows the results of the X 2 analysis comparing the 
differences in the cycle and the effect of dreperidol. The 
incidence of nausea and vomiting was four times greater in the 
pre-ovulatory (menses) group than in the post-ovulatory group. 
Preoperative droperidol did not significantly reduce the inci- 
dence of nausea and vomiting in the pre-ovulatory or post- 
ovulatory state. However, comparison of 77 patients receiving 
droperidol with 158 patients not receiving droperidol over the 
total cycle showed a significant improvement with droperidol 
(X z = 6.31, RR 2.48, P < 0.01). 
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Discussion 
The results of this study show that laparoscopic surgery 
performed around the time of the menses results in a four-fold 
increase in the relative risk of nausea and vomiting, The 
prophylactic use of droperidol does not significantly reduce the 
risk of nausea and vomiting at any given period in the cycle. We 
conclude that nausea and vomiting are mainly seen during the 
menses and that factors other than surgical procedure account for 
this finding. Such factors as hormonal levels or changing 
endocrine balance would seem to warrant further investigation. 

Studies are also needed to assess whether these results are 
applieable to other types of surgery. 
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lsoflurane-induced hypotension in orthognathie surgery 
M.R. Lessard, C.A. Trdpanier, J.P. Baribault, J.G. Brochu, 
C.A. Bruusseau, J.L Cot~, P. Denault 
Laval  University 

Deliberate hypotension has three proposed benefits: a decrease 
in surgical blood loss with a concomitant reduction in transfu- 
sions; an improved surg~.caI field and a reduction in operative 
time. However, it has not been demonstrated to be effective in 
orthognathic surgery, i Besides, there is no report on the effect of 
deliberate hypotension on postoperative oedema. We studied the 
efficiency of hypotension induced with isoflurane with regard to 
the three points stated above and its effect on postoperative 
oedema in orthognathic surgery. 

Methods 
Fifty-two healthy (ASA physical status 1) consenting patients 
undergoing a LeFort 1 maxillary osteotomy combined with a 
mandibular osteotomy were randomly assigned either to the 
hypotensive group (Group 1) or to the control group (Group 11). 
All patients were prepared in the same manner including 
intravenous methylprednisolune which is a standard regimen 
used in our institution to decrease postoperative oedema. 2 
Anaesthesia was induced with fentanyl 5 I~g'kg - I ,  thiopen- 
tone 5-7  rag. kg- t and atracurium 0.5 rag" kg-  t. After nasotra- 
cheal intubation, ventilation was controlled (PaCO2 35-40 mm 
l-fg). Anaesthesia was maintained with 60 per cent NzO, 40 per 
cent 02, a low concentration of isoflumne and supplementary 
doses of fentanyl up to a maximum dose of 20 ~ g ' k g  -]. At 
mucosal incision, hypotension was induced by increasing 
inspired concentration of isoflurane to lower mean arterial 
pressure (MAP) to 55-65 mmHg (Group I) while MAP was 
maintained at 75-85 mmHg in Group II. Propranolol 1.0 mg IV 
was given if the heart rate increased over 100 beats-min -t .  
Basic fluid requirements were met with lactated Ringer's 
solution (LR) 6 ml.  kg-  t. hr- i. Blood losses up to 20 per cent of 
estimated blood volume (EBV) were replaced with 3 ml of LR 

FIGURE 

for each ml of blood loss. Over 20 per cent EBV, packed red 
cells were given. All data were collected in a double-blind 
manner. Surgical field during maxillary osteotomy was evaluat- 
ed using an ordinal scale, t At the end of surgery, blood losses 
were precisely measured. Postoperative oedema was evaluated 
subjectively on a linear analogue scale, and objectively by pre- 
operative and postoperative measurements of the distance be- 
tween skin marks placed preoperatively over mandibular angles. 

Results 
There was no significant difference between groups with respect 
to age, sex, weight and preoperative blood pressure. Blood 
losses were significantly lower in Group I than in Group I!, 
454.0 -+ 211.3 vs 755.3 -+ 334.6 ml (P < 0.001), as was the 
number of patients who had to be transfused, 12 per cent vs 44.4 
per cent (P < 0.02). The surgical field was rated significantly 
better in Group I than in Group 11 (Figure) (P < 0.001) but 
duration of surgery was not different, 274.8 --- 58.5 vs 298.4 --- 
65.8 minutes respectively. Postoperative oedema was not 
different between groups either with subjective or objective 
evaluation. 

Discussion 
Our data indicate that isoflurane-induced hypotension is an 
effective technique to decrease surgical blood loss. This 
decrease is associated with an important reduction in the number 
of patients who have m be transfused (blood loss > 20 per cent 
EBV). Considering the risks related to transfusions, this 
becomes clinically important. Surgical field is improved by 
hypotensive anaesthesia, allowing a better dissection and less 
tissue trauma. However, it did not result in a reduction in 
operarve time as reported for other procedures. Finally, we 
could not demonstrate any effect of deliberate hypotension on 
postoperative oedema. This might result from the blunting effect 
of methylprednisolone.2 
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A comparison of postoperative analgesia for ambulatory 
knee surgery by intra-articular injection or femoral nerve 
block with 0.25% bupivacaine 
P. Whang, G.C. Moudgil, N. Duly, D.H. Morrison, 
R. Ogilvie, J. Mah, T. Ehler 
McMaster University 

TABLE I Groups (n = 20) 

Femoral nerve block lntra-articular injection 

A Bupivacaine 0.25% Saline 
B Saline Bupivacaine 0.25% 
C Saline Saline 

TABLE II VAS pain assessment 

Times (hrs) Group A Group B Group C Sign~cance 

Preop (0.0) 10.35 6.65 9.10 NS 
Postop (0.25) 42.75 32.95 47.50 NS 
Postop (0.5) 37.65 32.20 45.50 NS 
Postop (1.0) 32.95 32.30 38.55 NS 
Postop (2.0) 22.65 25.00 35.00 NS 
Discharge 15.35 18.60 27.75 NS 

Surgery on an outpatient basis has gained popularity in recent 
years. One of the objectives of anaesthesia for outpatient surgery 
is to accomplish a prompt recovery and early ambulation. 
However, postoperative pain may necessitate the use of narcot- 
ics which prolong the recovery time. I Peripheral nerve blocks 
for postoperative analgesia have the merit of avoiding the 
unwanted effects of narcotic analgesia. The efficacy of femoral 
nerve block for pain relief following knee surgery was investi- 
gated recently and found to be superior to placebo in early pain 
management. 2 Likewise, femoral and sciatic nerve blocks were 
found to provide satisfactory analgesia for evaluation of acute 
knee injuries. 3 These investigations suggest that peripheral 
nerve blocks or intra-articular injections with local anaesthetics 
may provide optima/ postoperative analgesia. Therefore, the 
efficacy of postoperative analgesia following intra-articular 
injections or femoral nerve block with 0.25 per cent bupivacainc 
has been investigated in patients undergoing arthroscopic knee 
surgery, in a randomized double-blind fashion. 

Methods 
Following informed consent, 60 patients (ASA physical status I 
and II), requiting arthroscopic knee surgery were enrolled in the 
study. Patients with previous history of neuropathy, bleeding 
disorder, local infection, and allergy to local anaesthetic were 
excluded. Patients were similar in age, height and body weight 
distribution. A standard anaesthetic protocol was followed in all 
cases and neither a premedication nor any narcotic supplement 
was used. At completion of the surgery, all patients received 
both an intra-artienlar injection and a femoral nerve block (after 
localization with peripheral nerve stimulator) with 20 ml of 
randomly allocated clear solution in a blind fashion as shown in 
Table I. 

Postoportive pain perception was assessed by an independent 
observer in a blind fashion by use of a Visual Analogue Scale 
(VAS) and a Verbal Rating Scale (VRS) preoperatively and at 
0.25, 0.5, 1.0 and 2.0 hours after return of consciousness and 
also before discharge from the hospital. The motor function and 
additional narcotic analgesic requirements were also recorded. 
Pain assessment data were analyzed for significance by analysis 
of variance (ANOVA). 

Results and Discussion 
The results of the pain assessment using VAS at different time 
intervals are shown in the Table lI. There was no statistically 
significant difference in pain perception among the tha'ee groups 
of patients. Likewise, motor function and additional analgesic 
requirements were no different in the three groups. These data 
suggest that neither femoral nerve block nor intra-articular 
injections provide adequate postoperative analgesia following 
arthroseopic knee surgery. Since the local anaesthetic had been 
appropriately placed for femoral nerve block and intra-articular 

injection, it is conceivable that either there is a different 
mechanism of pain, or femoral nerve blockade is not the best 
means of analgesia in this group of patients. 

References 
I Dawson B, Reed WA. Anaesthesia for day-care surgery: a 

symposium. III. Anaesthesia for adult surgical outpatients. Can 
Anaesth Soc J 1980; 27: 409. 

2 Tierney E, Lewis G, Hurting JB, Johnson D. Femoral nerve block 
with bupivacalne 0.25 per cent for postoperative analgesia after 
open knee surgery. Can J Anaesth 1987; 34: 455. 

3 Rooks M, Fleming LL. Evaluation of acute knee injuries with 
sciatic/femoral nerve blocks. Clinical Orthopaedics and Related 
Research. P. 187, 1983. 

The effect of esmolol on the sympathetic response during 
rigid bronchoscopy 
L.F. Leitch, A.N. Sandier, N.H. Badner 
University of Toronto 

Rigid hronchoscopy causes an intense sympathetic response 
with potentially harmful results. Current methods used to obtund 
this response are associated with undesirable effects in terms of 
duration of action, respiratory and myocardial depression, and 
lack of cardiac selectivity. Esmolol, a new beta-blocker with 
cardiac selectivity and a short duration of action (q - 9 rain) is a 
potentially ideal agent for this procedure. This double-blind, 
randomized, controlled study investigated the safety and effec- 
tiveness of esmolol as a bolus injection in patients undergoing 
rigid bronchoscopy. 

Method 
With institutional approval and informed consent, 22 ASA 
physical status I - I I I  patients scheduled for rigid bronehoscopy 
were randomized to one of three study drug regimens (Table 1). 
All patients received the preinduction dose. Further doses were 
given (Table I) by the following criteria: at 10 min postinduction 
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TABLE I 

Group I Group H Group III 

Preinduction dose 0 100 mg 200 tug 
10 min postinduetion 0 100 mg 100 rng 
12 (• min postinduction 0 0 100 mg 

TABLE 11 

Placebo Esmolol tOO mg Esmolol 2OO rng 

Pminduction HR 71 6~9.3 78.8• 17.8 73.0• S 
Change HR 

2 ruin 13.6-+6.0 * 3.4• 14.8 8.5- + 29.9 
3rain 26.9---19.7' 2.8-+15.7 0.3-+39.5 
5ruin 19.7-+17.6 10.4- '13.3 11.8-+29.5 

Preinduction SBP 158-+36 159-+18 157-+27 
Change SBP 

2 rain 4.8--.33.6 13.6~31.9 -9.6-+48.8 
3 rain 54.8-+28.8 * 28.8-+21.3" 16.2-+30.1 
5 rain 34.9--.11.5' 30.2• t7.8" 3t.2-+-2t.3* 

Preinduction RIP 11300-+3050 12500-+3320 11200-+2750 
Change RPP 

2 rain 2680-'3210 1660-+4300 1320-+8310 
3 raln 10360-+7320* 2770-+3720"~ 3530-+9100 
5mln 6B70-+449U* 43[0*-2970* 4900-+6110 

An'hythrnias 3 vent bigeminy 2 vent bigeminy I ver~t bigeminy 
I vent ectopy 

STP (mg-kg-t-min TM ) 1.25--.0.44 1 .13-0 .39  0.97-+0.58 

Values are means • SD, *P < 0.0|, ~'P < O.O5. 

for heart rate (HR) :> 95 (if systolic blood pressure (SBP) > 110) 
and/or SBP > 140 (if HR > 70); and any time beyond 12 min if 
SBP or HR > 20 per cent preinduetion value. Exclusion criteria 
included: CAD, beta- or calcium-blocker therapy, heart block, 
asthma or active wheezing, significant hepatic or renal failure, 
or pregnancy. Oral diazepam 0. I mg- kg -  1 was given 90 minutes 
preoperatively. Blood pressure (BP) was monitored invasively 
(radial arterial catheter). Pulse oximetery, continuous ECG 
(lead 11) and 12-lead ECG were applied. The induction sequence 
was as follows: defasciculation with vecuronium bromide 
(VCB) 1 mg IV, preoxygenation for 3 rain, thiopentone (STP) 5 
m g . k g  - I  IV, succinylcholine 1.5 m g . k g  -~ IV, and then the 
preinduction dose of study drug given IV over 30 seconds. 
Manual ventilation with 100 per cent O2 for 90 seconds preceded 
rigid bronehoscopy. Ventilation was performed with a Venturi 
Jet Ventilator in the side-port of the rigid bronchoscope. 
Additional doses of STP (50-75 mg) were given m maintain 
anaesthesia and to control further changes in HR and BP. VCB 
0.05 m g ' k g  - t  was given 2 min postinduction for muscle 
relaxation. Onset of injection of the study drug preinduction 
dose was time 0. HR and BP were recorded every rain and a 
12-lead ECG every 2 min. Measurements continued for the 
duration of rigid bronchoscopy and ended with removal of the 
bronchoscope and a change in anaesthetic technique. Statistical 
analysis was performed using paired t tests to compare postin- 
daction data with preinduction data. 

Results 
All three groups were similar with respect to sex, age, weight, 

procedure duration, and ASA status. Six patients received 
placebo, ten received 100 mg esrnolol, and six received 200 mg 
esmolol. Table 11 compares the groups in terms of cardiovascu- 
lar variables and amount of STP given. There were no episodes 
ofbronchospasm. Three patients given esmolol (one in group II, 
and two in group llI NS) developed hypotension (SBP < 90) 
which responded quickly to volume replacement or small doses 
of ephedrine. 

Discussion 
This study shows that esmolol 100rag minimizes the increase in 
HR, and that asmolol 200 mg minimizes the increase in HR, 
SBP, and rate pressure product (RPP) when compared with 
placebo in patients undergoing rigid bronchoscopy with no 
major side effects. There was a trend to a lesser incidence of 
ventricular arrhythmias and a decrease in the amount of STP 
required with increasing dose of asmolol. 

Clinical assessment o f  the muscular response to tetanic 
nerve stimulation 
J.Y. Dupuis, R. Martin, J.M. Tessonnier 
Sherbrooke University 

In the absence of monitoring using electromyography (EMG) or 
mechanomyography (MMG), the clinical assessment of the 
muscular response to tetanic nerve stimulation has for many 
years had the reputation of being the most sensitive test to detect 
residual curarization. L2 In the present study, we assessed the 
value of the clinical evaluation of the response to tetanic nerve 
stimulation (50 Hz) as a means of detecting residual curariza- 
tion. 

Methods 
With approval of the Hospital Ethics Committee, 44 adult 
patients, ASA physical status I and HI without conditions 
affecting neuromuscular function, gave written consent to 
participate in the study. All patients had similar anaesthesia: 
premedication with diazepam or lorazepam; induction with 
thiopentone 3 to 5 mg-kg  - t  and fentanyl or sufeutanil as 
required; tracheal intubation with vccuronium 0.06 to 0.08 
mg" k g -  t; maintenance with isoflurane one per cent in a mixture 
of oxygen 40 per cent and nitrous oxide 60 per cent; fentanyl or 
sufentanil, and supplements of  vecuronium were added if 
necessary. 

Following the induction of anaesthesia, both ulnar nerves 
were simultaneously stimulated at the wrist, using a Grass 
stimulator S 8800, which gave supramaximal train-of-foar 
(TOF) stimulation every 12 seconds, with the mechanical 
response of both adductor pollicis muscles being measured by a 
force transducer (Grass FT-10) and recorded on a polygraph. 
Only the patients who had the same TOF ratio on both sides 
were included in the study. During the recovery phase of the 
neuromuscular block, simultaneous bilateral tetanic stimulation 
of 50 Hz were given at different levels of relaxation, as described 
in the next paragraph. The minimal interval between repeated 



$82 CANADIAN JOURNAL OF ANAESTHESIA 

TABLE Tactile evaluation of the response to tetasie stimulation 
compared with mechanically measured response (MMG) 

Level af myorelaxation 
measured by TOF Tetanic fade con-  Clinically deteefed 
ratio firmed by MMG tetanic fade 

0.10 32/32 31132 (97%) 
0.20-0.30 32/32 25/32 (78%) 
0.40-0.50 26/32 10/26 (38%) 
0.60-0.70 18/32 4/18 (22%) 

tetanic stimulations on the same patient was ten minutes. During 
the tetanic stimulations, one of the patient's hands was freed in 
order to allow one of the observers to perform a tactile evaluation 
of the muscle response of the adductor pollicis. The observers 
had to say if  the muscular contraction was sustained or not. Their 
evaluations were compared with the MMG responses of the 
adductor pollicis on the other side. 

Four residents in their second year of training and four 
certified anaesthetists, all familiar with the use of nerve 
stimulators, formed the group of observers. Each carried out 
sixteen evaluations which were randomly distributed in four 
series of four, according to the TOF values, so that four 
measures were done at TOF of 0.10, four at TOF of 0.20-0.30, 

four at TOF 0.40-0.50, and four at TOF of 0.60-0.70. The 
observers were not aware of that distribution, and they did not 
know the chosen levels of myorelaxation which were studied. A 
total of 128 tetanic responses were assessed. The tetanic 
response ratio was measured by MMG as the ratio of the ampli- 
tude of the response at the end of five seconds and the initial 
maximal height of the response. 

The chi-squa.re test was applied for statistical comparisons. P 
< 0.05 was considered significant. 

Results 
The Table shows the number of patients in which tetanie fade 
was found by MMG and the number of patients in which tetanic 
fade was detected by tactile evaluation. 

No relation was found between TOF ratio and tetanic response 
ratio. Fade was clinically perceived in all cases where the tetanie 
response ratio was 0.30 or less. 

Discussion and conclusion 
We found no significant difference between our results and those 
previously reported for the clinical evaluation of the response to 
train-of-four nerve stimulation.3 We conclude that tetanic fade is 
not a very sensitive test to detect residual eurarization for two 
reasons: (1) the tetunic evaluation of tetanic fade by clinicians is 
often erroneous; (2) the MMG response to tetanic stimulation 
starts to be sustained when TOF ratio is as low as 0.50. 
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Prediction of diflicuR tracheal intubation 
B.A. Kashin, A.W. Barry 
University of  Ottawa 

Visualization of the glottis by direct laryngoscopy is impaired by 
anatomical characteristics that hinder the alignment of the oral, 
pharyngeal and laryngeal axes. Currently, no single anatomical 
factor best determines the potential difficulty of direct laryngo- 
scopy. Visibility of the hypopharynx,~ mantum to thyroid notch 
distance, 2 and mouth opening s have been studied individually 
but may be unreliable predictors of difficult intubation. This 
study was designed to incorporate all of these factors in order to 
identify accurately patients with potentially difficult airways. 

Methods 
Twenty adult (ASA physical status I or 1I) patients who required 
general tracheal anaesthesia were studied after approval from 
our Human Investigation Committee. Anaesthesia was induced 
with sodium thiopentone and a muscle relaxant was adminis- 
tered to facilitate tracheal intubation. Laryngoscopy was per- 
formed by one of 14 experienced anaesthetists in our institution. 
Exposure of the glottis was described on a scale of one to four; t 
grade 1: glottis fully exposed, grade 2: glottis partially exposed, 
grade 3: glottis could not be exposed, comiculate cartilages only 

could be visualized, grade 4: glottis including comiculate 
cartilages could not be exposed. Difficult orotracheal intubation 
was defined as less than optimum glottie exposure (grades 3 and 
4). 

Ten patients graded 1 or 2, and ten patients graded 3 or 4 were 
examined postoperatively by the principal author, after obtain- 
ing informed consent. All 20 patients had full dentition and were 
not known to have cervical spine, temperomandibalar joint 
disease, or upper airway pathology. All patients underwent 
airway assessment based on four clinical parameters: visibility 
of the hypopharynx, thyromental distance (distance between the 
end of the chin to thyroid notch), neck circumference, and 
distance between the central incisors with the mouth maximally 
open. 3 Visibility of the hypepharynx was divided into three 
classes based on pharyngeal exposure: tonsillar pillars, soft 
palate, and uvula visualized (Class 1), visualization of the uvula 
and partial visualization of the tonsillar pillars (Class 2), no 
visualization of pillars, uvula not seen or partially seen (Class 
3). 1 Results were analysed using the Student's t test where 
appropriate. Statistical differences were considered significant 
at P < 0.05. 

Results 
A significant correlation exists between the ability to visualize 
pharyngeal structures and the ease of laryngoscopy (Table I). 
Thyromantal and central incisor distances were significantly 
smaller (P < 0.01) in patients where tracheal intubation was 
considered difficult (Table U). Neck circumference was umelat- 
ed to ease of glottic exposure. 

Discussion 
We found that visualization of the hypopharynx was a reliable 
predictor of ease of glottic exposure at laryngoscopy. This 
finding is consistent with that of Mallampati et al. J Our finding 
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TABLE I Relationship between visualization of hypopharynx and 
glottie exposure 

Laryngoscopy grade 

Visualization of hypopharynx 1 2 3 4 

Class 1 N = 9 7 2 0 0 
Class 2 N = I 0 1 0 0 
Class3N= 10 0 0 3 7 

TABLE I[ Relationship between clinical measures (mean -+ SD) 
and ease of tracheal inmbation 

Tracheal inmbation 

Easy Difficult 
Clinical parameter (grades t and 2) (grades 3 and 4) 

Thyromental distance range 8.0- + 1.26" 5.0-+0,86 
(6,5- t0,0) (3.8-6.5) 

Distance between central 
incisors range 4.5~0.36' 3.5• 

(4.0-5.0) (3.0-4.7) 
Neck circumference 36.0• 1.52 37.0-+3.62 

*Significantly different (P < 0.05) using Student's t test. 

that thyromental distances of tess than 6.5 crn are related to poor 
glottic exposure is consistent with the literature. 2 Although the 
distance between the central incisors was significantly shorter in 
patients considered to be difficult intubations, there was 
considerable overlap between the two groups (Table lI range), 
making this measurement a less reliable predictor of difficult 
intubations. Because of this, we took the sum of central incisor 
distance and thyromental distance for each patient and compared 
this value between the groups. This distance ranged between 
7.2-9.5 cm in patients considered difficult intubations and 
10.7-15.0 cm in those considered easy intubations. All patients 
considered as difficult intubations had a combined distance of 
less than 9.5 cm. All of these patients were also assigned to class 
3 visualization of the hypopharynx. Perhaps visualization of the 
hypopharynx indirectly reflects the combined thyromental and 
central incisor distances. Because visualization of the glottis 
requires alignment of the oral, pharyngeal and laryngeal axes, 
no single factor alone can be expected to predict ease of tracheal 
intubation. 
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Changes in eatecbolamine metabolism in the rostral 
ventrolateral medulla following halothane and 
nitroprusside induced hypotension: an in vivo 
electrochemical study 
B. Milne, L. Quintin, J.-Y. Gillon, J,F. Pujol 
Queen's University 

Induced hypotension produces changes in central catecholamine 
turnover. The rostral ventrolateral medulla (RVLM) contains 
adrenergic C t neurons which project to the intermediolateral cell 
column of the spinal cord. The precise function of these Ct 
neurons remains unsettled. Direct proof of a dynamic and 
bio/histochemically specific involvement of these Ct neurons 
during circulatory challenge is lacking, In vivo voltammetry 
allows on line biochemical and specific monitoring ofcatechola- 
mine metabolism in central structures, t The objective was to 
observe with in vivo voltammetry changes in RVLM Ci 
adrenergic cateeholamine metabolism following induced hypo- 
tension with halothane or nitroprosside (SNP). 

Methods 
Rats anaesthetized (halothane, metocurine) and ventilated were 
stereotaxically implanted with carbon micreelectrodes in the Ci 
area of the RVLM. Using differential normal pulse voltammctry, 
the catechol oxidation current (CA'  OC, per cent baseline) was 
used as a measure of RVLM catecolaminergic neural activity. 
Groups of rats (n = 5) were given (A) halothane 0.75 per cent 
for 60 rain. (B) halothane 2.75 per cent plus plenylephrine 

FIGURE 
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infusion to maintain mean arterial pressure (MAP) for 30 min, 
then halothane 0.75 per cent for 30 min. (C) halothane (2,5-3.0 
per cent) for 30 rain (MAP 60 -+ 5 mmHg) then halothane 0.75 
per cent for 30 rain. (D) SNP infusion for 30 rain [MAP 60 +- 
5 mmHg), then halothane 0.75 per cent for 30 min. Significance 
was assessed at the P < 0.05 level, repeated measures ANOVA. 

TABLE 

Control Flecainide Mexiletlne 

Infarct size (%) 20.5 --- 8 38.8 --- 20 40.1 - 20 
% H20-infaret 82,0 -+ 2 84.6 - 3 83.5 +-- 5 
CBF~-360 rain 11.9'4-9 2.8--.3 4.0+-5 

Results 
Halothane 0.75 per cent produced no significant change in 
CA. OC or MAP (Figure A), while halothane (2.5 -3 .0  per cent) 
produced a significant decrease in MAP and a symmetrical 
significant increase in CA- OC (Figure C). This increase peaked 
at 30 rain (180 -+ 28 per cent) and reached 110 -+ 9 per cent 
baseline at 60 min. The halothane and phenylephrine combina- 
tion produced no significant change in CA" OC or MAP during 
the 30 min exposure (Figure B), SNP produced a significant 
increase in CA. OC (peak 48 min, 224 "4" 35 per cent) which 
remain elevated (198 -+ 32 per cent) at 60 rain (Figure D). 

Discussion 
These data show the existence of an inverse relationship be- 
tween the level of arterial pressure and the level of activity of 
adrenergic perikarya of the RVLM. The CA" OC recorded in the 
RVLM appears primarily related to the oxidation ofa  metabolite 
of dopamine, 3,4-dihydroxypbenylacetic acid, The results are 
compatible with the hypothesis that RVLM adrenergic neurons 
act to maintain arterial pressure through their peripheral sympa- 
thetic and vasopressinergic targets. SNP induced a prolonged 
significant increase in RVLM catecholamioc metabolism which 
may relate to rebound hypertension following use of this drug. 
On the other hand, the C A .  OC in the halothane group returned 
toward baseline values which mirrors the clinical picture of lack 
of rebound hypertension following inhalational agents. 
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Sodium channel blockers in focal cerebral lschaemia 
A.W. Gelb, F. DeMonte, C. Zhang 
University of  Western Ontario and Robarts Research Institute 

Previous studies have shown that lidoeaine is beneficial in focal 
cerebral ischaemia because it blocks sodium channels or 
improves collateral blood flow. 1,2 The aim of this study was to 
evaluate two other sodium channel blockers (SCB), Flecainide 
(F) and Mexiletine (M), which have a greater and longer affinity 
for neural membranes, Both are used as antiarrythmics. F is an 
analogue of procainamide with a local anaesthetic potency five 
times that of procaine. M is a local anaesthetic that has been used 
as an anticonvulsant. 

Methods 
Thirty-six adult cats were randomly divided into three equal 
groups - control (C), F, M. They were anaesthetized with 

halothane in O2/air (FIn2 0,6) and their lungs ventilated to keep 
E'rCO2 at 30 35 mmHg. Normothermia and normal blood 
pressure was maintained throughout, Regional cerebral blood 
flow (rCBF) was measured with radiolabelled microspheres 
injected through a left atrial catheter. Somatosensory evoked 
potentials (SEP) were recorded in response to contralateral 
medium nerve stimulation, 

The animals were subjected to six hours of permanent middle 
cerebral artery occlusion. Drug therapy was initiated 30 minutes 
before occlusion. They received either F (5 m g ' k g  -~ bolus 
followed by 0.5 mg '  kg- i .  hr-1, M ( 10 mg" kg-~ bolus followed 

by 0.2 rag' kg-  i. rain- 1 for 30 minutes then 0.1 rag. kg- 1. min-1) 
or C (an infusion of a similar volume of saline), rCBF was 
measured prior to occlusion, 30 and 360 minutes post-occlusion, 
The brain was carefully removed and a five-millimeter-thick 
section through the optic chiasm was incubated in triphenyl 
tetrazolium chloride to delineate the infract area. Cerebral 
oedema was assessed by regional wet-dry weight determinations, 

Results 
There were no differences among the groups in physiological 
parameters, There was no statistically significant difference in 
infarct size among the three groups. In all three groups, the water 
content was greater in the infarcted hemisphere than the 
contralateral (P < 0.01). However, there were no differences 
among the three groups, rCBF in the infarct area (rCBF0 was 
significantly reduced (P < 0.01) by occlusion in all three 
groups. At 360 minutes, rCBFi was lower (P < 0.0l) in the F 
and M groups than C. In no region, including the contralateral 
hemisphere, did rCBF increase. However, contralateral CBF 
was reduced by M but not F or C. The extent and duration of the 
loss of the major cortical component of the SEP was similar in all 
three groups (Table). 

Conclusion 
The reason for the reduction in CBF is unclear. It was not due to 
shunting as CBF was not increased in other areas, Other possibte 
reasons for F and M failing to reduce infarct size are inadequate 
or excessive dose. The doses used were at the high end of the 
clinical dose range and would be associated with CNS features 
of overdose. Despite this there may still have been inadequate 
CNS penetration. If  seizures had occurred they would have been 
clinically manifest and associated with an increased CBF. These 
two SCBs are ineffective in focal cerebral ischaemia. These 
results suggest that the beneficial effects of lidocaine may reflect 
its neurovascular effects rather than a sodium channel blocking 
effect. 
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Paraben preservatives but not succinylcholine are 
cerebral vasodilators 
J.T. Hamilton, Y. Zhou, A.W. Gelb 
University of Western Ontario 

Succinylcholine(Sux) has been shown to increase intracranial 
pressure (ICP) independent of coadministered barbiturate. I 
Others, however, have suggested that increased ICP may be 
related to intubation during light anaesthesia. 2 Here we add 
another consideration to this controversy and describe a marked 
vasodilator effect of only Sux preparations containing the 
preservatives methylparaben (MP) or MP and propylparaben 
(PP). 

Results 
Q, MP+PP relaxed rings below baseline; Sux-noMP, A-noMP 
and control maintained tone; PP and MP were intermediate in 
effect (Figure). Studies on GP basilar arteries precontracted with 
5HT yielded qualitatively and quantitatively similar findings. 

KCI-precontracted (0.06 M) GP arteries were re/axed in a 
dose-dependent manner by the same amounts which relaxed 5 
HT-contracted preps. However, dog arteries (n = 2) were more 
resistant to relaxation. 

Removal of the endothelium (n = 2) by gentle mechanical 
rubbing was without effect on the responses to MP+PP, Q, MP 
or PP. Thus the observed vasodilation with the parabens would 
appear not to be dependent upon the release of EDRF (endo- 
thelium-dependent-relaxing-factor). 

Method 
The brains of adult mongrel dogs (n = 12) anaesthetised with 
pentobarbital were obtained. Guinea-pigs (GP n = 6) were 
decapitated taking care to avoid subarachnoid haemorrhage. The 
basilar artery, free from araehnoid, was cut into rings 4mm (dog) 
or 1 mm (GP) long avoiding damage to the endothelium. The 
rings were mounted in organ baths of Krebs buffer at 37* C 
aerated with 95 per cent 02-5  per cent CO2. Following equili- 
bration (60 rain), vessel diameter was increased to permit 
optimal responses and a steady baseline was obtained under 
tension (2 Gdog, 60 mgGP). After first precontracting the 
arteries with either a receptor mediated agonist (5HT) or a 
voltage mediated stimulus (KCI), clinically relevant doses of 
each test drug were added in increasing concentrations. The 
concentration was expressed as Sux-equivalents which was the 
volume of a 20 mg- ml- t Sux preparation which was added to 
each ml of waterbath. Drugs used were: pure Sux (Sux-noMP), 
Anectine | (no parabens) (A-noMP), Quelicin | (Q) (20 mgSax, 
1.8 mgMP, 0.2 mgPP 'ml - I ) ,  MP + PF (MP 1.8 mg 'ml  - I ,  
PP 0.2 m g '  ml-I) ,  MP alone (1.8 mg" ml - ] ,  PP alone (0.2 rag. 
ml-I) ,  multidose Anectine | (20 mgSUX, 1.0 mg .ml  i, MP) 
and a control with no added drug. 

Conclusion 
We have shown in two animal species that clinically used 
concentrations of MP and PP produce dose-related and additive 
effects and they and not SUX are responsible for the vasodila- 
tion. Future studies should give recognition to the fact that 
parabens are not just preservatives but have potent pharmacolog- 
ical actions. This is emphasized by our previous demonstration 
that parabens in steroid preparations have similar effects on 
pulmonary smooth muscle, 3 
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Auditory steady-state evoked response (ASSR) during 
general anaesthesia 
G. Ploarde, T.W. Pieton, A. Kellett 
McGill University 
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There is no satisfactory method to assess the fluctuations of the 
level of consciousness during general anaesthesia, t The purpose 
of this study was to determine whether the auditory steady-state 
response (ASSR) could be used to monitor anesthesia. The 
ASSR is a sustained, sinusoidal evoked potential which appears 
when the rate of stimulation is sufficiently rapid to produce 
overlap of the responses to individual stimuli. Its amplitude 
varies with the level of arousal 2 and is decreased during 
isoflurane anaesthesia. 3 

Methods 
Ten elective adult surgical patients were tested during anaesthe- 
sia with thiopentone, vecuronium, fentanyl (2-4 p,g. kg-]) and 
isoflurane (0.5-1.5 per cent end-tidal) in air/oxygen or nitrous 
oxide (60 per cent)/oxygen. Recordings were carried out before 
induction (control), during induction, surgery and emergence, 
and in the recovery room 15-120 min later. Stimuli consisted of 
500 Hz tones (15 ms duration, 80 dB peSPL) presented 
binaurally via insert earphones at a rate of 40. sac- ~. The EEG 
was recorded from Fz, Cz and Pz (reference: right mastoid) with 
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TABLE ASSR amplitude (Cz) (uV) (sd) 

Periods 

Method Control Early induction Late induction 

Time 0.42 (0.20) 0.46 (0.16) 0.32 (0.18) 
Frequency 0.39(0.12) 0.39(0.10) 0.19(0.10) 

Periods 

Method Surgery Emergence Recovery 

Time 0.06 (0.02) 0.30 (0.20) 0.29 (0,10) 
Frequency 0.03 (0.01) 0.14 (0.08) 0.24 (0.06) 

a band pass of 0.3-100 Hz. An epoch of 1.5 sec (1024) points 
was used, Trials contaminated by eye movements were rejected. 
The amplitude of the ASSR was measured on the Cz channel. 
Two methods were used. With the time-domain method, the 
waveforms were digitally fdtered (38-42 Hz) and the root-mean- 
square 2 amplitude was recorded. With the frequency-domain 
method, the waveforms were analyzed using the Fast Fourier 
Transform (FFT) from which the amplitude at 40 Hz was 
obtained (Table). 

Results 
With time-domain measurements pair-wise comparisons re- 
vealed that surgery showed significantly (P < 0.01) lower 
amplitudes than all other periods. With frequency-domain 
measurements similar comparisons revealed that surgery differs 
significantly from control, early induction and recovery (P < 
0.01) but nor from late induction and emergence. 

Cranial duplex sonography: Effect of PCO2 on the 
velocity of blood in the cerebral vasculature of 
anaesthetized children 
M.A. Pilato, B. Bissonnette, J. Lerman, K.A. Brown 
University of Toronto 

Studies in adults have demonstrated that the PCO2 directly 
affects the calibre of the resistance vessels in the cerebral 
vasculamre and therefore cerebral blood flow.l Although this 
effect is thought to hold true for children, it has not been 
documented. Therefore, we determined the effect of PCO2 on 
cerebral blood flow velocity in healthy anaesthetized children. 

Methods 
With approval from the institution Ethics Committee, 13 healthy 
children, ASA physical status I or II scheduled for elective 
urological surgery were studied. All children were fasting and 
unmedicated. Anaesthesia was induced with thiopentone and 
vecuronium. After the trachea was intubated, anaesthesia was 
maintained with 70 per cent N20/O2, fentanyl 2 p,g'kg -t,  
narcotic, vecuronium and 0.8-1.0 per cent end-tidal isoflurane. 
All patients had a caudal block performed at the beginning of 
surgery. Ventilation was adjusted to achieve an end-tidal PCO2 
of 20 mmHg. Fresh gas flow was maintained constant through- 
out the study to avoid any variation in intrathoraeic pressure. 
Normothermia was maintained. The PCO2 was then equilibrated 
between 20 and 80 mmHg with an exogenous source of CO2. 
Blood pressure, heart rate, oxygen saturation, end-tidal isoflur- 

Discussion 
Both measurement methods show that the amplitude of the 
ASSR is clearly attenuated during surgical anaesthesia and that it 
returns to 60 per cent of control value during recovery. This 
suggests that the ASSR correlates well with the level of 
consciousness. The discrepancy between the two methods 
during the late induction and emergence periods might result 
from contamination of the recordings by muscle activity. The 
muscle activity would be more evident on the 3g to 42 Hz 
band-pass of the time-domain method than on the single 
frequency band-pass of the FFT. The results suggest that the 
state of the patient during the immediate post-operative period is 
somewhere between anaesthesia and full consciousness. 

Acknowledgements 
Supported by the MRC and FRSQ. 

References 
l MoriK. Anaesthesia 1987; 42: 1153-5. 
2 Linden DR el al. Ear and heating 1985; 6: 167-74. 
3 Hogan K, Anesthesiology t987; 67: A 402. 

FIGURE I Linear regression with 90 per cent confidence limits are 
shown (P < 0.05). 
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Transcranial doppler sonography: halothane increases 
cerebral blood flow velocity in children 
B. Bissonnette, M.A. Pilato, J. Lerman 
University of  Toronto 

It has been stated that halothane may not be the ideal anaesthetic 
for patients with increased intracranial pressure because it 
increases cerebral blood flow.I Although this statement has 
been supported by the results of several adult studies, it has not 
been shown to hold true in paediatric neuroanaesthesia. This 

study was undertaken to determine the effect of halothane on 
cerebral blood flow velocity in healthy children. 

FIGURE 2 Linear regression with 90 per cent confidence limits are 
shown (P < 0.05). 

ane, inspired nitrous oxide and oxygen were recorded within the 
range of PCO2 values described. Cerebral blood flow velocity 
was measured with the transcranial doppler monitor (TC2-64B, 
EMC, Carolina Medical Electronics, Inc.) (Figure 1). Statistical 
significance was determined using linear exponential regression 
analysis between cerebral blood flow velocity and PCO2. 
Coefficient of determination (r 2) was used. 

Results 
The mean -+ SD age and weight of the 12 children were 3.5 -+ 
1.9 years and 18.5 ~ 8.8 kg. Heart rate, blood pressure and 
end-tidal isoflurane did not change significantly during the 
study. The cerebral blood velocity increased linearly as the 
PETCO2 increased (I 2 = 0.56) (Figure 2). 

Discussion 
Previous studies demonstrated the exponential relationship 
between cerebral blood flow velocity and PCO2. Because the 
calibre of the basal cerebral arteries remains unchanged in the 
paediatric population with CO2, the assumption that these data 
should also be proportional to changes in blood flow in the basal 
cerebral arteries, actual blood flow can be made. 2 These data 
indicate that CO2 has a direct effect on cerebral blood flow 
velocity in children anaesthetized with isoflurane. Further 
studies are warranted to determine the effects of anaesthesia and 
their doses and surgical conditions on cerebral blood flow 
velocity in infants and children. 

Methods 
With approval from the institution human ethics committee, six 
healthy children scheduled for elective urological procedures 
were studied. All children were ASA physical status l, fasting 
and unmedicated. The children were anaesthetized with an 
inhalational induction with halothane, nitrous oxide and oxy- 
gen, and paralyzed with vecuronium. After tracheal intubation, 
anaesthesia was maintained with IPPV, fentanyl 2 ~ g . k g - I  in 
70 per cent nitrous oxide and 30 per cent oxygen. Caudal 
epidural block was performed immediately after induction of 
anaesthesia. Normocapnia (35-40 mmHg) and normothermia 
(36.5 ~ C-37 ~ C) were maintained. Positive end-expiratory 
pressure was avoided. All children were supine and horizontal 
throughout the study. Three MAC multiples of halothane were 
administered in a random order (0.5, 1.0 and 1.5 MAC) until 
steady-state was reached and then cerebral blood flow velocity 
measurements were recorded. Systolic arterial pressure was 
maintained within ten per cent of 0.5 MAC halothane variables 
by intermittent neosynephrine injections. End-tidal concentra- 
tions were adjusted for age by measuring the concentration at the 
distal end of the tracheal tube. 

At each end-tidal concentration, heart rate, systolic arterial 
pressure, cerebral blood flow velocity and the pnisatile index 
were determined, Cerebral blood flow velocity was determined 
using a two megahertz doppler probe (TC2-64B, EMC, Carolina 
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FIGURE Cerebral blood flow velocity vs end-tidal halothane 
described by the expression CBFV = 70.6x 2 + 49.7x 2 (r 2 = 0.39) 
where x is the per cent end-tidal halothane. 
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Medical Electronics, Inc.) positioned through the temporal 
window over the proximal stem (MI segment) of the middle 
cerebral artery. The position of the probe was optimized by 
maximizing the auditory signal from the probe. Velocity was 
calculated based on the first harmonic of the Fourier analysis of 
the doppler waveform. Non-linear regression analysis of the 
halothane versus cerebral blood flow velocity was determined 
and the coefficient of determination (r 2) reported. 

Results 
The mean -+ SD age and weight of the six children were 1.5 -+ 
1.0 yrs and 13.5 -+ 6.63 kg. The relationship between cerebral 
blood flow velocity and halothane was a second-order polyno- 
mial (r 2 = 0.41) (Figure). 

Discussion 
Previous investigators have demonstrated a dose-dependent 
relationship between halothane and cerebral blood velocity in 
adults. 2 The results of this study suppport this observation in 
healthy children as well. 
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Has acupuncture anti-emesis any place in anaesthesia 
practice? 
J.W. Dundee 
Queen's University of  Belfast 

Anti-emetics, although often effective, can cause drowsiness or 
have extra-pyramidal effects. P6 (Neiguan) acupuncture (ACP) 
is a new approach to this problem. Here presented are findings in 
which it has been used in four forms in controlled clinical trials 
and compared with two standard anti-emetics. 

Methods 
The subjects of these studies, approved by the Medical Ethical 
Research Committee were women having minor operations 
under methohexitone-nitrous oxide-oxygen. On obtaining ver- 
bal consent premedication of 10 mg nalbuphine was given IM 
followed immediately by the adjuvant therapy. Patients were 
told that the study aimed at reducing side effects of premedica- 
tion but nausea and vomiting were not mentioned. The study 
involved a no-treatment (control) group. 

P6 point is approximately 5 cm from the right distal wrist 
crease between the forearm tendons of palmaris Iongus and 
flexor carpi radialis: when a needle was used it was inserted to a 
depth of 1 cm. The "dummy" point was at the right elbow. The 
treatments shown in the Table were given in random order. 
Included is the pooled data for two anti-emetics (AE) (cyelizine 
50 mg and metoclopramide 10 mg) also included in the study. 
The active ACP treatments were: m = manual needling for 5 

TABLE Percentage frequency of postoperative sickness 

Postop hours sickness 

0-1 1-6 Overall 

Adjuvants n V N V N V N - 

Nil 56 ll  46 43 14 43 43 25 43 32 
Dummy ACP 31 13 26 61 6 36 58 19 39 42 
P6 ACP 

m 56 12 11 77 0 I1 89 12 11 77 
e 56 3 3 94 10 6 84 13 6 81 
s 93 13 7 80 15 19 66 20 17 63 
x 51 6 2 92 14 27 59 14 29 57 

AE 62 8 10 82 l0 14 76 13 23 64 

rain; e = needle stimulated with 10 Hz for 5 min; s = stud 
applied over point and stimulated as "e"; x = aeupressure for 
5 min and thereafter continued with a wrist band. 

Patients were seen at the end of the first and sixth postopera- 
tive hours when the occurrence of vomiting, including nausea 
and vomiting and retching (V) or nausea alone (N) was noted. 
The person making the assessment was unaware of the treatment 
given. Statistical comparisons were made with the • test. 

Results 
This tightly controlled study demonstrates an appreciable 
anti-emetic activity of P6 ACP. Needling of a dummy point was 
ineffective. Overall there was a marked reduction in the 
frequency of N, but V was also reduced. Most effective were the 
invasive ACPm and ACPe (P < 0.{3001 at all times). With ACPs 
and ACPx the most significant effects occurred in the first 
postoperative hour, but overall these have an effective anti- 
emetic action (s: P < 0.001, x: P < 0.01). 

Invasive ACP was marginally more effective than AE 0-1 
hour (P < 0.01) and 0 - 6  hours (P < 0.05). No side effects were 
seen with ACP. 

Discussion 
lnvasivr ACP requires technical skill and explanation to the 
patient, is time-consuming and must be given at the time of the 
emetic stimulus. Although effective and non-toxic it is unlikely 
to be practised widely but these data show that manual pressure 
by a band applied to the wrist is worthy of more widespread use. 
Its value should be explored where drug-induced sickness can be 
life-threatening. 

Prevention of CO2 induced laser tracheal tube fires with 
the Laser-Guard TM protective coating 
M, Sosis, F, Dillon 
Indiana University School of  Medicine 

We examined the efficacy of a new commercially available, 
self-adhesive, sponge-backed, silver foil product (Laser- 
Guard TM, Americal Corp., Mystic, CT), designed to protect 



ABSTRACTS $89 

tracheal tube shafts from direct exposure to the surgical CO2 
laser beam. 

Materials and methods 
A LaserSonics (Santa Clara, CA) 880 CO2/Nd-YAG laser in the 
continuous CO: mode was used with a Zeiss operating micro- 
scope. The laser was directed perpendicularly at Mallinckrodt 
8.0 mm ID polyvinylehloride tracheal tubes through which 5 
L '  rain- t O2 was flowing. A bare tube served as a control while 
another was protected with the Laser Guard" .  Power settings of 
10 and 70 watts were used. According to manufacturer's 
directions, we wet the sponge layer with water after application 
of the product to the tracheal tube shaft. Laser exposure was 
continued until either combustion occurred, or 60s had elapsed. 

Results 
At 10 W, the plain tracheal tube was penetrated after 50 sec of 
laser exposure. Smoking and minor non-sustained combustion 
accompanied this trial, although no "blowtorch" fire occurred. 
At 70 W, laser exposure to the bare PVC tube resulted in 
combustion and blowtorch fire after only 3 sec. The Laser- 
Guard-covered tube shaft was not significantly damaged by 60 
sec of laser exposure at 10 or 70 W. A small amount of smoke, 
but no flames, were seen. The sponge coating was missing, with 
minimal evidence of thermal decomposition of the sponge in a 
small area surrounding the site of laser impingement, and the 
bare, corrugated silver foil was plainly visible. The foil was 
intact. 

Discussion 
The Laser-Guard TM consists of a 13.5 • 4 cm silver foil layer 
covered with a thin, absorbent, sponge layer. It is designed to be 
an easy-to-use highly resistant barrier to laser radiation. The foil 
is fabricated from silver because this metal has the greatest 
thermal conductivity. The sponge, when moistened, acts as a 
heat sink. The Laser-Guard TM covering protected PVC tracheal 
tube shafts from laser-induced combustion during test condi- 
tions of continuous exposure to CO2 laser light of up to 70 W for 
60 see with 5 L.  ra in- '  02 flowing through the tube. These 
conditions are probably more severe than any that will be 
encountered clinically. The control, a bare PVC ET tube, when 
exposed to these conditions, burned like a blowtorch almost 
immediately. Such tracheal tube explosions are the most 
common and devastating untoward events that may occur during 
laser surgery near the airway. Previous studies have shown that 
flammable tracheal tube shafts may be protected from COz laser 
beam impact by wrapping with either copper or aluminum foil 
tape. These methods, although in common usage, are not 
approved by the manufacturers of the metallic foil tapes, and are 
not approved by government regulatory bodies. The Laser- 
Guard"  was easier to apply than the foil tapes and has been 
specifically designed to protect ET tube shafts from direct COz 
laser impact. The product has governmental approval in the US 
and approval has been applied for in Canada. Neither the 
Laser-Guard nor metallic foils protect the cuff of a tracheal tube 
from eombusion induced by laser radiation. 

A breath-by-breath metabolic monitor: Proof of  utility 
In the hyperthermic pig model 
J.B. Stetson, W.D. Voorhees III, J.D. Bourland, 
L.A. Geddes, W.E. Shoenlein 
Purdue University, West Lafayette, Indiana 

The objective of the study was to document the physiological 
responses to hypenhennia induced by 2 -4  dinitropbenol (DNP) 
in the dog and by halothane in pigs subject to porcine stress 
syndrome (PSS). There was continuous on-line measurement of 
carbon dioxide (CO2) with a Hewlett-Packard capoometer 
(Model #47210-A), of oxygen (02) with an ultraviolet absorp- 
tion analyzer, and of air flow with a heated Fleisch pneumo- 
tachograph (PNT). The output of the PNT was integrated to 
obtain tidal volume (VT) allowing simultaneous computation 
and display of breath-by-breath O2 uptake and CO2 excretion as 
well as respiratory waveform,VT, and minute volume. The 
combination of sensors, electronic processing and display 
equipment was designated a metabolic monitor (MM). The 
animal's systemic blood pressure, and superior vena caval and 
rectal temperature were also measured, recorded, and displayed. 

Adult mongrel dogs were anaesthetized with pentobarbital 
sodium (30 rag- k g -  I). A period of baseline data was recorded, 
then the dogs were challenged with 5-10 m g ' k g  -I  of DNP. 
There was an almost immediate increase in O2 consumption and 
CO2 excretion with a later rise in vena caval and rectal 
temperatures. 

PSS and normal pigs were anaesthetized with thiamylal. A 
period of baseline data was recorded, then the pigs were 
challenged with halothane. PSS pigs exhibited a marked 
increase in O2 consumption and CO2 excretion followed by 
elevation of first SVC, then rectal temperature (see Figure). 

Treatment with dantrolene could often reverse (or stabilize) 
the response; rechallenge with a higher concentration of halo- 
thane reinitiated the pathologic response. Normal pigs (no 
response to halothane) were challenged and rechallenged with 
DNP with less dramatic increases in 02 consumption, CO2 
excretion, and temperature than seen in the dog. 

Administration of succinylcholine (SC) to normal pigs caused 
an immediate increase in O2 consumption and CO2 excretion 
that appeared to correlate with the degree of muscle fascicala- 
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FIGURE PSS pig rechallenged with four per cent halothane. 
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tion. Repeat doses of SC caused minimal fasciculation and 
minimal changes in O2 uptake and CO2 excretion. This 
observation suggests trial of the MM as a tool to evaluate 
pretreatment regimens to prevent SC pain. Use of the MM as a 
possible tool to differentiate true shivering from anaesthetic 
muscle shakes (and effects of therapy) seems warranted. The 
MM can also recognize induced air emboli; we are currently 
determining the degree of sensitivity, 

In summary, we have developed a practical metabolic 
monitor that will have multiple uses in the operating suite and 
intensive therapy units. We are upgrading and miniaturizing the 
components. As development continues, modes for fflcasuring 
further parameters will be added. 

These studies have been supported in part by the National 
Institutes of Health, Grant #HL37345. 

Prevention of shivering after cardiac surgery using radiant 
heat 
G. O'Leary, S. Teasdale 
University of  Toronto 

Postanaesthetic shivering (PAS) represents a significant haemo- 
dynamic and metabolic stress following cardiac surgery. 
Animal I and human 2 studies describe the cessation of PAS 
following the application of radiant heat to the skin, especially to 
the blush area, even if the core temperature remains low. We 
performed a prospective randomized trial comparing rewarming 
with a radiant heater with rewarming with a warming blanket 
immediately following cardiac surgery to prevent PAS. 

Methods 
Seventy patients undergoing elective coronary bypass or valve 
surgery gave written informed consent to the institutionally 
approved protocol. Anaesthesia was induced and maintained 
with fentanyl (75-100 p.g.kg i), pancuronium and oxygen. 
After arrival in the intensive care unit patients were rewarmed 
with either a warming blanket (Aquamatic K thermia, Model RK 
600, Hamilton Industries), or radiant heater which were set at 
38 ~ C. The heater was constructed by our Department of 
Medical Engineering and consisted of a linear arrangement of 
three infrared lamps (total 625 watts) on an overhead stand, 
which was placed 18 inches over the sternum and centered on the 
trunk. A scrvo negative feed-back system was incorporated to 
reduce the risk of skin bums. Both the warming blanket and 
radiant heater were discontinued when the core temperatures 
reached 38 ~ C. 

Nasal, Swan Ganz, rectal and toe temperatures were recorded 
hourly for the six-hour duration of the study and observations 
were made by one of two investigators who graded the severity 
of shivering on a scale of 0 to 4 with 0 = no shivering, 1 = 
occasional mild tremors in the jaw and neck, 2 = intensive 
tremors in the chest, 3 = intermittent vigorous generalized 
tremors, and 4 = continuous violent muscle activity. Shivering 
graded 2 or more and of 5 rain duration was treated with 
morphine 0.05 mg- kg -~ and diazepam 0.07 mg" kg -I. This was 
repeated once if required. Persistent or recurrent shivering 
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TABLE 

Warming blanket Radiant heater 

Age 56- + 11 61--.I I 
Male/female 30/6 26/8 
CPB duration 97-+26 103• 
CPB lowest NP temperature 26+2 26"4"2 
ICU admission temperature 

Swan-Ganz 35-+0.9 35• 
Nasal 34• 34-+0.7 

thereafter was treated with vecuronium 0.1 mg" kg- i. Statistical 
analysis was performed using Yates corrected Chi square and 
Fisher exact tests. 

Results 
Demographic data (Table) and time to reach desired core 
temperature were similar for both treatment groups. In the 
radiant heater group 5t34 versus 16,'36 in the warming blanket 
group received vecuronium for persistent PAS. 

Conclusion 
Neither radiant heater nor warming blanket treatment eliminated 
PAS post-cardiac surgery. Although rcwarming was equally 
effective in both groups, PAS was significantly less (P = 014) in 
the radiant heater group. 
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Idiopathic postoperative delirium in the elderly 
R.L. Knill, E .A Rose, S.L. Berko 
University of Western Ontario 

A disturbance of mental function often seen in the elderly during 
the first week after surgery is "'delayed delirium" or "interval 
psychosis." Although the occasional case can be attributed to a 
specific aetiology most appear without obvious cause, i.e., they 
are idiopathic. The aim of this study was to determine the 
incidence of idiopathic delayed delirium in the elderly and to 
assess its relationship to (1) patient characteristics, (2) the 
anaesthetic/surgical procedure, and (3) elements of the postop- 
erative course. 

Methods 
We conducted a prospective epidemiological survey of 239 
patients aged 65 years and older entering hospital to undergo 
elective surgery not involving the lungs, heart or brain. We also 
surveyed 100 newly hospitalized patients not undergoing sur- 
gery but of the same age. Excluded from both groups were 
patients with an acute infective, metabolic or neurological 
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disorder; a history of delirium or dementia; or the potential for 
ICU admission. All were followed through one week after 
surgery or admission for the development of idiopathic delirium. 
Delirium was identified by standard criteria and idiopathic 
delirium by excluding cases with clinically detectable cause. For 
all patients, we recorded comprehensive data on (1) personal 
characteristics - e.g.,  age, sex, medical history, concurrent 
medication; (2) the anaesthetic and surgical procedure - e.g., 
type of anaesthesia (local, regional or general), type of surgery, 
duration, intraoperative blood pressure change; and (3) the 
postoperative or post-admission course - e.g., sedative/narcotic 
use, complications. We then examined the relationship between 
idiopathic delirium and the various recorded factors, using a 
multiple linear regression analysis. We also examined the 
recorded factors in cases and controls matched for agc, sex and 
procedure. 

Results 
Idiopathic delirium appeared in 29 or 12 per cent of the surgical 
patients and in one or one per cent of the non-surgical group (P < 
0.01). The incidence after surgery increased with age. The 
postoperative cases fell into two distinct types: (I) an "early 
onset" type, in which delirium appeared on the operative night 
only, and (2) a "late onset" type, in which delirium developed 
between the second and fourth postoperative day and lasted 
variably up to three days. Each type related to one factor in both 
regression and case control analyses; the "early" cases to hearing 
impairment (8/11 vs 2/I 1 in matched controls, P < 0.05); and 
the "late" cases to the amount of narcotic given after recovery 
through the first postoperative day (0.68 --- 0.30 mg 
morphine, kg-  i vs 0.48 • 0.28 in matched controls, P < 0.05). 

Hazards of a new specially designed plastic endotracheal 
tube for the use with the Nd-Yag laser 
M. Sosis, F. Dillon 
Indiana University School of  Medicine 

Nd-YAG laser radiation is not absorbed by clear plastic, water or 
glass. The use of conventional polyvinylchloride tracheal tubes 
during Nd-YAG laser surgery on the airway has been considered 
dangerous because the lettering and radio opaque parts of the 

tube can absorb laser energy and induce endolracheal tube fires. 
Sheridan has designed a special clear polyvinylchloride tracheal 
tube free of any markings, or colouration. We evaluated the 
flammability of these clear tracheal tubes when exposed to the 
Nd-YAG laser beam. 

Materials and Methods 
Clear nonmarked polyvinylchloride tracheal tubes 8.0 mm or 
9.0 mm ID (Sheridan YAG Tracheal Tube, Sheridan, Corp., 
Argyle, NY, USA) were studied. A LaserSonics (Santa Clara, 
CA, USA) model 880 Nd-YAG laser, coupled to a Zeiss (W. 
Germany) model $2 operating microscope was used in all trials. 
The laser was set 1o 70W in the continuous mode with a beam 
diameter of 0.68 mm. Five L.  rain -~ of O2 was directed through 
the polyvinylchloride tracheal tube which rested on wet towels 
in air. A conventional 8 mm polyvinylchloride endotracheal 
tube (Mallinckrodt Critical Care, Glens Fall, NY, USA), was 
also studied to assess the Nd-YAG laser-induced combustibility 
of these tubes. The endpoints of all trials were either tracheal 
tube fire or explosion or 60 sec of laser fire. The Sheridan tubes 
were evaluated as received and also when covered with blood, 
proteinaceous secretions or benzocaine ointment. 

Discussion 
We conclude that idiopathic delayed delirium is a very common 
complication of surgery. It has no detectable relationship to type 
of anaesthesia nor type of surgery. Rather, it seems linked to age 
and undergoing an operation and, more specifically, to hearing 
impairment and postoperative narcotic therapy in early and late 
onset cases respectively. The relationship to hearing loss may 
reflect the practice of removing bearing aids for the operative 
day, thereby creating a type of sensory deprivation.t The rela- 
tionship to narcotic therapy may be due to effect of narcotic on 
sleep, leading to nights of highly intense REM sleep. 2 Both acute 
sensory deprivation and intense REM sleep could precipitate 
delirium in the elderly. 
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Results 
The Mallinckrodt polyvinylchloride tracheal tube was not 
perforated and did not burn after 60 sec of 70 W laser radiation 
was directed at an unmarked portion oftbe tube. When the 70 W 
beam was directed at a black printed letter on the tube, 
combustion resulted in 2.6 see. The Sheridan YAG tracheal tube 
was unaffected by 60 sec of laser radiation. When benzocainc 
ointment was applied to the tube, and laser-fired, the ointment 
melted but did not bum, nor did the Sheridan tube. When drops 
of blood were applied to the outside of the Sheridan tube and the 
70 W Nd-YAG beam directed at them, tracheal tube explosion 
resulted in 5.2 see. Similarly, small amounts of blood inside the 
tube, when so exposed, caused tracheal tube explosion in 5.75 
sec. Saliva and mucus from a healthy volunteer, applied to the 
outside of the Sheridan tube allowed laser-induced tracheal tube 
explosion in 5.46 sec. However, similar secretions applied to the 
inside of the tube did not cause combustion or perforation even 
after 95 sec continuous laser exposure, although the secretions 
were blackened. 

Discussion 
Small amounts of blood, or proteinaceous secretions adherent 1o 
the Sheridan YAG Tracheal Tube allowed it to burn on contact 
with Nd-YAG laser radiation. Geffin et aLi have shown that 
markings on a clear polyvinylchloride tracheal tube increase the 
likelihood of Nd-YAG laser-induced tracheal tube combustion. 
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Our results confirm this finding. It would appear that the absence 
of markings, colouration or opacity on the Sheridan YAG 
Tracheal Tube offers a theoretical, but not a practical, safety 
advantage with regard to tracheal tube explosion. If  polyvinyl- 
chloride tracheal tubes are used during laser surgery on the 
airway, they should be protected with metallic adhesive foil .2 
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The effect of pretreatment  with nondepolarizing muscle 
relaxants on succinylcholine induced increases in resting 
jaw tension in children 
C.E. Smith, J.M. Sadler, J.C. Bevan, F. Donati, D.R. Bevan 
Cleveland Clinic Foundation, Cleveland, Ohio, Royal 
Victoria Hospital, Montreal 

Succinylcholine has been reported to cause increased jaw 

muscle tension in adults ~ and reduced mouth opening and 
increased jaw stiffness in children. 2 This study was designed to 
determine whether pretreatment with d-tubocurarine or atracar- 
ium prior to the administration of succinylcholine could prevent 
increases in jaw muscle tension. 

Methods 
Institutional approval and informed parental consent were 
obtained. Twenty-one unpremedicated ASA physical status 1 
children, aged three to ten years, undergoing elective day care 
surgery were studied. Anaestbesia was induced with halothane 
and N20 66 per cent in O2, or thiopentone 5-7 m g ' k g  -~ IV. 
Atropine 0.01 rag. k g -  t IV was then administered, and tracheal 
intubation was performed under deep halothane anaesthesia. 
Supramaximal train-of-four stimulation was applied to the ulnar 
nerve at the elbow, and to the mandibular branch of the 
trigeminal nerve inferior to the zygomatic arch. anterior to the 
madibular condyle. Stimulation of the trigeminal nerve resulted 
in masseter contraction and jaw closure which was measured by 
a force transducer system attached to both an oral airway and a 
metal frame fixed to the operating table 10 cm caudad to the 
chin. After stabilization of adductor pollicis and masseter 
muscle twitch, seven patients in each group received by random 
allocation either a sub-paralyzing dose of d-tubocurarine, 0.05 
m g ' k g  -k, a paralyzing dose of atracurium, 0.5 m g ' k g  t or 
saline, 0.02 ml" kg -I , followed three minutes later by succinyl- 
choline 1.0 mg.  kg-L Time to onset, maximum effect and 
duration of succinylcholine-induced changes in baseline tension 
were measured and compared using the Student's t test with the 
Bonferroni correction where applicable. The frequency of 
occurrence of muscle fasciculations and increased tension were 
also noted. Results are expressed as mean values - SEM. A P 
value < 0.05 was considered significant. 

TABLE Increase in massetcr muscle tension after succinylcholine 
administration means + SEM. 

Saline d-Tubocurarine Atracarium 
(n = 7) (,t = 7) (n = 7) 

Maximum tension (g) 59--- 13 47--- 15 3---3* 
Time to onset (rnin) 0.3-+.05 0.3-.07 0.03_~.03 * 
Duration (rain) 1.7+0.7 1.7--.0.7 0.1---0.1' 

�9 P < 0.05. 

Results 
The groups were similar with respect to age, weight and height. 
There were no differences in the resting and control twitch 
tensions between the three groups for each muscle. There was no 
change in twitch height following d-tubocurarine or saline. All 
patients had complete neuromuscular block at both muscles 
within 1 min following succinylcholine, and within 1-2 rain 
after atracurium. At/patients in the d-tubocurarine- and saline- 
treated groups experienced similar increases in masseter tension 
after succinylcholine, compared with only one patient in the 
atracurium group (Table). The onset and duration of masseter 
tension increases in the d-tubocurarine and saline groups were 
similar. Maximum resting changes occurred during maximal 

twitch depression, Five patients (all in saline group) had muscle 
fasciculations. 

Discussion 
There is ample evidence that muscle fasciculations following 
succinylcholine are a pre-synaptic phenomenon. The fact that 
pretreatment with d-tubocurarine prevented fasciculatioas with- 
out effecting increases in masseter baseline tension due to 
succinylcholine suggests that the latter is a post-synoptic event. 
Furthermore, blocking the post-synaptic receptors with a para- 
lyzing dose of atracurium did prevent the increase in massetcr 
muscle tension. This suggests again that we are dealing with a 
post-synaptic phenomenon. 
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Dose-dependent prolongation of succinylcholine block 
by Metoclopramide 
J. Tellez, D. Turner, Y.J. Kao 
Texas Tech University Health Sciences Centre, Lubbock, 
Texas 

Metoclopramide (MCP) is frequently administered m patients 
considered to be at increased risk of aspiration in the periopera- 
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Groups II and III was also statistically significant (P < 0.01) 
(see Figure). 

Summary 
Metoclopramide prolongs the duration of succinylcholine block 
(1 m g ' k g  -t) in the puerperal patient in a dose-dependent 
manner, producing increases in block times of 23 and 56 per cent 
over controls when 10 or 20 mg IV ate administered 60 minutes 
prior to induction. It may be advisable, depending on the clinical 
situation, to reduce the succinylcholine dose in patients being 
treated with MCP, 

Reference 
l Vacca C, Malone S, Tozzi A, Marine E. Benzamides and 

eholinesterases. Chem Path Pharmacol 1987; 193-201. 

FIGURE 

tire period in order to decrease the volume of gastric contents 
and the incidence of postoperative nausea and vomiting. These 
same patients are also candidates for rapid sequence induction, 
and therefore MCP and suecinylcholine (Sch) are frequently 
administered concurrently. Since MCP has been found to inhibit 
plasma cholinesterase, ~ its interaction with Sch may be clinically 
important. 

Methods 
This study was approved by the Institutional Review Board of 
the Texas Tech University Health Sciences Center. Informed 
consent was obtained from all patients. 

Fifty patients scheduled for postpartum tubal ligations (within 
48 hours of delivery) were included in the study. Group I 
(control, n = 21) received no premedieation. Group 1I (n= 19) 
and Group II1 (n= 10) received IV metoclopramide, l0 and 
20 mg respectively, one hour prior to the procedure. Anaesthesia 
was induced with thiopentone, 4 mg.  kg- I, and succinylcholine, 
1 mg" kg- ~. Muscle relaxation was measured by a Datex Neuro- 
muscular Transmission Monitor (NMT-Puritan Bennett, Inc.), 
which delivered a TOF supramaximal stimulus at 2 Hz to the 
ulnar nerve every ten seconds. Sensing electrodes measured the 
electromyographie (EMG) activity in the adductor pollicis 
muscle and it was then plotted graphically as a percentage of 
control. The time from the onset of 95 per cent depression of 
baseline twitch height to 25 per cent recovery was called the 
"block time." Data for all three groups were analyzed using the 
Newman-Keuls multiple range test. 

Results 
The mean duration of block for the control group was 8.0 
minutes. Group II (metoclopramide 10 mg IV) had a mean block 
time of 9,83 minutes, and Group Ul (20 mg IV) 12.45 minutes. 
The mean block times for Groups II and HI were significantly 
longer than that of the control group (P < 0.05) and P < 0.01, 
respectively). The difference in mean block times between 

Effects of sevoflurane and halothane on hepatic blood 
flow in rats 
M.A. Pilate, V. Salidivia, L. Roldan, H. Orrego, 
F.J. Carmicheal, J. Lerman 
University of Toronto 

Sevoflurane, a new inhalational agent, has been shown to 
maintain cardiovascular stability in an animal model. However, 
its effect on liver blood flow is undetermined. Therefore, we 
compared the effects of sevoflurane and halothanr on liver blood 
flow in adult rats. 

Methods 
After approval from the local Animal Care Committee, 32 fasted 
male Sprague-Dawley rats weighing 240-290 g were studied. 
MAC for sevoflurane and halothane were determined using the 
standard tail clamp technique. ~'2 The rats were anaesthetized 
with ether and the femoral and carotid arteries were cannulated. 
The carotid eannula was advanced into the left ventricle. After 
the rats were allowed to recover for three hours, they were 
placed in cylindrical plexiglass chambers. Heart rate and mean 
arterial pressure were monitored continuously. One hundred 
per cent oxygen was administered at 5 L" min "u . Before induc- 
tion of anaesthesia, STCo-labelled microspheres were injected 
into the left ventricle and heart rate and mean arterial pressure 
were recorded (control measurements). Anaesthesia was then 
induced with either sevoflurane or halothane in I00 per cent 
oxygen. Anaesthetic concentrations were monitored using a 
calibrated Beckman LB2 analyzer and adjusted to deliver 
1 MAC. After 30 minutes of anaesthesia, repeat haemodynamie 
measurements were recorded and 46Sc-labelled microspheres 
were injected. A reference blood sample (0.6 ml) was with- 
drawn from the femoral artery during each mierosphere injection 
to determine the cardiac output (CO). The blood samples were 
replaced with Ficoll (0.3 ml of 13 per cent solution). The rats 
were then killed, and the gamma counts were measured in the 
stomach, spleen, small intestine, large intestine, mesentery and 
liver. 
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TABLE 

Sevoflurane Halothane 

TABLE 

VB Clapp T~B 
(ml.kg -I) (ml.kg-lmin -i) (rain) 

Control 1 MAC Control 1 MAC 
Atracuriurn 

Cardiac output 258 "- 66 205* .4- 70 244 • 72 171" -+- 40 Young 
PVBF 44.7 • It 32.8 • 12 42.7 • 10 25.8* -+ 7 Elderly 
HABF 9.1 .4- 5.0 19.8"t .4- 6.2 7.1 .4- 3.0 12.4" • 5.0 
TLBF 53.8 • 10 52.6 • 9.0 49.8 • 10.0 38.2 • 9.8 Laudanosine 

Young 
Data arc means • SD. A]I flows are ml. kg -1. rain- i. ,p < 0.05 Elderly 
compared with controls, l'P < 0.0l compared with controls. 

Calculations 
Cardiac output was calculated from the net counts injected times 
reference sample withdrawal rate divided by the net counts in the 
reference sample times the body weight. Organ blood flow was 
calculated from the net counts in the organ divided by the net 
counts injected times CO. Portal venous blood flow (PVBF) was 
calculated from the sum of the blood flow to the stomach, spleen 
and small and large intestines (including pancreas and omen- 
tum). Hepatic artery blood flow (HABF) was calculated from 
the counts in the liver. Total liver blood flow (TLBF) was the 
sum of PVBF and HABF. 

Statistical significance (P < 0.05) was determined using 
paired and unpaired Student's t-test. 

Results 
The MAC of sevoflurane was 2.8 per cent and that of halothane 
was 1.1 per cent. Sevoflumne (1 MAC) decreased CO by 20 per 
cent and PVBF by 26 per cent, but increased HABF by 115 per 
cent (P < 0.05) (Table). Sevoflurane did not decrease TLBF. 
Halothane (1 MAC) decreased CO by 30 per cent (Table) and 
PVBF by 40 per cent, but increased HABF increased by 75 per 
cent (P < 0.05). Halothane decreased TLBF by 24 per cent. 

Discussion 
Sevoflurane increased HABF to a greater extent than halothane, 
and decreased PVBF to a lesser extent than halothane. In this 
animal model, sevoflurane acts similar to isoflurane in preserv- 
ing TLBF. Further studies are required to determine whether 
sevoflarane maintains liver blood flow in rats with impaired 
liver function. 
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The pharmacokinetics of atracurium and laudanosine 
in the elderly 
A.P. Kent, C.J.R. Parker, J.M. Hunter 
Royal Liverpool Hospital, Liverpool, England 

Many non-depolarising muscle relaxants have a prolonged 
duration of action in the elderly, thought to be due mainly to 

172.4 - 34.2 5.94 --. 0.92 20.1 .4- 1.96 
199.7 -+ 50.8 NS 5.95 • 0.79 NS 23.1 - 3.83* 

1729.8 --- 317.3 7.29 --. 1.69 173.1 • 56.5 
1505.1 -+ 484.9 NS 4.85 • 2.00* 229.2 • 54.4* 

*P < 0.05; NS = not significant; using Wilcoxon Rank InSt. 

decreased renal clearance together with decreased hepatic 
metabolism. This phenomenon has been demonstrated with 
d-tubocurarine, paneuronium and metocurine.l'2 As the elimi- 
nation of atracurium is thought to be largely independent of renal 
and hepatic function it was decided to study the pharmacokinet- 
ics of this drug in the elderly and compare the results with a 
group of young adult patients as controls. In addition, as one of 
the important metabolites of atraeurium, landanosine, probably 
does depend on the kidney and the liver for its excretion in man it 
was decided to study the pharmacokinetics of this metabolite 
simultaneously. 

Eleven elderly patients were studied, with a mean age of 80.9 
years (range 71 to 97 years) and ten young patients, mean age 
23.8 years (range 17 to 32 years). After induction with 
thiopentone, anaesthesia was maintained with N20/ 
O2/enflurane. All 21 patients were then given a bolus dose of 
atracurium 0.6 rag '  kg -j .  Samples of blood were taken from the 
opposite arm at 2, 4, 6, 8, 10, 15, 20, 25, 30, 45, 60, 75, 90, 
120, 150, 180, 210, 240, 270, 300, 360, 420 and 480 minutes 
after the bolus dose. Plasma atraeurium levels were measured 
for 120 minutes and plasma laudanosine levels at all the stated 
times, according to the method previously described by Parker 
and Hunter)  No further dose of atracurium was given. 

The derived pharmacokinetic parameters for atracurium are 
given in the Table. The T�89 was significantly longer in the 
elderly group of patients, but there was no significant difference 
for the other parameters using the unpaired Wilcoxon rank test. 
In contrast, the clearance of laudanosine was significantly 
reduced and the T~B significantly longer in the elderly group. 

The m e a n  volume of distribution (VB), apparent clearance 
(Clapp) and terminal half-life (TtB) together with the standard 
deviation for both atracurium and laudanosine in the elderly and 
young are given in the Table. 

Conclusion 
With atracurium, the terminal half-life (TIB) was the only 
pharmacokinetic parameter found to be altered in the elderly, 
suggesting possibly some metabolism and excretion of this 
short-acting relaxant. However, with laudanosine the clearance 
(Clapp) is significantly reduced and the elimination half-life 
(TtB) significantly prolonged in the elderly. This finding might 
be of clinical importance in elderly patients treated with large 
doses of atracurium in an ICU. 
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The effect of oral ranitidine and preoperative oral fluids 
on gastric fluid pH and volume in children 
G.A. Finley, B. Bissonnette, G.V. Goresky, K. Klassen, 
L Lerman, C. McDiarmid, M. Pilate, E. Shaffer 
Dalhousie University, University of  Calgat3,, University of 
Toronto 

Many children who fast before elective surgery are at risk for 
pneumonitis flowing gastric fluid aspiration. ~ A number of drug 
and fluid regimens, including intravenous ran/t/dine taken 
orally, 2'3 have been studied in an attempt to reduce this risk. 
This study was undertaken to evaluate the effect of an oral liquid 
preparation of ran/t/dine, with or without oral fluids, on gastric 
fluid pH and volume. 

Methods 
A multi-centre prospective randomized trial was undertaken 
after approval by the respective ethics review committees. 
Written informed consent was obtained from the parents of 240 
children (ASA physical status 1 or ll) scheduled for elective 
minor surgery, Patients with gastrointestinal disease or receiv- 
ing regular medications were excluded. At least two hours 
before surgery, the children received one of four drag/fluid 
regimens, based on prior randomization: group A - apple juice 5 
m l ' k g  -I  + placebo; group B - apple juice 5 ml .kg  - j  + 
ran/t/dine; group C - water 5 ml + placebo; group D - water 5 
ml + ran/t/dine 2 m e '  kg -I. The investigators were blinded to 
the presence of ran/t/dine or placebo. All the children received 
I ml (50 mg) of a non-absorbable marker dye, salfobromoph- 
thalein (BSP). After induction of anaesthesia, each child's 
stomach was intubated and aspirated with a ]6-gauge multi- 
orifice tube (Salem Sump | and the gastric fluid volume was 
measured and tested for pH with a calibrated pH meter. The fluid 
was then frozen for spectrophotometric measurement of BSP 
concentration. Statistical significance was determined using a 
one-way ANOVA. 

Results 
Preliminary results from 136 children are presented. The groups 
were comparable for age, weight, sex, and fasting time prior to 
administration of the study preparations (10 - 0.3 hours). 
Gastric fluid pH was significantly greater in both ran/t/dine 
groups than in the placebo groups and gastric fluid volume was 
significantly less in both ran/t/dine groups than in the juice/ 
placebo group (Table). Fifteen per cent of patients in the two 
ran/t/dine groups had the combination of gastric fluid pH less 
than 2.5 and volume greater than 0.4 ml" kg, as compared to 50 
per cent in the j uice/placebo group (P < 0.05). Recovery of BSP 
from the gastric contents ranged from 0.004 to 1.94 per cent, 
with no clinically significant retention of the preoperative fluids 
nor any statistically significant differences in volume among the 
four groups (Table). 

TABLE (mean --. SE) 

Volume 
Druglfluid regimen [ml. kg-I] pH %BSP 

A (juice/placebo) 0.46-+0.09 * 1.81-+0.12" 0.135"0.032 
B (juice/ran/t/dine) 0.24-+0.04 3.61-+0.39 0.149-+0.037 
C (water/placebo) 0.40• 2.06+0.23 * 0.097-+0.014 
D (water/ran/t/dine) 0.25-"0.03 3.64---0.40 0242-+0.090 

�9 P < 0.05 compared to groups B and D. 

Discussion 
These preliminary results indicate that the oral liquid preparation 
of ran/t/dine (2 m g . k g - t ) ,  given at least two hours before 
surgery, significantly increases gastric fluid pH. In view of the 
dominant role of pH in determining the severity of aspiration 
pneumonitis, 4 the preparation appears to be of clinical benefit. 
Furthermore, these results suggest that administration of clear 
fluids (apple juice) 5 ml.  kg -  1 up to two hours preoperatively is 
not associated with an increase in gastric fluid volume or a 
decrease in pH in elective paediatric surgical patients. 

This study was supported by a grant from Glaxo Canada lnc. 
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Reversibility of intermediate acting continuous infusion 
muscle relaxants: vecuroninm equals atracurium 
W.S. Beattie, D.N. Buckley, J.B. Forlest 
McMaster University 

Continuous infusion of the intermediate-acting muscle relaxants 
offers a stable and easily controllable level of muscle relaxa- 
tion. 1,2 However, accumulation of drug and difficulty in reversal 
of the blockade may occur. The present study is a double-blind 
comparison of the neuromuscular and haemodynamic changes 
that occur after neostigmine/glycopyrrolate reversal of atracur- 
ium or vecuronium given by infusion. 

Methods 
Institutional ethics approval and informed consent were ob- 
tained. Twenty ASA physical status I or II patients were 
randomly assigned to receive either atracurium or vecuronium. 
Patients receiving medications known to inmrfere with muscle 
relaxants were specifically excluded. No patient received 
premed/cation. Anaesthesia was induced with sufentanil 
0.5 Ixg' kg -] and 2-5  mg .  kg - t  thiopentone, and maintained 
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FIGURE 

with NzO/O z (FIO2 = 30 per cent) and isoflurane as required. 
The Puritan Bennett NMT 221 was calibrated and a stable 
baseline obtained prior to administration of atracurium or 
vecuronium. Over 60 seconds, either atracurium 0.5 mg '  kg -j  
or vecuronium 0.15 mg" kg -t  was given. When T~ returned to a 
level of five per cent of control, infusions were started using an 
IVAC 570 infusion pump. Starting dosage for atraeurium was 
8 p-g" kg- t '  min- ~ and for vecuronium I p-g. kg- t- ra in- I  Infu- 
sion rates were adjusted up or down in 25 per cent increments to 
maintain T~ at five per cent of control. Sufentanil was given (10 
p,g) as required for analgesia. At the end of surgery, neostigmine 
50 p-g.kg -I and glycopyrrolate 7 p-g'kg -I were administered 
IV. Anaesthesia was continued until Tt had achieved 90 per cent 
of its control value. Heart rate, blood pressure, Tt per cent of 
control and TOF per cent were recorded at 0, 30. 60, 120, 300 
and 600 seconds after administration of reversal agents. Analy- 
sis of data was by unpaired t test (significance level P - 0.05). 

Results 
Groups were comparable for age and sex. The duration of 
infusion was 146 + 30 rain for atracudum and 157 -- 26 rain for 
vecuronium. The atraeurium infusion rate was 93 -+ 4 per cent of 
the initial value at the time of reversal whereas the vecuronium 
infusion was significantly lower at 62 • 6 per cent. The Figure 
shows the return of twitch height. The rate of recovery of T~ or 
TOF was not different between the two d~gs  reaching 90 per 

TABLE 

C A N A D I A N  J O U R N A L  OF A N A E S T H E S I A  

Heart rate -+ SEM Blood pressure -+ SEM 

Time Atracurium Vecuronium Atracurium Vecuronium 

Cont 66.8---7 81.8---8 113-+12 121+-21 
30 70.4-+6 91.6-+11 115+ 13 120-+19 
60 77.4"+8 94.2--- 12 117.8 • 12 123.2-*- 18 

120 82.0-+9 87.8-+ 11 119,6- + 14 125"t"21 
300 75.0-+7 80-+ 12 119-+9 124-+20 
600 69-+6 77-+9 113-+10 124.8-+18 

cent by about 12 rain. The haemodynamic results are shown in 
the Table. Baseline heart rate was similar. Neostigmine/ 
glycopyrrolate caused a significant increase in heart rate with 
both drugs between 30 and 60 seconds but no change in blood 
pressure. 

Discussion 
The results of this study show that when twitch depression is 
maintained at 95 per cent, there is no difference between 
vecuronium and atracurium in reversal of blockade or haemo- 
dynamic response to reversal. When compared with historical 

controls, reversal is achieved more quickly than with conven- 
tional blockade with pancuronium? There is a tendency to 
reduce the dosage over time to maintain a constant block and this 
is greater with vecuronium. Continuous infusion of these drugs 
offers reliable, controllable and easily reversible muscle block- 
ade. The choice of drug does not appear to be important when 
block is maintained at a constant therapeutic level. 
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Patient controlled analgesia provides more effective 
postoperative pain control following pectus excavatum 
repair in children than does conventional narcotic therapy 
L.M. Broadman, M. Vaughan, L.J. Rice, J. Randolph 
George  Washington University 

The purpose of this study was to compare the morphine 
requirements for children receiving traditional modalities of 
narcotic administration following poctus excavatum repair with 
children receiving PCA morphine. 

Methods 
Twelve consecutive patients 10-18 years old undergoing pectus 
excavatum repair received PCA. These children were allowed to 
self administer morphine sulfate 0.02 mg" kg -  t IX/as frequently 
as every 15 minutes. Twelve historical controls matched by age, 
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TABLE mg �9 kg- ~. hr-~ morphine following pectus excavatam repair 

Controls 
Postop Nursing (morphine PCA Level of 
day shift equivalents) morphine significance 

DOS EOS 0.019 0.030 P < 0.025 
1 Days 0.020 0.035 P < 0.005 
2 Days 0.015 0.029 P < 0.06 

Eves 0.012 0.029 P < 0.006 
3 Eves 0.006 0.019 P < 0.035 

sex, weight and duration of hospitalization were employed to 
compare the subjective quality of their postoperative analgesia 
as well as their narcotic utilization expressed in subcutaneous 
morphine equivalents (SME)/hour with the PCA patients. The 
PCA children had their pain intensity monitored by the ward 
nurse every four hours using a linear analogue pain scale and all 
were exit interviewed in regards to their satisfaction with their 
pain management. The historical controls received either IM 
injections of morphine or meperidine Q 3 -4  h PRN for 24 to 48 
hours after surgery, followed by PO meperidine or codeine. The 
following narcotic doses are considered to be equivalent to 
morphine 10 mg SC: meperidine 100 mg 1M, meperidine 200 
mg PO, and codeine 200 mg PO. t 

The mean dosages of IV PCA morphine and SME were 
calculated as mg- kg - t  �9 hr- l  and differences between the two 
groups were analyzed using analysis of variance. 

Results 
The amount of IV morphine utilized by children in the PCA 
group was significantly greater than the SME received by the 
controls from the evening of surgery (EOS) until the evening of 
the third postoperative day (P < 0.0001). Morphine utilization 
differed for the two groups by as much as 1.5-3 times during 
five shifts over the first 72 postoperative hours (Table). There 
was no significant difference in morphine utilization for the two 
groups following the evening of the third postoperative day. 
Eight of 12 children in the control group (75 per cent) voiced 
complaints regarding pain or inadequate analgesia. None of the 
children in the PCA group had such complaints nor did they 
experience any difficulty using the pump. 

Discussion 
Children who received PCA morphine following pectus ex- 
eavatum repair used substantially more morphine and had 
subjectively better pain relief than did comparable controls 
who received PRN narcotic analgesics. Both groups were 
troubled by narcotic-related complications such as nausea, 
abdominal cramping and constipation. The disparity in the 
amount of narcotic analgesics received by the control group is 
only magnified by the fact that their narcotic utilization is 
expressed in terms of SEM. For statistical purposes, this route of 
administration, SEM, was considered to be equivalent to the IV 
route (PCA morphine). It would appear that PCA morphine 
administation is superior to IM/PO PRN narcotics for use in pain 
control following poctus repair, and that children in the control 
group who received PRN narcotics were undermedicated. 
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Effect of endrophonium priming on reversal of 
atracurium neuromuscular blockade 
J.E. Szalados, F. Donati, D.R. Bevan 
McGill University 

Antagonism of atracurium-induced neuromuscular blockade has 
been reported to be accelerated by the administration of 
edrophonium in divided doses: a "priming effect. ' 'l However, 
the measured onset of neuromuscular blockade is affected by the 
type of stimulation used. 2 Thus, recovery times could also be 
affected by the type of stimulation. The purpose of this study 
was to assess the effect of priming with edrophonium, using two 
methods of stimulation, train-of-four (TOF) and single twitch 
(ST). 

Methods 
The protocol was approved by the Hospital Ethics Committee. 
Twenty adult patients, ASA physical status I and II and 
scheduled for elective surgery were studied. Anaesthesia was 
induced with thiopentone 3-5 m g ' k g  - t ,  and fentanyl 1-2 
p,g.kg - t  and maintained with 70 per cent nitrous oxide and 
0.5-1 per cent end-tidal enflurane in oxygen. Train-of-four 
stimulation was applied to both ulnar nerves every 12 s, and the 
force of adductor pollicis contraction was measured. Atracurium 
0.5 m g ' k g  -t  was given. When the first twitch f i t ) ,  had 
recovered to one per cent of control, one arm, randomly 
allocated, received ST stimulation every 12 s, while TOF was 
continued on the other. When the mean value of T1 and ST 
reached 10 per cent, edrophonium 1 m g '  kg -I was given either 
as a single dose or as a divided dose of 0.2 mg �9 kg I followed by 
0.8 rag" kg-  13 rain later. The value of TI was compared with that 
of ST in the other arm using the paired Student's t-test. The 
effectiveness of priming was assessed by comparing ST, TI, and 
TOF ra~os (T4/TI) in the groups given edrophonium in single 
against divided doses using unpaired Student's t-test. A P < 
0.05 was considered significant. 

Results 
The recovery measured by TI was not different from that using 
ST (Figure 1), with or without priming. The patients who 
received a divided dose of edrophonium had a slower recovery 
until the second dose was given. Between 5 and 10 min 
following the first dose of edrophonium, no significant differ- 
ences were detected between the primed and unprimed groups 
(Figures 1 and 2). At ten minutes, TOF was 68 -+ 3 percent and 
64 --. 3 per cent respectively (NS). 

Discussion 
This study demonstrated that the time course of neuromuscular 
blockade reversal was not affected by the type of stimulation 
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The effect of thiopental on the incidence of massetcr 
muscle rigidity following succinylcholine in infants 
and children 
V.A. Lazzcll, J. Lerman, F.A. Burrows, R.E. Creighton 
University of Toronto 

The routine use of succinylcholine (Sch) in paediatric anaesthe- 
sia, particularly in those patients undergoing strabismus sur- 
gery, has been criticized due to the reported high incidence of 
masscter muscle rigidity (MMR). t'~ Our experience, however, 
indicates that when sodium thiopentone (STP) precedes Sch, 
MMR is rare even during strabismus surgery. 

0 1 2 3 4 5 S ? 8 g tO 
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FIGURE 1 Single twitch height (ST) or first twitch of train-of-four 
(TOF) with edrophonium given in single or divided doses. 
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FIGURE 2 Train-of-four ratio with edrophonium given in single or 
divided doses. Time zero corresponds to fisrt administration of 
edrophonium. 

Methods 
To determine the effect of STP on the incidence of MMR after 
Sch, we reviewed prospectively the anaesthetic experience of all 
children undergoing tracheal intubation in our institution over an 
eight-month period. This study was approved by the hospital 
ethics committee. The anaesthetic technique in each case was 
chosen by the attending anaesthetist. Induction techniques were 
recorded on data sheets. The clinical diagnosis of MMR was 
defined as the transient inability to open the patient's mouth after 
a sufficient dose of Sch.I I f  MMR did occur, the anaesthetic 
course and signs of malignant hyperthermia were recorded. 
Blood gas analysis and serum for CPK concentration determina. 
tions were obtained at 6, 12 and 24 hours after surgery. 

Results 
During the first four months of this study, 2846 infants and 
children were anaesthetized and intubated (Table). Of these, 
2612 received Sch to facilitate tracheal intubation. None of the 
children who received STP before Sch developed MMR. This 
indicates a 99.86 per cent likelihood of a zero incidence of MMR 
in the entire population of children anaesthetized with STP and 
Seh. One child who received a halothane/Sch anaesthetic did 
develop MMR. This child demonstrated no further evidence of 
malignant hyperthermia and the anaesthetie was continued with 
halothane. The serum concentration of CPK 24 hours after 

used (ST or TOF). In addition, the administration of edrophon- 
ium in divided doses does not appear to have a compelling 
advantage over single dose administration. 
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TABLE Type of surgery 

Muscle relaxant Non-strabismus Strabismus Total 

Depolarizing (Sch) 
STP 2068 (89) 230 (78) 2298 (88) 
Halothane/STP 191 (8) 59 (20) 250 (10) 
Halothane 59 (3)* 5 (2) 64 (2) 
Total 2318 294 2612 

Non.depolarizing 
STP 193 (85) 6 (86) 199 (85) 
HalothanetSTP 20 (9) I (14) 21 (9) 
Halothane 14 (6) 0 (0) 14 (6) 
Total 22~ ~ 23~ 

Grand total 2545 301 2846 

( ) Indicates % of total. 
*One child developed MMR (see text for explanation). 
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surgery was 17,580 IU/L. This child is considered to be MH 
susceptible. 12J 

1 0  

Discussion 
These data indicate that when STP precedes Sch, MMR is an a~ 

A exceedingly rare event in infants and children, even when ~ff st 
administered to patients undergoing strabismus surgery. We E 
conclude from these preliminary results that STP prior to ~ 4~ 
intravenous Sch is a safe induction technique in paediatric 
anaesthesia. 2 E 
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Hyperkalaemia during paediatric eraniofacial surgery 
K. Brown, B. Bissonnette, A.O. Poon 
University o f  Toronto 

It is believed that hyperkalaemia does not occur during massive 
transfusion with eitrated Packed Blood Cells (cPRBCs) because 
the plasma volume per unit is small. I This assumes that the 
plasma potassium concentration [K +] in this plasma fraction is 
small. We suspected that cPRBC's contain a significant K + 
load. We tested this hypothesis by (1) a prospective analysis of 
the K § content in cPRBC's and by (2) a retrospective chart 
review of children undergoing intraoperative massive blood 
transfusion during reconstructive craniofacial surgery. 

Methods 
The following study was undertaken with institutional approval. 
The [K +] in 28 units of cPRBC's aged between 2 and 28 days 
was determined. The [K + ] in 1 ml samples taken from each unit 
was measured by flame photometry (1L 943 Automatic flame 
Photometer, IL~). K + content {K +} was calculated such that 
{K +} = [(I-He0 x VcpRBC X [K+]] where the Hct was measured 
from a well mixed 1-2 ml sample on a Coulter Counter (Model 
S-Plus IV) and the volume per unit of cPRBC (Vcr, r,.nc) was 
determined from the weight of the unit (Sertorius L2200P 
Electronic Top]oader Scale). Polynomial regression analysis 
and the coefficient of correlation (r) were used to describe the 
relationship between changes in [K-l ,  {K +} and age. Thirty 
charts were reviewed. All children received a balanced anaes- 
thetic technique. The criteria for inclusion in the study were (I) a 
sampling frequency of arterial blood for pH, HCO3-, K +, and 
Hct analysis every hour, (2) a minimum five recorded blood 
analyses, (3) intraoperative blood transfusion --> 1 blood volume 
and (4) haemodynamic stability. The hourly urine output was 
derived from the anaesthetic record. In addition the hourly rate 
of blood transfusion was estimated. The age of the blood 
transfused was traced through the Blood Bank records. From our 
prospective analysis of cPRBC's an estimate of the K § (Kaose) 
delivered during transfusion was made. Paired t test analysis was 
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TABLE I Potassium content per unit of ePRBCs (228 ml) 

hge of blood K + content/unit Michael et at. J 

<1 week 1.4 mEQ 1.7mEq 
1-2 week 3.0 mEq 3. I mEq 
2-3 week 3.7 mEq 4.4 mEq 
>3 week 4.3 mEq 

done between the pre-peak and peak [K +] values. Statistical 
significance (p < 0.05) was accepted. 

Results 
[K +] in cPRBCs increased with age (Figure 1). The data was 
described by a second order polynomial y = 0.361 + 5.664x - 
0.098x 2, r - 0.71, p = 0.000l. The {K +} per unit cPRBC also 
increased with age (Figure 2, Table 1). This relationship was 
described with the second order polynomial y = 0.599 + 0.256x 
- 0.0047x 2, r = 0.77, p = 0.0001. Thirty charts were reviewed. 
Fifteen failed to meet the inclusion criteria. Pour patients 
suffered an intraoperative cardiac arrest and were excluded. 
Eleven charts (Table [I) met the inclusion criteria. Ten patients 
had an easily identified acute increase in [K +] during the course 
of surgery (Figure 3). The mean increase in [K +] was 1.39 -+ 0.4 
mEq. l  - t .  Paired t test analysis of the pre-peak and peak [K +] 
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TABLE I I Range of potassium values and blood volume loss on I 1 patients 
undergoing emniofacial surgery 

Age Weight Blood loss [K+J 
Pat (yr) (kg) Diagnosis (ml.kg -j) (mEq.f -t) 

Br 8.0 2O,O Crouzon's disease 320.0 3.4-6.7 
R 0.8 9.5 Apen's syndrome 127.5 3.6-5.9 
Bs 0.6 6.0 Craniosystosis 85.0 3.1-4.3 
N 1.5 I l.O Cranial dysplasia 80.0 3.9-5.2 
Re 0.6 7.6 Crouzon's disease 170.0 3.0-4.2 
S 1.5 8.5 Apert's syndrome 300.0 3.8-5.9 
Cr 2,0 10.0 Apen's syndrome 640.0 3.8-5.9 
Co 7.0 31,5 Pfieffer's syndrome 75.0 3.8-5.6 
Bt 0.8 7.0 Apen's syndrome 2125 4.3-6.0 
K 3,0 17.0 Crouzon'sdisease 112.5 3,2-4.4 
Rb 9,0 24.0 OrbNeurofibroplasia 75.0 3.2-5. I 
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FIGURE 3 Representative trace of the intra-operative trend in [K +] 
and Hot 

was statistically significant at p < 0.0001. In nine patients the 
A[K § wag temporally related to blood transfusion. The mean 
Kaose coincident with the increment in plasma [K +] was 0.66 --+ 
0.51 mEq - kg -I . 

Discussion 
The [K +] and {K +} in cPRBCs found in this study are in 
agreement with those of Michael et al. 3 (Table). These 
concentrations are in excess of the widely quoted [K + ] of 18- 26 
mEq/l for cPRBCs) In spite of the small plasma volume, 
cPRBCs may contain a significant K + load. Nine out of ten 
children had an increase in [K +] during transfusion of cPRBCs 
supporting the hypothesis that cPRBCs constitute K + load. 
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Model analysis of left ventrieular [K + ] during massive 
blood transfusion in children 
K. Brown, B. Bissonnette, B. McIntyre 
University o f  Toronto 

An intravenous K + bolus is diluted initially by the venous return, 
then by the pulmonary circulation, the systemic circulation and 
finally by the interstitial fluid (ISF). Given that investigators I 
have documented high K + concentrations ([K+]) in banked 
blood cells (cPRBCs), we wondered if  it was possible to deliver 
a high [K +] to the coronary circulation during massive blood 
transfusion (MBT). 

Methods 
In order to identify the factors influencing the [K +] in the left 
ventricle, during MBT, the circulatory system has been modeled 
as shown in Figure 1. 

The circulator, system has been modeled as a linear 1 compart- 
ment model in which Cpt 1 is the anatomic analogue of the 
pulmonary circulation (VIA) and the left ventricle (Vm), such 
that Vt = VIA + V~U. Compartmental volumes are fixed. Flow 
is constant and unidirectional. QT and Q~ define two constant 
flow sources which contain potassium at concentrations K T and 
K~ which mix perfectly within the anatomic analogue of the 
large vcins and the right ventricle to give a total flow QTot of 
[K+]. Kt "(~e is the analogue of the venous return. QT is the 

analogue of the transfusion rate. K~ is determined by the ratio of 
the flows into the compartment and their respective [K*] as 
shown: 

Kt = KT X ~ o t  Kpq • --QTot (Eq. 1) 

Values for the anatomic analogues which correspond to the 
model parameters are assigned in Table 1.2 Table ll 2 assigns 
physiologic values, appropriate for an anaesthetized, supine 10 
kg child, to the flows described in the, model. Since in an acute 
intervention, K + primarily distributes within the plasma fraction 
of blood, values in the Tables I and it arc referenced to plasma. 
K(0 which had an initial concentration Ko is determined by 
Equation 2. 3 

K(I) = (Koe -k(~ + (K I  (1 - c-k(t))) (Fx]. 2) 

where k is a constant equal to (Qxo,/Vi). 

~ K 1 v 1 K(t) 

I 
FIGURE 1 
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TABLEI 

Cpt I 

Model (Vta) (Vie) 
Anatomic Large Right Pulmonary Left 
analogue veins ventricle vasculature ventricle 

% Blood volume t 35.0 1.5 20.0 1.5 
Volume of blood 

(ml'kg-I) * 25.0 1.0 15.0 1.0 
Volume of plasma 

(ml �9 kg-J)'[ " 18.0 0.7 10.5 0.7 

*Assuming a BV of 75 ml. kg-' and a +Hct 30%. 
?Given an awake pulmonary blood volume of 12% of total BV, and a 
supine anaesthetized value of 20%. 

QT~ Or ~f 
Model Qr Qe, (Or + Qe,) % Venous return 
Physiologic Transfusion Cardiac Venous 
analogue rate output re turn  Transfusion Patient 

BI~xI 
(ml ' kg-t ' rain-l)20.5 120.0 120.5 0.41 99.59 

Plasma 
(ml. ks -~. rain-I) * 

Awake 0.25 84.0 84.25 0.36 99.64 
Anacsthetized'~" 0.25 70.0 70.25 0.36 99.64 
Hypovolemia 2 0.25 35.0 35.25 0.71 99.29 
Hypovolemia 

+ Bolus 5.0 35.0 40.0 12.5 87.5 
+ BOLUS + CPR 5.0 20.0 25,0 20.0 80.0 

*Assuming patient HOt 30%, Wansfused blood Hot 50%. 
tAnaesthctizcd Qvr 90% of awake value. 

Results 
Equation I of the model predicts that the K] is determined by (1) 
the ratio between the transfusion rate (QT) and the venous return 
(QPt) and (2) by the [K +] of the blood being transfused (KT). 
Figure 2 graphs the rate of rise of K(0 (Equation 2), given a Qrot 
of 40 ml '  kg - i .  min - ], a Ko of 4.0 retool. L - t and a K ] of 6.6 
retool. L-I .  

Discussion 
Kr of the transfused blood is of critical importance in 
determining K(t). Hyperkalaemia complicating MBT is deter- 
mined by more than just the rate of blood transfusion. In 
addition variables such as (1) the [K +] in the plasma portion of 
the transfused blood, (2) the contribution of the rate of blood 
transfusion to the total venous return and (3) the central blood 
volume must be taken into account. With large bore intravenous 
access a child can easily be transfused at rates in excess of 
100-200 ml. rain a. During severe hypovolaemic hypotension in 
a child, this rate of blood transfusion may dominate the total 
venous return. The time course of increase of K(t) in Figure 2 
shows that it plateaus within one minute. A falling cardiac 

Cpt 4 

K (retool/I) 

SlmulStlon for Venous Return 40 rnFKglmln 

01~ ~ *it 01. 
"lima {rain I 

FIGURE 2 Time course of the rate of rise of K(t). 

output during hypovolaemic hypotension results in a decrease in 
the rate constant k, the magnitude of which depends on the 
degree to which the central blood volume (V0 falls. 
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Variability in Plasma [K +] during paediatric eranlofacial 
surgery 
K. Brown, B. Bissonnette 
University o f  Toronto 

Hyperkalaemia has been reported during massive blood transfu- 
sion (MBT) in two situations (1) during neonatal exchange 
transfusion t'2 and (2) during rapid administration of whole 
blood, in excess of 0.3 ml. kg - t. rain- t.3.a Both the quantity of 
blood transfused and the rate of blood transfusion have been 
identified as risk factors for the development of hyperkalaemia. 
Children undergoing major craniofacial surgery (MCFS) are at 
risk for K + intoxication. Therefore, we hypothesized that during 
MBT, the free K + in the plasma portion of transfused blood 
constitutes an intravenous K + challenge. 

Methods 
With institutional approval a retrospective review of the anaes- 
thetic records of 11 children undergoing eraniofacial surgery 
was conducted. The trend in plasma K § concentration ([K+]) 
with time was documented from the anaesthetic record, as were 
hourly estimates of the rate of blood transfusion and urine 
output. The age of the blood transfused was traced through the 
blood bank records. A retrospective study of ten age-matched 
controls undergoing a variety of surgical procedures not requir- 
ing blood transfusion was undertaken. All children had hourly 
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Hyperkalaemia has been reported during massive blood transfu- 
sion (MBT) in two situations (1) during neonatal exchange 
transfusion t'2 and (2) during rapid administration of whole 
blood, in excess of 0.3 ml. kg - t. rain- t.3.a Both the quantity of 
blood transfused and the rate of blood transfusion have been 
identified as risk factors for the development of hyperkalaemia. 
Children undergoing major craniofacial surgery (MCFS) are at 
risk for K + intoxication. Therefore, we hypothesized that during 
MBT, the free K + in the plasma portion of transfused blood 
constitutes an intravenous K + challenge. 

Methods 
With institutional approval a retrospective review of the anaes- 
thetic records of 11 children undergoing eraniofacial surgery 
was conducted. The trend in plasma K § concentration ([K+]) 
with time was documented from the anaesthetic record, as were 
hourly estimates of the rate of blood transfusion and urine 
output. The age of the blood transfused was traced through the 
blood bank records. A retrospective study of ten age-matched 
controls undergoing a variety of surgical procedures not requir- 
ing blood transfusion was undertaken. All children had hourly 
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plasma [K +] recorded on the anaesthetic record. The trend in 
plasma [K +] with time was determined. Differences between 
[K +] in the control and MCFS patients were assessed with an 
unpaired t test. Differences between the peak and pre-poak [K +] 
during transfusion in MCFS group was assessed with a paired t 
test. Statistical significance (P < 0.05) was accepted. It is 
our practice to transfuse ePRBCs reconstituted with plasma 
(rRBCs). An estimate of the K + infused during blood transfusion 
was made by a prospective in vitro survey of age-matched units 
of packed cells (cPRBCs). The plasma [K +] of 28 units of 
cPRBCs aged from two to 28 days was measured from 1 ml 
samples of each unit by flame photometry (IL 943 Automatic 
flame Photometer, Instrumentation Laboratory). The haema- 
tocrit (Hct) of the ePRBCs was measured from a well mixed 1-2 
ml sample on a Coulter Counter (Model S-Plus IV) and the 
volume was determined from the weight of each unit (Sartorius 
L2200P Electronic Toploader Scale). We assumed that the K + 
content of a unit of rRBCs was identical to that of its unit of 
cPRBCs. The free K + delivered per ml of rRBCs (KrRBCs) was 
estimated. The estimated K + dose (K~se) during transfusion 
was the product of Kranc and the rate of blood transfusion. 

Results 
Both the range of plasma [K + ] and the coefficient of variation in 
[K +] were greater in the MCFS patients (P < 0.01) (Table I). 
The Figure summarizes the ten MCFS patients who demonstra- 
ted an obvious increment in plasma [K+]. Differences between 
peak and pre-poak [K +] were statistically significant, P < 0.001. 
Them was a striking parallel between the trend in plasma [K § 
and Hct with time. The mean rate of blood transfusion was 27.6 
-+ 18.1 ml" kg - ~ �9 hr-  t. The mean age of the transfused blood was 

TABLE l Comparative data between MCFS and control groups 

Mean [K+] Range [K+I Coefficient 
Group (retool. 1) -I (retool. I) -I of variation 

Control 3.9-+0.6 0.6-+0.2 5.4%- + 1.4 
MCFS 4.3---0.5 1.8-0.6" 13.7%-+5.0* 

*P<0.01. 
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FIGURE Composite graph detailing increment in plasma [K] and Hct 
for 10 patients undergoing MCFS. Date expressed as mean and 
standard deviation. 

TABLE 11 Estimated Kao~ in 9 children summarized in Figure I 

Plasma 
Time K -1 load [K +] 

Pat (hrs) (mmol ,kg- '  .hr -~) (retool.l) -~ 

Br 1 1.06 6.7 
Bt l 1.23 6,0 
N 1 0.64 5,2 
Cr l 0.80 5,0 
Bs 1 0.21 4.4 
K 2 0.21 4.4 
Rb 2 0.29 5.1 
R Ist peak 1 0.27 
2nd peak I O. 25 5.9 

S 2nd peak I 0,63 5.4 

Predicted Observed 
A K + Mr + 

Put (mraol. l) -a (retool. l ) -  i %Exit 

Br 5.3 2, I 60.4 
Bt 6.2 1.4 77.2 
M 3.2 0.7 78.0 
Cr 8.0 1.4 82.5 
Bs l.l 1.3 -18.2 
K 2.1 1.2 44.0 
Rb 2.9 1.9 34.0 
R 1st peak 1.3 0.6 54.0 

2nd peak 1.2 0.9 27.0 
S 2nd peak 3.2 1.5 53.0 

16.1 -+ 8.4 days. The Kdose was 0.66 --+ 0.51 mmol .kg -~. 
(Values given as X -+ SD.) Table lI details nine patients who 
demonstrated an increase in [K +] within two hours of blood 
transfusion. The %exit was calculated such that: 

Ko 
%Exit = 1 - - -  

Kp 

where K o is the observed increment in plasma [K+], 

Kdo~ 
G = ~cF 

and 

ECF = 0.2 X body weight (kg). s 

Discussion 
Ten of 11 patients demonstrated an obvious increase in plasma 
[K+]. The parallel between Hct and [K +] with time supports the 
hypothesis that the increment in [K +] was related to blood 
transfusion. Furthermore, there is enough free K + in the plasma 
portion of ePRBCs to act as a K ~- load. In half of the patients the 
%Exit was < 60 per cent. This suggests that these patients had 
some impairment of extrarenal defense of the ECF [K+]. 
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The influence of position for epidural catheter insertion 
on oxygen saturation in parturients 
M.I. Douglas, I.E. Swenerton, G.H. MeMorland, 
D,F. Farquharson 
University of  British Columbia 

The physiological changes of pregnancy related to lung volumes 
and oxygen consumption (decreased FRC, TLC, RC and 
increased oxygen consumption) put the parturient at particular 
risk for desaturation. Pulse oximetry allows the anaesthetist to 
monitor this variable non-invasively. Positioning for epidural 
catheter insertion (flexion of the hips and neck) increases 
intra-abdominal pressure and may cause aorto-caval compres- 
sion. While these alterations may not affect the non-labouring 
parturient for elective Caesarean section, they may create 
problems in the labouring patient. This study was designed to 
examine the effect of positioning for epidural insertion on 
maternal San2 in labouring and non-labouring parturients. 

Methods 
After obtaining ethical and patient consent, 15 patients present- 
ing for elective Caesarean section and 12 patients in active 
labour were studied. An initial ten-minute baseline assessment 
of maternal San2 (using a Nellcor N- IIX) paise oximeter) and of 
fetal heart rate was performed with the patient in the relaxed left 
lateral position. The patient was then curled for insertion of the 
epidural catheter and San2 and fetal heart rate were measured. 
The study period was considered completed once the catheter 
was in situ and the patient had resumed the relaxed position. 
Data collected included: age, height, weight, parity, duration of 
insertion of epidural catheter, severity of labour pain, frequency 
of contractions, cervical dilatation, any obstetrical or maternal 
complications, San2 (lowest baseline San2 during insertion and 
number of patients who had periods of saturation less than 95 
and less than 90 for greater than 30 seconds) and Kubli scores 
(before, during and after insertion). 

Results 
The patients in the two groups were comparable for age, weight, 
height and length of time to insert the epidural catheter. Three of 
the Caesarean sections were performed prior to 36 weeks 
gestation for fetal-maternal reasons (Rh disease, polyhydram- 
nios and fetal anomalies and twins and pregnancy-induced 
hypertension). Of the labouring patients one had twins and PIH, 
one had gestational diabetes and one had mitral valve prolapse. 
The labouring patient with twins and P1H had a saturation during 
positioning of 87 per cent for over three minutes. Her baseline 
saturation was also low although the duration was not signifi. 
cant. Three other patients had insertion saturations between 
90-95 per cent, lasting greater than 30 seconds (see Table). 
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TABLE Maternal San2 at baseline and during epidural insertion 

Baseline Insertion 
N SaO2 (range) Sa02 (range) 

Caesarian 15 98.2% (96-100) 97.9% (97-100) 
Labour 12 94% (85-100) 9,1.7% (g7-99) 

Discussion 
Two previous studies h2 have examined San2 during labour 
and correlated changes with pain. Neither exami ned the effect of 
positioning. As epidural analgesia has proven benefits to mother 
and fetus, it is important that its initiation does not cause harm. 
The tightly flexed position might be expected to impinge on lung 
volumes and to produce haemodynamie changes, While likely 
insignificant in the normal woman, these may be a problem in 
those who are obese, have cardiovascular disease (including 
PIH) or restrictive lung disease. The administration of oxygen 
during the procedure may improve the situation. 
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P300 and the level of consciousness during general 
anaesthesia 
G. Plourde, T.W. Picton, A. Kellert 
McGill University 

There is no specific way to detect the unintentional return of 
awareness in paralyzed patients.~ The "P300" is a sensory- 
evoked potential component which occurs only during cognitive 
tasks requiring conscious awareness. We recorded the P300 
immediately before and after general anaesthesia to determine 
its potential usefulness for detecting awareness. 

Methods 
Fourteen elective adult surgical patients were tested during 
anaesthesia with thiopentone, vecuronium, fentanyl (2-4 
p,g.kg -t)  and isoflurane (0.5-1.5 per cent end-tidal) in 
air/oxygen or nitrous oxide (60 per cent)/oxygen. Complete 
recovery from neuromuscular blockade was achieved prior to 
awakening. Recordings were carried out before induction 
(control), during induction, emergence and in the recovery room 
15-120 rain later. (It was not possible to obtain adequate data 
from all patients at all stages). The patients were instructed to 
attend to a train of regularly occurring stimuli (500 Hz tones, 50 
ms duration, 80 dB peSPL) in order to detect occasional higher 
frequency (700 Hz) "target" tones. Patients pressed a button 
following each detected target. Studies in unanaesthetized 
subjects have repeatedly shown that detected targets ("hits") 
generate a P300 whereas missed targets ("misses") do not.2Our 
aim was to verify if the link between target detection and the 
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TABLE P300 amplitude (~V + SD) 

Hits Misses 

Pre-inductinn *4.0 -+ 2.8 n = 14 - 
Induction *2.5--- 1.6n= 7 0.1 + 4.3n = 12 
Emergence -0.3 -+ 2.2n = 5 0.2 -* 1.1 n = l0 
Recovery *2.9 .4- 1.9n= 12 0 , 8 -  + l,I n = 7  

P300 remains valid in the peri-anaesthetic period. The EEG was 
recorded from Fz, Cz and Pz (reference: right mastoid) with a 
band pass of 0.3-100 Hz. An epoch of 1.5 sec (1024) points was 
used. Trials contaminated by eye movements were rejected. 
Waveforms were digitally filtered (1-10 Hz). The P300 was 
measured as the average Pz amplitude 300 to 400 ms after 
stimulus. 

Results 
The P300 amplitude for hits was significantly smaller during 
emergence than during all other periods (P < 0.01) (Table). 
During induction and recovery the P300 for hits was significant- 
ly larger than for misses (P < 0.Ol) indicating that the P300 
amplitude is significantly different from zero (P < 0.01). 

Discussion 
The link between signal detection and P300 remained valid 
daring control, induction and late recovery stages (i.e., hits 
generated a P300 and misses targets did not). We infer that a 
P300 would be present if similar recordings were carried out in a 
paralysed, unintentionally conscious patient. During emergence 
however, only a few targets were detected and they were not 
associated with a P300. Certain technical factors (increased 
noise, excessive trial-to-trial latency variability, etc.) may have 
prevented recognition of the P300. This is, however, unlikely 
since similar factors occurred during recovery. The results 
probably reflect a true absence of the P300 and suggest that, 
during the immediate post-anaesthetic period, the detected 
change in the stimuli did not reach consciousness despite the 
motor response, 
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Spinal anaesthesia for Caesarean section 
G.A. Blaise, C. Perseanlt, D. Landry, F. Petit, E. Villeneuve, 
C. Hollmaan, R. Meloche 
Univeristy of  Montrdal 

More than 50 per cent of pregnant women who need a Caesarian 
section opt for regional anaesthesia. Although, in Canada, 
epidural anaesthesia is the preferred technique to achieve 
analgesia, we wanted to study the use of spinal anaesthesia in an 

effort to improve the quality of analgesia without increasing the 
incidence of complications. 

Methods 
Spinal anaesthesia was performed in 45 cases of elective 
Caesarian section using the following protocol: after infusing 
750 to 1000 ml of Ringer's lactate solution through a large bore 
catheter and positioning each patient in the sitting or lateral 
position, a 25-gauge needle was inserted at the level of L3_ 4 or 
L4-s. A mixture of lidocaine 25mg.ml  -I and pontocaine 
3.3 mg '  ml -I with ten percent dextrose was injected, the amount 
(1.6 to 2 ml) depending on the height of the patient, The mother 
was then brought back to the supine position with left lateral tilt 
to avoid aortocaval compression, while her head rested on two 
pillows both for comfort purposes and to avoid excessive 
cephalad progression of the anaesthetic. Each padent received 
ephedrine 25 mg [M and O2 by face mask at least until the birth 
of the baby. Hypetension (systolic pressure < 100 mmHg) was 
countered by the following interventions: ephedrine IV in 5 mg 
increments, phenylephrine IV in 100 Ixg boluses or by infusion 
(20 ttg. m1-1) and leg elevation until the IV vasoconstrictors had 
brought systolic pressure above 100 mmHg. The following 
parameters were recorded: level and quality of analgesia, 
incidence and intensity of hypotension per- and postoperatively, 
incidence of nausea, Apgar score, time to complete recovery 
from anaesthesia, incidence of post-spinal headache. 

Results 
Patient data are shown in the Table. We found spinal anaesthesia 
to be a very efficient technique in providing anaesthesia for 
Caesarian sections; only in two patients was the analgesia too 
loealised to proceed with the surgery and general anaesthesia 
was used. In 42 padents the onset of analgesia occurred within a 
few minutes of the spinal injection; in one case, the onset was 
delayed by 15 minutes. This fast onset allowed the surgical team 
to proceed without delay with abdominal prepping, draping and 
incision. The mean level of analgesia produced was T3, 
explaining the quality of analgesia obtained. Hypotension was 
witnessed in 60 per cent of our patients and ten per cent 
experienced a fall in systolic blood pressure which went below 
75 mmHg. All these hypotansion episodes were of short 
duration and effectively treated with vasoconstrictors and leg 
positioning. None of the patients displayed hypotension in the 

TABLE 

Patient's age Parity Volume injected Nausea 

Mean 27 2 mean 1.85 rnl 15 
Youngest 17 rain 1.60 ml patients 
Oldest 38 max 2,00 ml 

Hypotension Headache Blood patch 

<100 mmHg 5 4 

60% patients patients 
<75 mrnHg 
10% 
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recovery room. Mean Apgar score at one minute was nine. Five 
patients suffered post-spinal headache, four of them required a 
blood patch to totally cure this side effect. 

Discussion 
Spinal anaesthesia offers several advantages over epidural 
anaesthesia: easier technique, better success rate, faster onset of 
action, deeper analgesia and muscle relaxation. On the other 
hand, there are disadvantages such as: a more pronounced fall in 
blood pressure, post-spinal headache, absence of postoperative 
analgesia (as no catheter is left). We have shown that spinal 
anaesthesia has a very high success rate (even if the technique 
has been done by several different anaesthetists, staff and 
residents). This success rate is high compared with that of 
epidural anaesthesia which can require IV supplements or 
inhalational agents in as many as 46 per cent of the patients. 
Hypo~:nsion episodes can be prevented. The incidence of 
headache varies from study to study; however, our rate of ten per 
cent agrees with that of Michie. J Despite this occurrence, there 
was no prolongation in the duration of hospitalisation for these 
patients. Spinal anaesthesia already is a good alternative to 
epidural for Caesarian sections. With the increasing use of 

".,.intra-thecal catheters we might also provide postoperative 
analgesia and reduce post-spinal headaches. 2 
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The timing of surgical repair of traumatic aortic tears 
in the polytraumatized patient 
D. Riege~, J.P. Koch, R. Maggisano, J.H. Devitt 
University of Toronto 

Blunt trauma, especially in cases of high energy transfer 
deceleration injuries, can be accompanied by intimal thoracic 
aortic tears, The literature remains unclear as to the optimum 
timing of repair. Our approach has been to start aggressive blood 
pressure control by medical means and delay surgical treatment 
until associated injuries are either adequately assessed or 
improved. We have undertaken a ten-year retrospective study to 
determine the safety of this approach. 

Patient population and methods 
We reviewed the records of 27 blunt polytraumatized patients 
with thoracic aortic injuries admitted to our trauma unit between 
1978 and 1988. The patients were divided into two groups. 
Group I comprised patients who underwent aortic repair within 
24 hours of injury. Group II consisted of patients undergoing 
aortic repair greater than 24 hours from time of injury or those 
having no surgical repair. The two groups were compared with 
respect to mortality, age, and severity of injury (Table I). 

Results 
Seven patients had thoracic aortic repair within 24 hours of 
injury. Five were taken to the operating room immediately after 

TABLE I Timing of repair and mortality, age and ISS 

Age ISS Mortality 

Early repair (Group I) • SD 36 • 16 40 -+ 9.0 85.7% 
Delayed repair (Group ll) • SD 36 • 18 37 • 8.1 20% 

TABLE II Tiraing of repair and associated injaries 

N CNS Chest Abdomen Skeletal 

Early repair (Group 1) 7 4 5 3 6 
Delayed repair (Group I1) 20 13 18 11 16 

admission because of haemodynamic instability. They all died 
intraoperatively from exsanguination. Two others were repaired 
within 24 hours of injury. One died from an intraoperative 
complication while the other survived in a persistent vegetative 
state. Of the 20 Group Ii patients, ten were repaired within one 
week of injury, four were repaired up to 324 days later and six 
were not repaired. Four of the Group 11 patients died: two 
prerepair, one during repair and one post-repair for an overall 
mortality of 20 per cent. All of these patients were admitted to 
the intensive care unit prerepair for invasive monitoring and 
blood pressure control. Groups were similar with respect to age 
and severity of injury (P = NS, t test). Mortality was 
significantly greater in the patients undergoing early operative 
repair (P = 0.004 Fisher's Exact Test). Associated injuries are 
described in Table II. Prerepalr, ten patients had one general 
anaesthetic, seven patients had two anaesthetics, and one patient 
three anaesthetics for life- or limb-threatening injuries, without 
aortic rupture. 

Discussion 
All our patients had significant associated injuries. Delayed 
operative management of those life- or limb-threatening injuries 
may greatly increase morbidity and or mortality. Early repair of 
the thoracic aortic injury may exacerbate coexisting injuries. 
One lung ventilation, used to facilitate surgical exposure, in the 
face of an evolving pulmonary contusion may submit the patient 
to life-threatening hypoxia and hypercarbia. The use of vasodi- 
lators after high aortic crossclarnping, in order to minimize 
systolic load to the myocardium during the operation deleteri- 
ously affects the traumatized brain with malfunctioning autoreg- 
niation. Invasive haemodynamic monitoring in an intensive care 
setting with aggressive medical treatment with sedatives, beta 
blockers and vasodilators enables us to delay definitive opera- 
tive treatment until such time as respiratory, cerebral and cardiac 
function can tolerat~ the surgical insult. 
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Left lung radiographic abnormalities after 
aortocoronary bypass surgery 
O. Jaln, T .L .K  Rao, M. Dasari, R. Pifarre, H. Sullivan, 
D. Calandra 
Loyola University Medical Center, Maywood, Illinois 

During aortocoronary bypass surgery, manipulation of the lungs 
occurs. 1 Because the heart lies predominantly in the left chest 
cavity, the left lung and especially the left lower lobe are 
primarily affected. The manipulation of the left lung may be 
greater if left internal mammary artery grafting is performed. 
The opening of the left pleural cavity and the placement of the 
chest tube there is also much more likely when LIMA grafting is 
done. The right pleural cavity is generally not opened. During 
cardiopulmonary bypass, the lungs are deflated and their 
perfusion is altered. These factors may lead to pulmonary 
morbidity. 

The aim of the current study was to determine the percentage 
oftbe patients who develop left lung atelectasis, consolidation, 
effusion and infiltrate after anrtocoronary bypass surgery, The 
occurrence of these abnormalities was correlated with the left 
internal mammary artery (LIMA) grafting, with the period of 
postoperative mechanical ventilation 2 and with the period of 
hospitalization post-surgery. 

Methods 
After Institutional Review Board approval, informed consent 
was obtained from 52 patients undergoing aortocoronary bypass 
surgery. LIMA grafting was performed in 32 patients. None of 
these patients had acute changes such as atelectasis, consolida- 
tion, effusion or infiltrate on the preoperative chest radiograph. 
Portable chest radiographs were obtained in the Intensive Care 
Unit immediately post-surgery and at least once a day after that. 
The occurrence of the above-mentioned abnormalities on any of 
these radiographs was noted by a radiologist who was unfamiliar 
with the clinical course of the patient. The number of hours of 
postoperative mechanical ventilation and the number of days of 
postoperative hospitalization were also noted. The termination 
of mechanical ventilation was based on arterial blood gas and 
clinical criteria. 

Results 
The number and percentage of the patients who had a given 
radiographic abnormality are listed in the Table. 

TABLE Radiographic abnormalities 

All patients L I M A  Non-LIMA 

# % # % # % 

Left lung ateleetasis 36 69 22 69 14 70 
l.eft lung consolidation 13 25 I 1 34 2 10 
Left lung effusion 16 30 12 38 4 20 
Bilateral effusion 5 l0 4 13 1 5 
Left lung infiltrate 3 6 2 5 l 5 

The incidence of left lung consolidation and effusion was 
higher (P < 0.05) in patients who had LIMA grafting compared 
to the other patients. 

There was no correlation between the radiographic abnormal- 
ities and (a) the length of postoperative mechanical ventilation, 
(b) the period of post-surgical hospitalization. 

Discussion 
The incidence of left lung atelectasis was found to be high after 
aortocoronary bypass surgery. Patients who underwent LIMA 
grafting had higher incidence of left lung consolidation and 
effusion. However, these abnormalities are usually not persis- 
tent and do not prolong the period of mechanical ventilation and 
hospitalization. 
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Elevated plasma catecholamine levels in trauma patients 
do not correlate with intraoperative recall 
H.G. Jense, S,A. Dubin, P.I. Silverstein 
Medical College of Georgia, Augusta, Georgia 

Patient awareness and recall of intraoperative events occurring 
during general anaesthesia remain significant clinical problems. 
Trauma patients are particularly susceptible to recall with rates 
reported as high as 11 per cent in anaesthetized trauma patients 
and 43 per cent in trauma patients too unstable to receive ade- 
quate anaesthesia, ~ The biochemical mechanism allowing recall 
despite apparently adequate anaesthesia remains obscure. One 
theory claims that there is a reported correlation in animals 
between elevated epinephrine levels and learning under general 
anaesthesia. 2 The purpose of this prospective study is to measure 
plasma eatecholamine levels in elective and trauma patients and 
attempt to correlate elevated epinephrine levels with the inci- 
clenee of intraoperative recall. 

Methods 
Sixteen trauma and 13 elective ASA physical status I and 11 
patients were recruited to participate in the study. Patients with 
facial or head trauma were excluded. After receiving informed 
consent from the patient or next of kin, the patients were 
anaesthetized according to the judgement of the anaesthetist 
assigned to the case. No attempt was made to standardize the 
anaesthetic. At five specific times during the ease blood levels 
for catecholamines were drawn (1) preinduction, (2) immediate- 
ly postintubation, (3) skin incision, (4) 30 rain post-skin 
incision, and (5) 60 rain post-incision. The samples were 
immediately centrifuged and the plasma was frozen at -70* C. 
Catecholamine levels were determined using a standard high 
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TABLE Mean plasma epinephrine and norepinephrine 
levels (pg' ml-~) * 

Level 1 2 3 4 5 

Elective 
epinephrine 101 --. 24 72 :t I1 134 • 29 123 • 31 137 • 43 

Trauma 
epinephrine 274 • 60 244 -+ 56 153 • 22 212 • 59 220 • 73 

Electice 
not'epinephrine 298 • 51 192 • 24 179 • 27 256--- 47 317 • 56 

Trauma 
norepinephfine 451-+54 481• 392• 433• 447• 

*Differences between elective and trauma patients were significant 
(P < 0.01) in all groups. 

performance liquid ehromatographic/electrechemical detection 
technique (BioAnalytjc Systems). 

Two to three days postoperatively, when patients were alert 
and oriented, they were questioned about recall of operative 
events. They were initially questioned about recall of being in 
the operating room and then more specific questions relating to 
induction of anaesthesia, intubation, skin incision and operative 
procedure. The patients were also asked for last memory before 
going to sleep and first memory upon awakening. 

Data was analyzed using a two-way ANOVA for repeated 
measures. Values are expressed as mean --- standard error. 

Results 
The trauma patients consisted of five abdominal cases, one 
thoracotomy, eight orthopaedic procedures and two thigh 
explorations for gunshot wounds. All of these patients were 
haemodynamically capable of tolerating at least low levels of 
inhalational anaesthetic. The elective cases were gynaecological 
or plastic surgery procedures. The measured plasma levels for 
norepinephrine and epinephrine are presented in the Table. In 
both patient groups no particular pattern of catecholamine level 
changes occurred during the procedure except for a lowering of 
levels post-intubation. However, there was a highly significant 
(P < 0.01) between-subjects difference both for epinephrine and 
norepinephrine. These differences ranged from 41-151 per cent 
increases and 14-239 per cent increases obtained in trauma 
patients for not'epinephrine and epinephrine respectively. The 
greatest differences were obtained at the time of intubation. 

Despite the large differences in plasma catecholamine levels, 
no patient in the study had any recall of intraoperative events. 

Discussion 
There was no correlation between plasma catecholaminc levels 
and recall of intraoperative events in our patient population. 
Despite significant differences between elective and trauma 
patients in regard to catecholamine levels there was no incidence 
of recall in either group. We conclude that neither elevated 
plasma norepinephrine nor epinephrine levels correlate with 
increased awareness under general anaesthesia. Our 0 per cent 
incidence of recall in trauma victims is significantly different 
from the 11 per cent cited by Bogetz and Katz.t The specific 
reason for this remains unclear; however, the difference may 

relate to different anaesthetic techniques. Further work in this 
area is required. 
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Incidence of post.spinal headache with 25 and 26 gauge 
needles 
N. Rodriguez, P T  Silverstein, M.L. Wakefield, R. Williams, 
S. Dubin 
Medical College of  Georgia, Augusta, Georgia 

Post-partum tubal ligation (PPTL) is a procedure frequently 
performed under subarachnoid block (SAB). The incidence of 
post-dural puncture headache (PDPH) is greater with increasing 
needle size and is higher in the parturient. In a recent study there 
was a 23 per cent incidence of PDPH using a 25 gauge spinal 
needle in the post-partum patient I revealing no significant 
difference between post-partum and pregnant patients. The 
purpose of this study was to determine if there was a lower 
incidence of PDPH when using a 26-gauge spinal needle in the 
post-partom patient compared with the use of a 25-gauge needle. 

Methods 
Sixty-nine patients who underwent PPTL, 24-48 hours after 
vaginal delivery, were studied as part of our ongoing Quality 
Assurance Program. Fifteen to thirty minutes prior to SAB, all 
patients were premeditated with 30 ml of Bicitra and received 
500-1000 ml of lactated Ringer's solution. ECG and blood 
pressure cuff were used to monitor patients' vital signs before, 
during, and after SAB injection. Lumbar puneture was per- 
formed in either the sitting position or in the lateral decubitus 
position. A 26-gauge needle was inserted through a 21-gauge 
introducer needle (4 em long) with the bevel parallel to the dural 
f ib , s .  The subaraehnoid space was entered through a suitable 
interspace (L2_3, L3-4, I-4-5), under aseptic conditions. There 
were no inadvertent dural punctures with the introducer needle. 
Lidocalne five per cent in dextrose was used as the anaesthetic, 
with supplementary sedation given as needed. Postanaesthetic 
interview by telephone was completed two weeks following 
discharge from the hospital, utilizing a questionnaire format. 
Questions were asked regarding their general condition, any 
complication intraoperatively. If  no mention of headache was 
elicited, they were asked if they had experienced any headache 
following anaesthesia. Further questions were asked to deter- 
mine if the headache was indeed a PDPH. 

Results 
Thirteen patients were lost to follow up. Fifty-six patients in 
whom a 26-gange needle was used were contacted. The 
incidence of PDPH was 25 per cent in the 26-gange group versus 
23 per cent in the 25-gange group (Table). There were no 
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TABLE 

Nee~esize Pal~n~ # Headache % # RequiringEBP + 

25 65 15 23% 5 
26 56 14" 25% 2 

*NS. 

significant differences between the groups regarding the inci- 
dence of headache. Two patients in the 26-gauge group required 
an epidural blood patch (EBP +) versus five patients in the 
25-gauge group. Previous history of headache did not influence 
the development ofpostspinul headache. The longest duration of 
PDPH was 2.5 weeks. 

Discussion 
It is widely accepted that the cause of PDPH is from CSF leakage 
through the dural puncture site caused by the spinal needle, 
resulting in decreased CSF pressure. Assumption of the upright 
position causes positional changes of brain structures, stretching 
cerebral vessels which in turn manifest as headache.I Factors 
contributing to higher incidence of PDPH in the parturient and 
post-partum patient include that of early ambulation, decreased 
CSF pressure secondary to loss of intra-abdominal pressure after 
delivery, rapid changes in blood volume following delivery and 
relative dehydration which are more marked in post-partum 
patients than in routine surgical cases. The incidence of PDPH in 
post-pactum parents receiving a SAB with a 26-gauge needle, 
24-48 hours following vaginal delivery, is approximately the 
same as that found with the 25-gauge needle. Other studies 3'4 
have reported the incidence of PDPH to be much lower (.04 per 
cent) when using smallbore needles (24-, 25-, 26-gauge needles). 
We believe the reason for the difference between those studies 
and our results lies in the fact that our patients were contacted 
several weeks later, whereas in the other studies the patients 
were contacted in the hospital following surgery. Because of the 
high incidence of PDPH in this group which was not altered by 
needle size, SAB may not be the anaesthetic of choice if PPTL 
must be performed within 24-48 hours of delivery. 

and unless larger volumes are used, the inferior trunks (C7,~) of 
the brachial plexus. Volume-related complications encountered 
with the IB technique include Homer's syndrome, phrenic nerve 
block, vertebral arterial injection, recurrent laryngeal nerve 
block, pneumothorax, epidural or subarachnold injection and 
systemic toxicity. An advantage of IB for upper extremity 
surgery is the lack of tourniquet pain, frequently seen with an 
AxB approach. A combined interscaleneaxillary (CIA) ap- 
proach, with half of tbe local anaesthetic volume injected at each 
site, might improve the efficiency of the upper extremity block 
since each approach covers the limitations of the other. Also, a 
smaller volume injected at each site could theoretically decrease 
the incidence of volume-related side effects. 

Methods 
A CIA brachial plexus block (BPB) was performed on 73 
patients. For plasma analysis, 15 patients were randomly 
allocated into AxB, IB or CIA group (five patients in each 
group). The anaesthetic agent used in all cases was a mixture of 
20 ml 1.5 per cent lidocalne (L) and 20 ml 0.5 per cent 
bupivacalne (B) with epinephrine 1:200,000. In the CIA half the 
volume of agent was injected at each site. The effectiveness of 
the BPB was rated as: (1) excellent, (2) adequate with single 
nerve supplementation and (3) failure. Blood samples were 
obtained at times 0, 5, 10, 15, 30 and 60 minutes post-block, 
cold centrifuged and frozen at -700 C for later analysis by gas 
chromatography. Side-effects and complications were also 
noted. 

Results 
CIA blocks were 89 per cent successful including ten cases (13.7 
per cen0 who required additional nerve supplementation; the 
most frequent complication was Homer's Syndrome (23.3 per 
cen0. No patient complained of tourniquet pain despite lack of 
intercostobrachialis nerve (T2) supplementation. The plasma 
concentration data for L and B are illustrated in Figures 1 and 2. 
At time 5 through 30 minute post-injection, the plasma 
concentration of L was significantly higher in the IB than in AxB 
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Braehia] plexus block - n combined approach 
J.J. Smith,V,C. Hofmann, A. P. Jarvis 
University o f  Oklahoma 

Axillary (AxB) and interscalene (IB) block of the brachial 
plexus each have their own limitations and side effects. The AxB 
approach may miss the musculecutaneous, intercostobrachialis 
and axillary nerves and the radial distribution of the posterior 
cord if large volumes of local anaesthetic (>40  mls) are not 
used. The IB technique may miss the intereostobrachialis nerve 
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group (P < 0.05). Similar differences between the 1 and A 
groups were noted for B at five and ten minutes after injection (P 
< 0.05). The plasma L and B concentrations for the CIA group 
fell mid-way between the levels for the I and A groups over most 
of the 60-minute period of observation but were not significantly 
different. 

DiscussioD 
This study indicates that (1) the CIA approach is an effective 
anaesthetic alternative for upper extremity surgery, (2) the 
incidence of volume-related side-effects appeared to be less, (3) 
the CIA approach eliminates tourniquet pain despite the lack of 
intereostobraehlalis nerve supplementation, (4) although plasma 
concentration did not approach toxicity in any group, the IB 
group had significantly higher plasma concentrations of local 
anaesthetic in the immediate post-block time period than the 
AxB group, (5) there was no significant difference between the 
plasma concentrations of the CIA group and the other two 
groups despite a trend to lie between the other two groups (see 
Figures 1 and 2), (6) site of injection appeared more important 
for rate of systemic absorption than surface area/total volume 
ratio. 

Postoperative recovery following induction of 
anaesthesia with rectal methohexitone 
R.B. Forbes, D J .  Murray, J.B. Dillman, D.L. Dull 
University o f  lowa College o f  Medicine 

Rectal administration of methohexitone is a safe, effective 
technique for induction of anaesthesia in young children and it 
has been demonstrated that both the concentration of the solution 
and the total dose of methohexitone administered can alter the 
clinical effectiveness and plasma concentration of the drug. i,~ 
Despite persistence of significant plasma methohexitone con- 
centrations for up to two hours following drug administration, 

previous investigators have concluded that rectal methohexitone 
does not prolong postoperative recovery. 3,4 However, in these 
studies only a single dose of rectal methohexitone was evaluat- 
ed. The purpose of this study was to compare postanaesthesia 
recovery following 15 or 30 mg "kg-~ rectal methohexitone for 
induction of anaesthesia in children. 

Methods 
Twenty-two children were studied after obtaining informed 
parental consent. Each child was randomly assigned to receive 
15 or 30 nag. kg- ~ two per cent rectal methnhexitone and parents 
remained with their child until the onset of sleep. Sleep was 
defined as loss of consciousness, unresponsiveness to verbal 
stimuli and absence of voluntary movement when unstimulated. 
Time from administration of methohexitone until the onset of 
sleep was noted and anaesthesia continued with nitrous oxide 
and halothane in oxygen. Children not asleep 15 minutes 
following drug administration underwent inhalational induction. 

Following completion of surgery, anaesthesia was discon- 
tinned and children awakened in the recovery room with their 
parents. Total operative time, recovery time and recovery room 
scores were determined by a blinded observer using Steward's 
postanaesthesia scoring system, which assigns points based 
upon level of consciousness, ability to maintain an airway and 
patient movement. Scores for each patient were determined 
upon admission to the recovery room; at 5, 15, 30 and 60 
minutes following admission; and at discharge. Results are 
expressed as mean + SD. 

Results 
The two groups of children were comparable in age, weight and 
duration of surgery. Recovery time and postanaesthesia recov- 
ery scores are shown in Tables I and 1]. 

TABLE I Demographic data 

M ethohexitone M e thohexitone 
15 rag. kg -I 30 mg. kg -I 

Age (months) 39.6 "4" 9.0 38.8 • 21.0 
Weight (kg) 14.8 • 2.5 14.3 --_ 4.4 
Total dose (rag) 221 -+ 37 430 --- 131 
Induction time (rain) 9.3 -+ 2.2 6.7 - 2.0 
Surgical time (rain) 75 - 38 74 - 23 
Recovery time (rain) 70 • 96 101 • 71 

TABLE II Recovery room scores 

Methohexitone Methohexitone 
Recovery room time 15 rag. kg -t 30 rag. kg-t 

Admit 2.6 - 1.7 1.3 --- 1.2 
5 minutas 3.6 �9 1.6 2.3 • 2.1 
15 minutes 4,6 • 1,4 3.3 -+ 2.0 
30 minutes 5.3 • 1.2 4.8 -+ 1.5 
60 minutes 6.0 • 0.0 5.3 -+ 0.9 
Discharge 6.0 -+ 0.0 5.6 • 0.5 
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Discussion 
Although increasing the dose of rectal methohexitone improves 
the speed and efficacy of induction, it also prolongs postopera- 
tive recovery. In addition, among the children monitored by 
pulse oximetry in the recovery room, desaturation (San < 95 
per cent) occurred more frequently following 30 m g ' k g  -1 
methohexitone (45 vs 0 per cent). We conclude that large doses 
of rectal methohexitone prolong recovery and may increase the 
risk of postoperative hypoventilation and hypoxia. 
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Anaesthetic outcomes at a children's hospital 1982-87 
M.M. Cohen, C.B. Cameron 
University of  Manitoba 

There have been few studies looking at the outcomes of 
anaesthetic care for the paediatric population. For this study, we 
used a computerized database of 29,220 anaesthetics which had 
been administered at the hospital from mid-1982 to 1987 
inclusive. For each child attended by a paediatric anaesthetist, 
an anaesthetic record was completed which included informa- 
tion about preoperative medical conditions, age, physical status 
(ASA), preoperative tours, airway management, and anaesthet- 
ic drugs administered. During the course of the procedure, any 
intraoperative events requiring action on the part of the 
anaesthetists were recorded on the same form. Adverse events 
occurring in the recovery room were added to the record by the 
recovery room nursing staff. Within three days of the procedure, 
a designated anaesthesia follow-up nurse reviewed all anaesthe- 
sia records and available hospital charts recording any adverse 
events which occurred after surgery. For in-patients an interview 
was carried out with the child or parents whenever possible. This 
information was added to the record. The final record was 
returned to the attending anaesthetist for review prior to data 
processing. 

Of the children, 1.24 per cent were less than one month, 8.71 
per cent were 1-12 months, 46.15 per cent were 1-5 years, 
24.95 per cent were six to ten years and 19.33 per cent were 11 + 
years. 76.69 per cent were classified as physical status (ASA) I, 
18.13 per cent were ASA II, 4.23 per cent were ASA III, 0.70 
per cent were ASA IV and 0.12 per cent were ASA V. The 
majority of children had no preoperative medical conditions 
(71.7 per cent). Of those with preoperative conditions, 5.7 per 
cent had upper respiratory problems, 4.4 per cent had a lower 
respiratory condition, 2.8 per cent had cardiovascular disease, 
4.5 per cent had museuloskeletal conditions, 2.0 per cent had 
metabolic disease (mainly diabetes), 1.1 per cent had renal 
problems, 2.6 per cent were on drug therapy, and 14.5 per cent 
of the cases had other conditions. 

The surgical site varied considerably with the age of the child. 
Among neonates, the most frequent surgical sites were intraab- 

dominal (42.1 per cent), major vascular (12.7 per cent) and 
endoscopy (8.3 per cent). For children 1-12 months, the most 
common sites were EENT ( 18.2 per cent), intraabdominai (17.6 
per cent) and operations on the extremities (12.0 per cent). For 
children over one year of age the most frequent sites were EENT 
(about 50 per cent) followed by other head and neck and 
extremities. Of  228 major vascular procedures, 39 per cent were 
performed on children less than one year of age. 

There were relatively few intraoperative events noted during 
the study period. (Note all rates expressed per 10,000 anesthet- 
ics.) Among children less than one month, the most commonly 
seen events were classified as "other respiratory" (croup, 
larygnospasm, apnoea) with a rate of 720 per 10,000 anesthet- 
ics; hypotensive episodes were seen at a rate of 388 per 10,000. 
The majority of the neonates (85.32 per cent) and 93.08 per cent 
of infants had no intranperative problems. Children aged one to 
five years had the lowest rate of intraoperative events with 
arrhythmia accounting for the highest rate (391 per 10,000). 
93.33 per cent of these children had no problems during 
operation. For children over six years of age, arrhythmias were 
the most frequently seen events (933 for children six to ten years 
and 561 for children over 11 years). Overall 91.5 per cent of all 
children had no problems during the course of the procedure. 

In the recovery room, the most common events for neonates 
were problems with "other respiratory" and temperature regula- 
tion (rates of 1163 and 471 per 10,000 respectively). For the 
older children vomiting became more of a problem. More 
postoperative events (occurring within three days of surgery) 
were seen than for recovery room occurrences. For children 
under one year, the most frequent events were respiratory and 
temperature regulation. For children over one year, the most 
common postoperative events related to nausea and vomiting. 
For all children included in the study, the rate of nausea and 
vomiting postoperatively was 2451 per 10,000, "other respirat- 
ory" incidents was 241 per 10,000 and problems with tempera- 
ture regulation was 233 per 10,000. 

Children under one month of age had the highest rate of 
intraoperative and immediate psotvperative problems. How- 
ever, these children were more likely to be rated with higher 
physical status scores (13 per cent of neonates were physical 
status IV or V compared to 0.8 per cent of the whole series) and 
were more likely to undergo major vascular procedures. The 
clinical management of these children is an evolving challenge 
to the skills and knowledge of the practising anaesthetist. 

Propofol versus diazepam in outpatient arthroscopy 
R.G. Johnston, E. Konopad, K. Jivraj, D. Hunt 
University of  Alberta 

A randomized double-blind study was undertaken to compare 
the safety and efficacy, and the speed and quality of recovery of 
propofol with diazepam in adult patients undergoing outpatient 
anhroscopic procedures. Sixty .adult patients (ages 18-65) 
underwent arthtoscopy of the knee utilizing intra-articular local 
anaesthetics (lidoeaine and bupivicaine) and IV sedation with 
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fentanyl Izg �9 kg -~) and propofol or diazepam. The propofol and 
diazepam were administered in lipid emulsions which were 
prepared by a pharmacist such that all patients received 
equivalent volumes for initiation and maintenance of sedation. 
A loading dose of 0.8 mg '  kg- i of propofol, or 0.07 mg '  kg- ~ of 
diazepam, was given five minutes after the fentanyl. An infusion 
of 3 m g ' k g - t ' h r  - '  of propofol, or 0.2 mg 'kg-~-hr  -1 of 
diazeparn, was started immediately after the loading dose and 
titrated to maintain the patient with his eyes closed but reusable 
to command. Boluses of 25 per cent of the loading dose were 
also given as needed. Heart rate (HR), blood pressure (BP), 
respiratory rate (RR), oxygen saturation and depth of sedation 
were monitored throughout the procedure. The infusion was 
discontinued at the end of surgery and the time to eye opening, 
response to command, orientation and suitability for discharge 
was recorded by a blinded research nurse. The patients complet- 
ed a digit symbol substitution test (DSST) prior to surgery and 
repetitively postoperatively until discharge. The patients were 
shown a series of six pictures pre- and postoperatively, which 
they were asked to recall at discharge. All patients were 
contacted 24 and 48 hours postoperatively and queried about 
their experience and side-effects. 

Fifty-nine cases were evaluable. The groups were comparable 
in age, sex distribution, ASA class, and duration of surgery. The 
procedures performed were arthroscopic maniscectomy, chon- 
&oplasty and diagnostic arthroscopy. The patients received a 
mean dose of 2.26 --- l. 20 rag. kg- t of propofol and 0.26 -+ 0.11 
mg '  kg -~ of diazepam. Despite vigorous attempts to achieve a 
standard level of sedation, the propofol patients were more 
heavily sedated (eyes closed but reusable or unrousable) than the 
diazepam group (60 per cent versus 29 per cent, P < 0.01). All 
patients tolerated the procedure well. One patient in the 
diazepam group developed severe urticaria; no allergic reactions 
were evident in the propofol group. There were no clinically 
significant changes in HR, BP, or RR in either group. Three 
patients in each group required supplemental oxygen for a 
saturation below 90% for several minutes. Three propofol 
patients and two diazepam patients had upper airway obstruction 
relieved by chin lift. The surgeon rated the operating conditions 
in all cases as equivalent to those available with general or spinal 
anaesthesia. 

There were no differences between the groups in time to eye 
opening, response to command, or orientation. The propofol 
patients were suitable for discharge in 31 --- 22 minutes, 
compared with 34 -+ 21 minutes in the diazepam group. All 
patients were ready for discharge in less than 90 minutes. The 
postoperative performances on the DSST were similar in the two 
groups. Picture recall in the propofol group was greater than in 
the diazepam group (P < 0.05). 

In summary, intra-articular analgesia with local anaesthetics 
plus supplemental sedation with propofol or diazepam is a 
simple, safe technique for outpatient arthroseopic surgery which 
provides excellent operating conditions, a pleasant experience 
for the patient, and rapid discharge. 

Sufentanil-nitrous oxide-pancuronium anaesthesia and 
low.dose isoflurane 
R, Eastley, L. Strunin 
University of Calgary 

Sufentanil is a potent narcotic analgesic with marked hypnotic 
properties even at modest dosage. Caution has been expressed 
with regard to supplementation of sufentainl anaesthesia with 
volatile agents lest potentiation and prolonged recovery result. 
However, there are no data specific to isoflurane and sufcntanil 
to support this view although some pharmaeokinetic data exist 
for an interaction between halothane and fentanyl) '2 Thus 
the current study was designed to determine whether low- 
dose isoflurane supplementation of sufentanil-nitrous oxide- 
pancuronium anaesthesia influenced cardiovascular stability or 
postoperative recovery. 

Methods 
Following institutional approval, cardiovascular stability and 
postoperative recovery were studied in 40 consenting healthy 
patients who received either standardised balanced anaesthesia 
of sufentanil (1.7 Izg. kg-  t)-nitrous oxide-pancumnium (Group 
I) or the same technique with the addition of 0.5 per cent 
isoflurane (Group II). All patients underwent elective major 
gynaecological surgery and a randomised single-blind design 
was used. The patients were premedicated with diazepam 0.25 
rag" kg - t orally two hours preoperatively. In the operating room, 
following preoxygenation, d-tubocurarine 50 p.g'kg -~ and 
droperidol 15 v,g" kg -1 were given intravenously. Anaesthesia 
was induced with thiopentone 1-2 mg.  kg - t and suecinyleholine 
1.5 mg '  kg-1 was given to facilitate tracheal intubation. Then 
nitrous oxide (66 per cent) was commenced and paneuronium 
0.07 rag. kg-  ~ given as an initial dose with further increments as 
necessary. All patients received sufentanil 1.7 ~g- kg-  t ; isoflur- 
one (0.5 per cent) was given according to the randomization 
using a vaporiser outside a closed circle system with a fresh gas 
flow of three litres per minute with a ventilation of 100 
ml.  kg-  i. rain- i. Cardiovascular variables were measured using 
an automatic osciltometric device and a continuously reading 
electrocardiograph monitor. Times from reversal of neuro- 
musclar blockade to correct response to verbal command, 
tracheal extubation and orientation were recorded. 

Results 
There were no significant between-group differences with 
respect to demographic variables, length of surgery or ASA 
class. Both groups showed significant reduction from control for 
systolic (SAP), diastolic (ADP) and mean arterial pressure 
(MAP) at all times of measurement to five minutes post- 
incision. There was no significant difference from control in 
heart rate (HR) in Group I; however, Group II continued to 
demonsU'ate a significant reduction in heart rate (HR) to 30 
minutes post-incision. There were no differences between 
groups in change from control value for SAP, DAP, MAP, or 
HR. There was no evidence of a change of these variables 
(absence of treatment x time interaction). Comparison of the 
range for each variable during surgery showed no difference 
with respect to arterial pressures but a significantly greater 
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fluctuation in heart rate in Group I. There were no significant 
between-group differences in any measure of recovery exam- 
ined. There was, however, a trend towards an increased time to 
correct orientation in Group H. There was no reported awareness 
in either group. Adverse effects occurred in nine patients in 
Group I and in six patients in Group II (P = 0.2987, Fisher's 
exact). The most common adverse effect was nausea and/or 
vomiting (occurring in five patients in each group). Postopera- 
tive analgesic and antiemetic requirements were similar in both 
groups. 

Conclusion 
The authors conclude that low-dose isoflurane may be used in 
conjunction with moderate dose sufentanil for major surgery. 
Cardiovascular stability and good recovery conditions are 
maintained. 
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Alfentanil-nitrous oxide anaesthesia for cystoscopy in 
elderly patients. A comparison of bolus versus incremental 
techniques 
M.J. Fairbrass, L. Stronin 
University of Calgary 

Alfenmnil is an opioid chemically related to fentanyl but with a 
more rapid onset, shorter duration of action and one-third as 
potent, l Studies in young patients having minor surgical 
procedures have shown that alfentanil, given as a bolus, is an 
acceptable alternative to fentanyl with more rapid recovery and 
thus significant advamage for outpatients. However, there have 
only been limited studies in elderly patients, such as those 
undergoing cystoscopy. 2 Therefore the present study was 
designed to assess the efficacy of alfentanil in both bolus and 
incremental doses in patients scheduled for cystoscopy under 
general anaesthesia. 

Methods 
Following institutional approval, 18 unpremedicated consenting 
patients were randomised to two groups (B and l). In the 
operating room noninvasive monitoring of blood pressure, ECG 
and pulse oximetry were established. All patients were pre- 
oxygenated for two minutes and following droperidol 1 mg IV 
received either received 15 v.g-kg - I  of alfentanil as a bolas 
(Group B - age, 60.8 sd 19.3), or 7 I~g'kg -t of alfentanil 
with increments (Group I - age, 57.4 sd 8.8) of 0.1-0.2 mg as 
indicated in response to surgical stimulation. Thiopentone was 
given to abolish the eyelash reflex and then 70 per cent nitrous 
oxide was added to the inspired gas mixture. Increments of 
thiopentone, to a maximum of 7 mg- kg -  t were given to both 
groups in response to hypertension, tachycardia, lacrimation or 

movement; if  this was unsatisfactory isoflurane was added to the 
inspired gas mixture. Heart rate, blood pressure, apnoea, muscle 
rigidity, movement and sweating were recorded. Time from the 
end of surgery to eye opening, response to patient's name and 
ability to place a finger on the nose were also recorded. 
Discharge time was defined as the first ten-minute period when 
the patient was considered fit, by virtue of state of orientation, 
wakefulness and comfort, to be returned to the daycare unit 
waiting area. 

Results 
There were no demographic differences between the two groups 
or significant differences in cardiovascular variables, surgical 
time or recovery criteria. Total doses of thiopentone and use of 
isoflurane were not significantly different for the two groups. 
However, there was 100 per cent incidence of apnoea in Group B 
(P = 0.0001) accompanied by rigidity and movement in three of 
the nine patients. As instrumentation was deemed potentially 
harmful under these conditions the study was concluded. In 
Group I only one patient became apnoeic after induction of 
anaesthesia and rigidity and movement were not significant. 

Conclusion 
Alfentanil is only suitable for outpatient cystoscopy in elderly 
patients when given in small doses, with increments in response 
to surgical stimulus. Bolus doses cause an unacceptable inci- 
dence of centrally mediated apooea, rigidity and movement with 
potential hazard when instrumentation is performed. 
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Pharmacoklnefies of two methods of intranasal 
nifediplne administration after cardiac surgery 
G. O'Leary, S. Laganiere, M. McGilvery, B. Foster, 
P. Young, D. Weisel, S. Teasdale 
University of Toronto 

Intranasal (IN) rather than sublingual administration of nifedip- 
ine (NIF) 10 mg is more attractive to anaesthetists because of its 
faster onset of antihypertensive effect (2 vs 5 rain) t and its higher 
peak serum concentrations (58 vs 10 ng'ml-~.  2'3 This study 
sought to determine which of two methods of IN Nlf administra- 
tion was more reliable. 

Methods 
Sixteen patients undergoing elective coronary bypass surgery 
gave written informed consent to the institutionally approved 
protocol. Patients who developed hypertension, defined as a 
mean arterial pressure (MAP) > 95 mmHg within four hours of 
surgery, were randomized to receive IN NIF 10 mg by one of 
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FIGURE Mean serum concentrations. 

TABLE Pharmacokinetic/demographic data 

Satl alcohol Direct 

Age (yr) 53 --- 17 58 -+ 10 
Weight (kg) 84 -+ 14 70 -~ 14 
C~x (rig "ml-I) 107 ---- 23 1[6 +-- 4t 
T=~ (hr) 0.38 - 0.2 0.37 -+ 0.26 
TtB (hr) 2.39 - 1.31 2.91 -+ 1.74 
AUC (ng'ml -t hr -~) 230 -+ 78 299 -+ 217 

two methods. Either the contents of a 10 mg capsule were 
squeezed directly (direct) into the nasal cavity or the contents of 
a 10 mg capsule were aspirated into a foil covered syringe 
containing 1 ml normal saline and 0.5 ml of 80 per cent ethyl 
alcohol (sal/aleohol) 2 and instilled into the nasal cavity. Haemo- 
dynamic data were recorded and plasma samples obtained at 0, 
5, 10, 20, 30, 45 minutes and 1, 2, 4, 6, 8, 12 hours for 
measurement of NIF concentrations. 

Results 
Mean NIF profile (Figure), mean peak concentration (Cm~), 
time to Cm~ (TmB~) and the area under the curve (AUC) were 
similar between groups (table). However, the standard deviation 
of all kinetic parameters was larger with the direct method 
indicating increased variability. This variance was significantly 
different for AUC (P = 0.015). Onset of action occurred within 
five minutes with a 22 per cent and 5.7 per cent decrease in MAP 
with sal/alcohol and direct methods respectively. Baseline mean 
MAP was 105 mmHg in both groups. Mean MAP < 90 mmHg 
was obtained within five minutes with sal/alcohol but not until 
45 minutes with the direct method. 

Discussion 
The sal/alcohol method is more reliable (less variability) and 
appears more effective. 

Large conductance calcium channel in malignant 
hyperthermia sarcoplasmic retieulum membranes is 
blocked by dantrolene 
L. Parra, B.A. Suarez Isla, J.R. Lopez 
CBB - lnstituto Venezolano de lnvestigaciones Cientifieas 

Malignant hyperthermia (MH) is a pharmacogenetic disorder of 
skeletal muscle which has been associated with a malfunction of 
intracellular calcium homoeostasis. Damrolene is a direct 
muscle relaxant which has been used in the treatment ofMH. We 
have recorded single channels conductance present in native 
membranes of sarcoplasmie reticulum (SR) vesicles isolated 
from MH skeletal muscle (Poland China) swine and studied the 
effect of dantrolene. Muscle free of adipose and connective 
tissue was homogenized in 20 ml of 0.3 M sucrose, 10 mM 
Hepes (pH 7.4). The sareoplasmic retieulum fraction was 
immediately prepared following the method described by 
Martonosi and Feretos (J Biol Chem 1964,239: 648). At the end 
of the isolation poacedure, aliquots of 1130 p,I of the preparation 
were resuspended in 0.3 M sacarose and stored at - 7 0  ~ C at a 
final protein concentration of about 5 rag '  m l - I  Channels were 
incorporated into Muener-Rudin planar bilayers (POPE:PC:PS 
= 5:3:2) and studied in 37 mM trans Ba-Hepes and 225 Hepes 
tfis in the cis compartment to which micromolar calcium and 
drugs were added. Single channel conductance was 180 + 10 pS 
as obtained from the linear I/V relationship ( - 3 0  to +25 mV 
applied in cis) that extrapolated to + 30 mV indicative of 

FIGURE Effects of dantrolane at two different concentrations on 
single calcium channel conductance. 
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PBa/pTris of 10. Fractional open time (PO) was voltage- 
independent but showed strong dependence to dantrolene 
concentration (Figure). The effect was due to a significant 
increment of the time constant (slow) associated with a slow 
component of the closed interval distribution that accounted for 
more than 60 per cent of all closures. This effect of dantrolene 
might be associated with its prophylactic and therapeutic effect 
observed in MH susceptible subjects. 

Supported by Grants from NIH 35981 and Tinker Foundation, 
CONICIT of Venezuela (S 1-1277), MDA and FONDECYT. 

The enflurane sparing effect of hypothermia 
R.I. Hall, R. Hawwa 
Dalhous ie  University 

Hypothermia reduces the anaesthetic requirements (MAC) for 
the volatile agents hal*thane t and isoflurane. 2 An extensive 
literature search failed to find a similar rel~rt concerning the 
effects of hypothermia on enflurane MAC (EMAC). This study 
determined the anaesthetic efficacy of hypothermia in terms of 
its ability to reduce EMAC in the dog. 

Methods 
Mongrel dogs (n = 9) weighing 18.7 • 2.9 kg (values expressed 
as mean --- SD) were anaesthetized by mask with five per cent 
enflurane in oxygen. After tracheal intubation, mechanical 
ventilation maintained normal blood pH and gas values. 
Lactated Ringer's solution at 10-15 ml. kg-~ �9 hr-  i was infused. 
Variables monitored included urinary output, heart rate, temper- 
ature (from the tip of the pulmonary artery catheter (core) and 
bladder catheter (n = 1)), pressure (systemic arterial, pulmonary 
arterial and pulmonary artery occlusion), arterial blood gases, 
cardiac output by a thermodilution technique, and end-tidai 
enflurane concentration recorded by a Puritan Bennett 222 
Anaesthesia Agent Monitor (sensitivity 0.1 per cent). EMAC 
determinations were made according to the tail-clamp method. 
Graded degrees of hypothermia were induced with the aid of a 
co,ling/warming blanket. EMAC was determined in sequence 
for all dogs 36-38* C (control 37~ 33-35 ~ C (33 ~ down); 
28-30 ~ C (28 ~ C); and during rewarming at 33-35 ~ C (33 ~ up) 
and 36-38 ~ C (370 up). Differences between normothermie 
EMAC and EMAC measured at any other temperature level 
were determined by a one-way analysis of variance. P < 0.05 
was considered statistically significant. 

Results 
EMAC was 2.23 --. 0.33 per cent for dogs maintained under 
nurmothermic conditions (36.8 • 1.0" C) (Table). Hypotherrnia 
produced increasing degrees of EMAC reduction (9,9 - 10.9 
per cent at 32.5 --+ 0.6* C (NS); 35. l - I 1.5 per cent at 29.6 -+ 
0.5* C; (P < 0.05 vs control, 33 ~ down, 33 ~ up)). Gradual 
rewarming resulted in a return ~wards the control MAC (12.8 • 
16.1 per cent at 32.8 --- 0.5* C (NS); 0.6 • 14.1 per cent at 36.1 
+-- 0.5 ~ C (NS) (Table)). There was no hysteresis of effect of 
hypothermia on EMAC reduction. 

TABLE Per cent reduction of EMAC due to hypothemaia (raean __ SD) 

Measurement 
point Control 33 ~ down 28 ~ C 

Temp (~C) 36.7 • 1.0 32.5 : 0.5 29.6 • 0.5 
EMAC (%) 0 9.9 -+ 10.9 35. I + 11.5 

Measurement 
point 33* up 37 ~ up 

Temp (~ 32.8 -+ 0.5 36.1 • 0.5 
EMAC (%) 12,8 • 16.1 0.6 • 14.1 

P < 0.05 vs control and 37 ~ up. 
P < 0.05 vs 33 ~ down and 330 up. 

Discussion 
Hypothermia reduced EMAC by 3.9 per cent per ~ fall in 
temperature but the decline was non-linear with the degree of 
reduction at 32.5 o C not statistically different from the control 
value at 36.8 ~ C. This is in contradistinction to hal*thane in 
dogs ~ and rats 2 and isoflurane in rats. 2 Possible reasons for this 
discrepancy include a larger number of animals studied in this 
study, or fewer measurement points in this study. It is concluded 
that hypothermia produces a reduction in enflurane anaesthetic 
requirements but the degree of reduction produced over the 
temperature range encountered for most anaesthetics is minimal. 
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Propofol vs Thiopental for the induction and 
maintenance of total intravenous anaesthesia 
H, Kashtan, G. Edelist, J. Mall*n, D. Kapala 
University o f  Toronto  

Sixty unpremedicated ASA physical status I or II adult patients 
undergoing elective surgical procedures were randomly as- 
signed to receive either propofol (n = 30) or thiopentone (n = 
30) as total intravenous anaesthesia. Preoperative baseline 
psychomotor function assessments included: (1) deletion of p's; 
(2) Trieger dot; (3) visual analogue of symptoms and (4) 
Rhomberg test. 

The induction sequence consisted of d-tubocurarine 3 rag, 
fentanyl 1.5 p,g-kg -l ,  followed in three minutes by either 
propefol 2.0-2.5 rag. kg- t or thiopentone 4.5-5.0 m g '  kg -~, 
intravenously. Following loss of eyelash reflex snccinylcholine 
1.5 nag .kg -I was given prior to intubatiun. Anaesthesia was 
maintained with an infusion of either one per cent propofol 
(0.1-0.2 rag. kg-1. min-~) or 2.5 per cent thiol~ntone (0.16- 
0.32 nag" kg-  ~. min- t), titrated to patient response. Relaxation 
was maintained by a 0.2 per cent succinylcholine infusion, and 
the lungs were ventilated with air/oxygen mixtures only. 
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TABLE I Induction/maintenance dosages and times 

Propofol Thiopentone 

Induction dose (mg-kg) 2.18 -~ 0.37 4.81 • 0.43 
Cessation of counting (see) 42.2 • 27.1 29.8 - 6.1" 
Loss of lid reflex (so:) 48.6.4- 29.6 37.3 • 8.0"t 
Total dosage administered 

(mg'kg -~) 6.2 --- 2.5 I2.8 • 4.0 
Duration of anaesthesia (rain) 25.3 • 16.5 24.1 • 12.0 

*P < 0.02. 
fP < 0.05. 

TABLEII Recovery times 

Propofol Thiopentone P 

Eye opening (rain) 6.4 • 4.3 13.9 • 15.9 <0.02 
Response tu verbal command 

(min) 7.6 • 6.30 15.4 • 16.6 <0.02 
Orientation (rain) 22.7 -+ 12.8 36.2 • 23.1 <O.01 
Aldrate score of 10 (rain) 34.0 • 22.0 56.6 • 24.8 <0.001 
Tulerate fluids (min) 24.1 • 24.0 25.1 • 32.3 N.S. 
Sit independently (min) 44.9 "+ 22.8 41.1 _ 30.7 N.S. 
Ability to walk at discharge 

(no.of patients) 19 8 <0.01 
PARR discharge (min) 71.1 + 12.4 78.4 • 14.6 <0.05 
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FIGURE Perioperative hearl rate and BP. 

Although induction times (Table I) were 40 per cent longer 
following propofol, all inductions were smooth and uncompli- 
cated. Supplemental boluses of 1-2 ml of intravenous agent 
were required to treat signs of light anaesthesia in six propofol 
patients and two thiopentone patients; in nu case were more than 
two such boluses necessary. Only one patient (thiopentone 
group) complained of intraoperative awareness. 

Mean peak heart rates and blood pressures post-intubation 
were significantly lower under propofol anaesthesia (Figure). 
Mean intraoperative heart rates were likewise lower with 
propofol at 15 and 30 minutes, and post-extubation. 

Recovery times (Table 1I) from discontinuation of infusions 
were shorter by 37-54 per cent in those receiving propofol. 
Dizziness sufficient to prevent standing in the recovery room 

was experienced by 16 patients receiving thiopentone versus 
only four receiving propofol (P < 0.01). Trieger dot tests in the 
recovery room showed that the mean number of dots missed was 
significantly lower following propofol (6.0 -+ 6.4 vs 10.3 + 8.0, 
P < 0.05). The incidence of nausea and vomiting (18% overall) 
did not differ between groups. 

Post-operative adverse symptoms as assessed by visual 
analogue at 24 hours showed no difference in 14 of the 15 
symptoms; a subjective decreased ability to concentrate was 
found in the thiopental group. 

We conclude that propofol compares favourably to thiopental 
for total intravenous anaesthesia and enables earlier recovery of 
psychomotor and cognitive function. 

Cardiovascular effects of combination of nan-depolarlzing 
neuromuscular blockers in patients with coronary artery 
disease 
M. Saeed Dhamee, A.C. Reynolds, T. Olund, J. Entress, 
J. Kalbfleisch 
Medical College of Wisconsin 

Combining two non-depolarizing relaxants achieves a degree of 
neuromuscular blockade and reduction of cardiovascular effects 
with lower dosage than would be anticipated from individual 
agents. The blood pressure and heart rate effects of the 
combination of paneuronium and metocurine are less than of 
pancuronium alone. The present study was undertaken to 
compare the cardiovascular responses with the combination of 
pancuronium + atracurium (P+A),  atracurium + vecuronium 
(A+V),  and pancuronium + vecuronium (P+V) when used 
with sufentanil in patients with coronary artery disease. 

Methods 
All patients were premedicated with morphine sulphate 0.15 
m g . k g  -~ and scopolamine 0.2 to 0.4 mg IM. Induction of 
anaesthesia was standardized to sufantanil 8 ~g .  kg-~ diluted to 
100 m/ in  normal saline and infused over eight to ten minutes. 
Four mg oflorazepam was given during this infusion. Pancuron- 
ium O. 1 m g '  k g -  t + atracurium 0.5 mg.  k g -  ~ or atracurium 0,5 
m g . k g  -1 + vecuronium 0.1 m g ' k g  -I  or pancuronium 0.1 
mg" k g -  ~ + vecuronium 0.1 rag '  k g -  * were administered during 
the infusion of sufentanil. Haemodynamic measurements were 
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TABLE 

Period I Period 2 Period 3 Period 4 

HR 
A+P 69.3 �9 15.7 66.8 --. 11.4 64.8 • 11.9 70.6 -- 13.4 
A+V 71.8 -+ 17.3 66.3 • 14.6 64.1 • 14.9 74.0 --. 15.7 
P+V 70.0-+18.1 7 3 . 0 - 2 2 5  72.3• 76.3• 

MAP 
A+P 86.6---15.5 69.6• 70.3• 81.1--.7.9 
P+V 101.3 - 25.1 75.5 - 15.8 75.4 • 15.3 77.5 -+ 11.3 
P+V 94.2 - 16.0 79.3 --. 16.6 78.7 • 15.2 80.5 --. 15.7 

PCWP 
A+P 18.1 -+ 5.8 14.2 + 4.9 14.2 + 5.2 16.1 -+ 6.1 
A+V 15.1 - 7.9 10.4 • 4.3 l l . l  - 4.2 11.6 • 4.8 
P+V 16.0 - 4.6 13.3 - 3.8 13.3 --. 4.4 12.8 • 4.3 

C1 
A+P 9.5 • 0.4 2.4 -+ 0.5 2.3 -+ 0.4 2.5 -+ 0.6 
A+V 2.4 -+ 0.4 2.4 -+ 0.8 2.4 • 0.7 2.4 - 0.9 
P + v  2.5 -- 0.5 2.7 -.+ 0.9 2.7 -.+ 0.8 2.8 : 1.2 

recorded at the following time: Period 1: In OR before 
induction; Period 2: Two minutes after completion of sufentanil 
+ muscle relaxant; Period 3: Five minutes after completion of 
sufentanil + muscle relaxant; Period 4: Immediately after 
intubation. Differences in patterns of mean responses between 
the three study groups were analyzed by analysis of variance 
(repeated measures) and the least significant difference test. 
Probability levels of 0.05 or less are used to indicate statistical 
significance. 

Results 
Baseline measurements as well as haemodynamic responses to 
induction of anaesthesia and intubation are presented in the 
Table. Although there ate some changes observed in individual 
combinations but when they are compared against each other 
(combinations) this study did not show any statistically signifi- 
cant differences in the variables observed. 

Discussion 
Pancuroninm is known to cause tachycardia which may be 
detrimental in patients with poor ventricular function while 
atracurium and veeuronium produce very little haemodynamic 
changes, Heart rate change in all of the combinations of the 
study showed no significant changes from base line and there 
was no significant intergroup difference. Same is true for cardiac 
index. However, mean arterial pressure and PCWP was lowered 
significantly in all combinations but again when compared 
against each other there was no difference. None of the changes 
in the parameters observed required any imervention with 
medication. Since the combination of muscle relaxants when 
combined with sufentaniI as used in this study did not show any 
major cardiovascular changes, provided good intubating condi- 
tions and have no intergroup differences, it is proposed that 
combination of muscle relaxants offer a good alternative to the 
standard technique of using a single muscle relaxant which 
might individually have untoward effect on the haemodynamies. 

Comparison of single patch multi-day versus multiple 
patch single day TTS fentanyl 
S.D. Bell, M.E. Goldberg 
Thomas Jefferson University, Philadelphia, Pennsylvania 

Inadequate analgesia can be a major complaint following most 
surgical procedures. One concern with parenteral administration 
of narcotics for postoperative pain relief is the wide fluctuations 
observed in the plasma concentrations and the associated periods 
of inadequate analgesia or the risk of respiratory depression. 
Fentanyl, a potent synthetic opioid, has been incorporated into a 
transdermal therapeutic system (TTS) ~ which consists of a 
fentanyl reservoir and a rate-limiting membrane to provide 
constant release of fentanyh 2 The purpose of this investigation 
was to evaluate the safety and efficacy and the pharmacokinetics 
of fantanyl following 'ITS patch applications for analgesia in 
post-surgical patients. 

Methods 
Patients were selectively assigned to two groups, All patients 
were ASA physical status 1-1/I undergoing intra-abdominal 
eolurectal surgery. Informed consent was obtained from each 
patient in this IRB approved study. Two hours prior to surgery 
the TTS patch delivering 75 ~g .  hr-  ~ of fentanyl was placed on 
the upper chest of the patients. Premeditation was diazepam (10 
rag, PO) one hour prior to induction. Anaesthesia was induced 
with thiopentone (4 mg 'kg  -t)  with intubation facilitated by 
suecinylcholine (1.5 m g ' k g - I ) .  Maintenance of anaesthesia 
consisted of N20/O2 (60/40 ratio), isoflurane, pancuronium as 
needed and 300 ~g fentanyl (given in the first hour). Group one 
had the initial TTS patch replaced, at different sites, by a second 
and third patch at 24 hours and. 48 hours, respectively. Group 
two had the 'ITS patch remain in place for 72 hours. 

Twenty serial blood samples were obtained over 120 hours. If  
needed additional postoperative analgesia consisted of morphine 
sulfate (2 mg IV) in the recovery room, and (5 mg IM) every four 
hours thereafter. Vital signs, degree of pain, and degree of 
sedation were monitored frequently. 

Results 
Tables I and II summarize results. In group one and two the 
mean terminal elimination half-life of fentanyl was 16.6 (8,7) 
hrs and 19.6 (5.2) hrs respectively, with the mean steady-state 
serum concentration of fentanyl being 2.58 (1.95) mg" ml-  ~ and 

TABLE I Summarizes results Group [ 

Day 1 Day 2 Day 3 

Range: mean visual analog 
pain score 2.4-7.6 0.6-4.6 1.2-5.3 

Range mean respiratory 
rates 12.4-27 13.9-21.4 13.3-20.9 

Nausea 27 36 9 
Vomiting 9 18 0 
Mg supplemental 

morphine/pt 16 3.6 4.9 
Number patients l0 3 4 
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TABLE II Summarizes results Group 11 

Day I Day 2 Day 3 

Range: mean visual analog 
pain score 1.12-7.1 1.12-5.37 0.87-4.87 

Range mean respiratory 
rates 15-20.5 15.2-21.5 17.2-23.7 

Nausea 0% 0% 0% 
Vomiting 0% 0% 0% 
Mg supplemental 

morphine/pt 11.5 11.25 10.6 
Number patients 10 6 7 

1.5 (0.5) m g ' m l  - l  respectively, Skin reactions to the patch 
were minimal. 

Discussion 
The TTS (fentanyl) patches were well tolerated in all patients. 
Pain control was good with 10 of I 1 patients in Group I and eight 
of nine patients in Group II saying that they would want the patch 
in future surgeries. Although the mean plasma fentanyl concen- 
tration seems elevated, clinical respiratory function was good 
with isolated blood gases showing normal PH and PCO2. 
Documentation of the degree of respiratory depression was not 
done, Overall the system appears to be an important advance in 
the treatment of perinperative pain. 

References 
1 ShawJ. Drug Dev lnd Ph~m 1983; 9: 579. 
2 Caplan R. Anesthesiology 1986; 65: A196. 

TABLE 

Control + 1 +5 + 10 

MAP D 73.9(2.3) 72.8(1.8) 75.4(I.9) 74.6(2.0) 
HR D59.4(2.8) 58.7(2.8) 58.3(3.0) 57.9(3.1) 
CI D 2.3(0.1) 2.4(0.1) 2.5(0.2) 2.4(0.2) 

administered when measurements were stable and at least 20 
minutes after intubation. 

Continuous recordings were made of BP, pulmonary artery 
pressure (PAP), and ECG. Recordings of pulmonary capillary 
wedge pressure (PCWP) and central venous pressure (CVP), 
and measurements of cardiac output were made before and one, 
five and ten minutes after administration ofdoxacurinm (Table). 
Results showed no significant changes in mean arterial pres- 
sure (MAP), heart rate (HR) and cardiac index (CI). Mean ( -+ 
SEM) of MAP ( m H g ) ,  HR (beats. min-I), CI (L" rain - I '  m-Z), 
PAP (mmHg), PCWP (mmHg), and CVP (mmHg) before 
(control) and at one, five, and ten minutes after administration 
of relaxant. 

Reference 
1 8asta SJ et aL Neuromuscular and cardiovascular effects in 

patients of BW A938U: a new long acting neuromuscular 
blocking agent. Anesthesiology 1986; 65: A281. 

Effect of enflurane on edrophonium-assisted recovery 
S.S, Gill, F. Donati, D.R. Bevan 
McGill University 

The haemodynamic effects of doxacurium (BWA938U) 
in patients undergoing coronary artery bypass grafting 
B.J. Bracey, D.R. Goldhill, M.H. Bennett, R.S. Emmott, 
R.F. Innis, P.M. Yate, P.J. Flynn 
The London Hospital Medical College, London, England 

Doxacudum (BW A938U) is a new l oog-acting non- 
depolarising neuromuscular blocking agent. Initial studies have 
shown it has minimal cardiovascular effects and a similar 
duration of action to paneuronium. ~ The purpose of this study 
was to assess the haemodynamic effects of a single 1.5 x ED~s 
dose of doxacurium in nine patients during anaesthesk for 
coronary artery bypass grafting. 

Methods 
Ethics Committee approval and informed written consent were 
obtained. Premedication was with oral Iorazepam (2 4 mg) and 
IM papaveretum (15-20 mg) with hyoscine (0.3-0.4 mg). A 
radial artery carmula, peripheral venous cannula and a pulmo- 
nary artery thermodilution catheter were inserted under local 
anaesthesia before induction of anaesthesia with fentanyl 500/.Lg, 
diazemuls 5-10 mg, and thiopentone 50-500 mg. After suecin- 
ylcholine 1 mg "kg -t and topical tylocaine, the patients were 
intubated and ventilated to normocarbia with 50 per cent N20 in 
O2, A 1,5 x ED9s dose of doxacurium (0.037 rag. kg-I), was 

Enflurane potentiates the effect of neuromuscular relaxants and 
may impair recovery. Thus, in the presence of enflurane, a 
larger dose of edrophonium may be required, and if enflarane is 
discontinued, the effectiveness of edrophonium might be in- 
creased. This study was designed to measure this effect 
quantitatively by obtaining dose-response curves for edrophon- 
ium, in the presence of 0, I or 2 per cent end-tidal concentrations 
of enfiurane, and when two per cent enflurane was discontinued. 

Methods 
The protocol was approved by the Hospital Ethics Committee. 
In 100 ASA physical status I or 11 adults, anaesthesia was 
induced with thiopentooe, 3-5  m g . k g  -~. The maintenance 
anaesthetic consisted of either fentanyl nitrous oxide (25 sub- 
jects), nitrous oxide-enflurane 1 per cent (end-tidal) (25) or 
oxygen-enflurane two per cent (end-tidal) (50). Atracurium, 
0.5 rag-kg - t ,  was given. Train-of-four stimulation was applied 
to the ulnar nerve every 12 seconds. At the end of the surgery, 
when first twitch height recovered to ten per cent of control, 
edrophonium, 0, 0.1,0.2,  0.4 or I mg.  kg - t ,  was administered. 
Neuromuscular recovery was measured for at least 10 min. The 
enflurane concentration was maintained constant during this 
time, except that half the patients receiving two per cent 
enflurane had the inhalational agent discontinued at the time of 
edrophonium administration. Train-of-four ratio (TOF) and first 
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TABLE Expected effect of edrephenium, 0.5 mg. kg-~, 10 rain after 
its administration, according to enfluraae concentration. (2 > 0 
indicates 2% discontinued). 

Enflurane TI TOF 
concentration (% • SEM) (% + SEM) 

0% 96-+1 66-+2 
1% 90 - 2+ 52 - 3+ 
2% 82 -+ 3+ 40 • 2+ 
2 > 0  91 -+2* 60-+6* 

+P < 0.05 compared with 0%. 
*P < 0.05 compared with 2%. 

twitch height compared with control (TI) were measured 10 min 
after edrophonium administration and dose-response curves 
were constructed. 

Results 
The doses expected to produce 80 per cent TI recovery (ED80, 
TI) were (mean -+ SEM) 0.08 • 0.03, 0.21 -+ 0.06, and 0.42 : 
0.18 mg.kg-  t for 0, l and 2 per cent enfiurane, respectively (P < 
0.05). With enflurane two per cent discontinued, Tl  response 
was inconsistent. The doses expected to yield 50 per cent TOF 
recovery (ED~0, TOF) were 0.13 -+ 0.05, 0.46 -+ 0. l0 and 1.04 
- 0.38 m g . k g  -1, respectively (P < 0.05), and 0.17 -+ 
0.12 rag '  kg -t with discontinuation of two per cent enfiurane 
(P < 0.05 compared with two per cent). The expected effect of 
edrophonium, 0.5 rag. kg -t  , is shown in the Table. 

Discussion 
This study showed that enflurane causes a dose-related impair- 
ment in edrophouium-assiated recovery of  atracurium-induced 
neuromuscular blockade. This occurred in spite of the fact that 
twitch height was the same when edrophnnium was adminis- 
tered. To achieve the same effect, five to ten times as much 
edrophonium has to be given with two per cent cnfluranc 
compared with nitrous oxide-narcotic anaesthesia. This effect is 
reversed somewhat by discontinuation of enflurane. When high 
concentrations of enflurane are administered, larger doses of 
edrophoniom are required for adequate antagonism. 

Clinical assessment of the adult bullard laryngoscope 
P.R. Saundcrs, A.H. Geisecke 
University of Texas Southwestern Medical Center, Dallas, 
Texas 

The adult Bullard laryngoscope uses the combination of an 
anatomically shaped, rigid blade with fibre optics to aid in direct 
laryngoscopy and intubation. It is useful in the management of 
the normal airway and the difficult airway. Tracheal intubation 
can be performed using various laryngoscopes, a previous study 
found that multiple attempts at intubation were required in 
nearly 20 per cent of patients and in four per cent successful 
intubation was performed with a laryngoscope blade other 
than that originally chosen.t We have evaluated the Bullard 

FIGURE 1 Diagram of the Bullard laryngoscope. 

FIGURE 2 

laryngoscope and report its characteristics, advantages and 
disadvantages. 

Dscription of the laryngoscope 
The complete laryngoscope is shown in Figure 1. The combina- 
tion of the rigid blade with fibre optics results in a robust 
instrument. Use of the intubating forceps mechanism requires 
that the anaesthetist hold the laryngoscope in the dght hand. The 
tracheal tube can be introduced over a stylette with the 
laryngoscope being held in the customary left hand. The 
direction of insertion and the direction of pull to expose the 
larynx are slightly different from the classical laryngoscope 
(Figure 2). 

Assessment 
Laryngoscopy and intubation were performed by the primary 
author and in all cases a fibre optic light source was used, with 
the oral tracheal tube being introduced over a stylette. 

Patients 
Group l - Forty patients undergoing surgery in whom no 
problems with intubation were expected. 2 
Laryngoscopy and intubation were performed following relax- 
ation with vecuronium (0.1 rag, kg-t) .  
Group I] - Five patients with unstable cervical spines and 
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TABLE Time to visualisation & intubation (mean) 

Visualisation Inmbation 

Uncomplicated (Gp l) 6.6 s (n = 40) 16.4 s (n = 37) 
Cervical spines (Gp II) 8.3 s (n = 5) 23.5 s (a = 5) 
Rapid sequence (Gp Ill) 4.5 s (n - 10) 12.0 s (n = 10) 
Awake (Gp IV) 0 0 

fractures requiring laminectomy cervical fusion. This group 
received suceinylcholine (1.5 mg.  kg-  t). 
Group III - Ten patients requiring rapid sequence induction. 
Group IV - Three patients having awake intubation under 
topical anaesthesia. 

Characteristics noted 
- Visualisation of the vocal cords (time to visualisation and 

clarity) 
- Intubation time 
- Trauma (lips, teeth and oco-pbaxynx). 

Results 
The mean times to visualisation and intubation axe shown in the 
Table. In Group 1 there were three failed intubations which all 
occurred in the first ten patients studied. In the awake patient 
good visualisation was difficult to obtain and other means of 
intubation were required. No trauma to the lips or teeth was 
noted, although evidence of blood in the oro-pharynx suggested 
slight tissue damage in four patients. 

Conclusions 
Advantages 
Rapid visualisation of the vocal cords 
Rapid oral tracheal intubation 
Low risk of "failed intubation" 
Less trauma to lips and teeth 
Easier to master than the fibreoptie laryngoscope 
No neck extension or flexion required 

Disadvantages 
Difficult to introduce in the awake patient 
lntubating forceps require right handed laryngoscopy 

References 
1 Phillips OC, Duerksen RL. Endotracheal intubation: a new blade 

for direct laryngoscopy. Anesth Analg 1973; 52: 691-8. 
2 Mallampati SR et al. A clinical sign to predict difficult tracheal 

intubation; a prospective study. Can Anaesth Soc J 1985; 32: 4, 
429-34. 

space volume to VT.~ Gas compression and compliance of the 
breathing circuit can decrease VT delivered to the patient during 
mechanical ventilation. 2 Decreases in lung compliance (CL) that 
occur commonly during anaesthesia increase peak inflation 
pressure (PIP), which increases volume losses within the 
breathing circuit, The purpose of this study was to evaluate the 
relationship between CL and delivered VT and the sites at which 
volume is decreased by compression in the anaesthesia breathing 
circuit. 

Methods 
An anaesthesia machine (Ohio Heidbrink Kinet-o-Meter), an 
electronic ventilator (Ohmeda 7000), a canister filled with soda 
lime, and a circle system (Intertech/Ohio ~ 225-3719-804) were 
attached to a test lung (Michigan Instruments Vent-Aid) by 
which CL could be varied. VT was measured with a rotating vane 
spirometer (Wright Haloscale MX) at the bellows inlet, bellows 
outlet, canister inlet, proximal inspiratory limb, and patient 
airway at 4 CLS (80, 40, 12.5, and 7 ml '  cm H20-~). Pressure in 
the circuit was measured with a pressure transducer (Gould- 
Statham). Ventilator settings were a rate of 10 breaths, rain ~, 
inspiratotT-to-expiratory ratio 1:2, minute ventilation 8 L-min - ~, 
and VT of g00 rnl measured at the bellows inlet; fresh gas flow 
was set at 1 L .min  - t .  VT was measured three times for 
consecutive breaths at each site and each CL. 

Results 
As CL decreased, VT delivered to the bellows compartment 
decreased from 800 ml at a CL of 80 ml" cm H20-1 to 750 ml at a 
CL of 7 m l ' e m  H20 - t  (Table). VT delivered to the lung 
(measured at the airway) over the same range of CL decreased 
from 750 to 50 ml. PIP increased from 10 to 66 cm H20. 

TABLE Effect of changes in lung compliance (CL) and peak 
inflation pressure (PIP) on tidal volume (VT) measured at different 
sites 

Vr (ml) 

Measurement CL: 80ml'cmH20 -I 4Oral'emil20 -I 
site PIP: 10 cm tt20 17 cm H20 

Bellows inlet 800 800 
Bellows outlet 780 750 
Canister inlet 775 730 
Proximal inspiratory limb 780 705 
Airway 750 660 

Vr frail 

Effects of  inspiratory pressure on delivered tidal volume 
in an anaesthesia breathing circuit 
J.M. Feldman, M.J. Banner 
University of  Florida College of Medieine, Gainesville, Florida 

A prescribed tidal volume (VT) is necessary during controlled 
ventilation to avoid atelectasis and an unfavourable ratio of dead 

Measurement CL: 12.S ml.cm H20 -I 7 ml.cmH20 -~ 
site PIP: 41 cm 1"120 66 cm 1"120 

Bellows inlet 790 750 
Bellows outlet 675 510 
Canister inlet 63.5 420 
Proximal inspirato~y limb 47.5 160 
Airway 390 50 
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Discussion 
VT set to be delivered by a ventilator may not correspond to the 
volume delivered to the patient. The ventilator in this study 
consistently delivered adequate volumes to the bellows compart- 
ment, whereas volume losses throughout the circuit indicate that 
the effects of gas compression and tubing expansion are 
significant even at modest decreases in CL. Fresh gas flow may 
augment VT and help to offset volume reductions, although a 
low-flow technique minimizes this effect. J Monitoring VT, 
ideally between the Y-piece of the breathing circuit and the 
tracheal tube, is essential to avoid undetected hypoventilation 
and atelectasis in patients at risk from even modest reductions in 
CL because of factors such as obesity, abdominal surgery, or 
severe pulmonary disease. 

References 
1 Dorsch J,q. Dorsch SE. Understanding Anesthesia Equipment. 

Baltimore, Williams and Wilkins, 1984: 145. 
2 Kacmarek RM. Venegas J. Mechanical vantilatary rates and tidal 

volumes. Respir Care 1989; 32: 466-78. 
3 Gravenstein N, Banner M J, McLaughlin G. Tidal volume changes 

due to the interaction of anesthesia machine and anesthesia 
ventilator. J Clin Munit 1987; 3: 187-90. 

Activation of complement by the Haemonetie cell 
saver 4 system 
S.A. Siriwardhana, A. Kawas, J.L. Lipton, A.H. Giesecke, Jr. 
University of Texas Southwestern Medical Center. Dallas, 
Texas 

Au~,logous blood recovery systems are designed to separate red 
cells from shed blood in the operating field. They basically 
have three functions, filtration, centrifugal separation, and cell 
washing. 

Despite the numerous advantages, autotransfusion has some 
disadvantages. Reinfusion of salvaged blood containing activat- 
ed coagulation factors, free haemoglobin, dilutional fluids, 
anticoagulants, emboli, and activated complement could lead to 
complications such as DIC and pulmonary insufficiency. 

The complement system consists of several enzymes which 
undergo sequential activation in a cascade fashion. There are 
two pathways of complement activation, the classical and the 
alternative. Antigen-antibody complexes activate the classical 
pathway whereas foreign substances and bacteria will activate 
the alternative pathway. Activated C3 and C5 exert some 
biologic activities such as smooth muscle spasm, release of 
histamine and other active amines from mast cells and basophils, 
increased vascular permeability, platelet aggregation, and for- 
mation of microaggregates. 

During the use of Hacmonetic Cell Saver 4 System, activation 
of C3 and C5 was studied in 11 young healthy patients 
undergoing orthopaedic procedures in which massive blood loss 
was expected. 

Method 
Perioperatively, after induction of anaesthesia, five blood 

U 

9000" 

8000" 

7000. 

6000. 

5000. 

4nn0. 

3000. 

2000' 

1000 

O 

r ITII I,T, 
1 2 3 4 

C-7 
5 

FIGURE C3a levels in cell saver blood, scores are mean + SEN[. 
(I) samples from patients before transfusion, (2) samples from reservoir 
bag, (3) samples from reinfusion bag, (4) samples from waste bag, 
(5) samples from patients 30 minutes after transfusion. 

samples were taken (5 ml each in EDTA-coated tubes): from the 
patients (base-line), from the reservoir bag, from the relnfusion 
bag, from the waste bag, and from the patients 30 minutes after 
transfusing the washed red blood cells. 

Results 
When compared with levels in the base-line samples, C3a levels 
in the wasl~ bag were significantly high, while those in the 
reinfusion bag were low. Post-transfusion levels of C3a did 
not show any significant change compared with base-line. Very 
low plasma levels of C5a were detected in all samples possibly 
because of extensive adherence of CSa to granulocytes which 
took place before separation of plasma (Figure). 

Conclusion 
Although the results had show n activation of complement during 
processing of blood in the Cell Saver System (mainly in the 
polyearbonate plastic centrifusing chamber), they also showed 
that the machine is capable of washing out all unwanted 
fragments to provide safe, complement-free blood to the patient. 

A new breath monitor for use in anaesthesia 
D.J. Do~/le, G.A. Volgyesi, D.L. Shulman, S.C. Hillier 
University of Toronto 

Respiratory monitoring is important in anaesthesia, medical 
transport, sleep research, apnoea monitoring and in uther 
clinical fields. Techniques for monitoring spontaneously breath- 
ing patients include spirometry, capnometry, pneumotachu- 
graphy, electrical inductance and impedance plethysmugraphy 
and thermistor-based methods. These techniques arc often 
awkward, technically complex, subject to motion artifacts, and 
the apparatus may be expensive. There are additional problems 
when monitoring infants and children in whom respiratory 
volumes arc smaller and airway dead space must be kept to a 
minimum. We have evaluated a new portable breath monitor 
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based on the detection of sudden temperature changes at the 
airway during respiration. This monitor overcomes many of the 
problems of previous designs and promises to be suitable for 
paediatric anaesthesia. 

Description and methods 
The sensor (Figure 1) consists of a small, thin-walled cylindrical 
chamber which is placed in the path of respiration (Figure 2). 
The open end of the chamber is connected via a long, small-bore 
plastic tube to a monitor containing a sensitive pressure 
transducer. During expiration the warm expired air heats the 
sensor increasing its internal pressure, while during inspiration 
the ambient inspired air cools the sensor reducing its internal 
pressure. The pressure variations are converted to an electrical 
signal by the monitor and this signal is processed electronically 
and displayed on a bar-graph. The beginning of  each expiration 
is also indicated by an audible tone, the intensity of which is user 
adjustable. An analogue output jack on the monitor allows the 
respiratory signal to be displayed on an oscilloscope or recorded 
on tape or strip-chart recorder (Figure 3). The unit is pocket- 

FIGURE 1 Closeup view of sensor. 
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FIGURE 3 Sampte waveform. 

sized and uses a rechnrgeable battery, which lasts about five 
hours when fully charged. 

In a preliminary evaluation, the monitor was used on 25 
infants and children during transport from the operating room 
(OR) to the post-anaesthetic recovery room (PAR). Immediately 
following extubation in the OR the sensor was placed adjacent to 
or just inside a nostril and taped to the cheek. In addition to the 
usual clinical monitoring means, the visual display and audio 
signal were available to the anaesthetist during transport. The 
monitor was assessed on arrival at the PAR by the completion of  
a questionnaire concerning its ease of use, reliability, usefulness 
and acceptability. 

Results and discussion 
The patients were from four months to 15 years old. The monitor 
was deemed to be unreliable in two out of 25 patients due to 
problems with the audible breath indication. This problem can 
be overcome by adjusting the manual sensitivity control on the 
monitor. In 23 out of 25 cases the monitor was well accepted by 
the medical and nursing staff and was found to be useful and 
reliable. The ease of sensor placement, portability and simplici- 
ty of the monitor were the features most frequently favoured by 
the users. 

Acknowledgements 
The monitor used for this study was provided by and is available 
from Voltek Enterprises, 36 Gatehead Road, Willowdale, 
Ontario, Canada, M2J-2P5. 

Assessment of transconjuncfival oxygen monitoring in 
experimental hyperoxia and hypoxia 
K. O'Sullivan, J. Gallagher, K. Hargaden, M. Hamil, 
A.J. Cuaningham 
Royal College of Surgeons in Ireland 

The palpebral conjunctiva is a unique accessible tissue in which 
a capillary bed is separated from the epithelial surface by two to 
three cell layers. I The surface oxygen tension of palpebral 
conjunctiva may reflect both the oxygen content of arterial blood 
and coujunetival blood flow because of the low tissue oxygen 
consumption rate and the lack of a barrier to oxygen diffusion. A 
miniature Clarke electrode mounted on an ophthalmic conform- 
er and requiring meticulous membraning and twopoint gas 
calibration has been tested over a range of inspired oxygen FIGURE 2 View of the monitor and the placement of the sensor. 
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concentrations.2 A premembraned sensor (TO2M 2000 Biomed- 
ical Sensors) ready to use following a period of immersion in 
saline to activate the electrode has recently become commercial- 
ly available. 

This study was undertaken to evaluate the effects of changes 
in FIe2 from 1.0 to 0.05 on PcjO2 and its relationship to PaO2, 
oxygen delivery (DO2) and oxygen extraction. 

Methods 
Following institutional research committee approval, ten grey- 
hound dogs (weight 20-30 kg) wore studied. Anaesthesia was 
induced with thiopetuone 20 mg '  kg - 1 and was maintained with 
a 20 mg 'kg-~h  �9 - t  infusion. The trachea was intubated and 
controlled normocapnic ventilation was instituted. The femoral 
artery was cannulated for direct arterial pressure monitoring and 
arterial blood sampling. A triple lumen pulmonary catheter was 
placed via the external jugular vein for thermodilution cardiac 
output and mixed venous oxygen tension measurements. Con- 
tinuous ECG, arterial pressure, end-tidal CO2 and temperature 
readings were displayed. 

The transconjunctival oxygen sensor was inserted into the 
right eye with the electrode applied to the palpebral conjunctival 
surface. The inspired O21N2 mix was altered in incremental steps 
to give an 1:102 of 0.21 (baseline) 0.40, 0.60, 0.80, and 1.00. 
Following restabilisation at an FIe2 of 0.21, the FI02 was 
reduced to 0.15, 0. l0 and 0.05. The FIe2 was measured using a 
polanagraphic oxygen sensor. The baemodynamic and oxygen 
tension variables measured at each ~O2 after ten-minute 
stabilisation time were heart rate, mean arterial pressure, central 
venous pressure, pulmonary capillary wedge pressure, cardiac 
output, PejO2, PaO2, and PvO 2. Systemic vascular resistance, 
oxygen delivery and oxygen extraction were calculated. 

The data were expressed as mean -+ SEM. The statistical 
significance of changes in the variables with PcjO2 at each FIe2 
was evaluated by paired Student's t test and Pearson product 
moment correlation. P < 0.05 was considered significant. 

Results 
The PcjO2 closely approximated PaO2 values in normoxie and 
hypoxic ranges. During the hyperoxic range the PcjO2/PaO2 
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ratio decreased as the FIe2 was increased. A positive correlation 
between PaO2 and PcjO2 was observed (r - 0.99, P < 0.001). 
There was no correlation between PejO2 and either oxygen 
delivery, oxygen extraction, PvO2 or cardiac output (Figure). 

Discussion 
The PcjO2/PaO2 ratio or conjunctival index 3 was constant 
during hypoxia and normoxia. In the presence of an abnormally 
high PaO2, the PcjO2/PaO2 ratio fell and the range of PcjO2 
values increased, possibly due to a reduction in conjunctival 
peffusion. In hacmodynamically stable normovolaomic patients 
PcjO2 may provide a simple cominuous non-invasive indicator 
of PaO2 in hypoxic and normoxic states. 
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Psychomotor performance following laparoscopie 
surgery: Induction with methohexitone and fentanyl 
W.A.C. Scott, D. Sielecka 
McGill University 

Serial four-choice reaction time (4CRT) has been shown m be a 
useful method of assessing psychomotor performance decre- 
ment (PPD). A large number of studies has looked at the PPD 
caused by fenlanyl in combination with different anaesthetics 
both IV and inhalational. Some studies have shown little effect 
while others have suggested more marked PPD's. We have 
assessed the effect of increasing doses of fentanyl on PPD's 
using a clinical model in which we have already measured the 
effects of the other anaesthetic drugs. 

Methods 
With the approval of a hospital ethics committee, informed 
consent was obtained from 30 female patients scheduled for 
laparoscopie tubal ligation. Patients were ASA physical status I 
or H and were randomly assigned to one of three groups, but 
were not blinded. No patients received premedieation. All 
patients received droperidol 1.0 mg and gallamine 20 mg prior to 
induction. Patiems in group FO received mothobexitonc 1.5 
mg" kg-  1 group F2 received methohexitone 1.0 rag- kg-  t and 
fentanyl 2,0 v,g' kg -1 while group F4 received methobexitune 
0.5 m g ' k g  -I  and fentanyl 4.0 iJ, g ' k g  -I  for induction of 
anaesthesia. Succinylcholine was used to facilitate intubation 
and to maintain muscle relaxation. Ventilation was controlled 
with a fresh-gas flow of 75 ml- kg-  1. Anaesthesia was main- 
rained with oxygen (40 per cent), N20, and enflurane (1.5 per 
cent) until mean blood pressure was ten per cent below 
preinduetion value after which inspired enflurane concentration 
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was reduced. 4CRT tests lasting eight minutes were recorded on 
tape and analyzed after the study was completed. Variables 
derived include average, median and 95th centile response time 
and number of errors per test. Preoperatively patients completed 
one practice 4CRT, a control 4CRT and three 10 em visual 
analog scales (VAS) representing their assessment of pain, 
nausea and drowsiness. Postoperatively 4CRT and VAS's were 
completed two, four, and six hours after cessation of anaesthesia 
and after an overnight stay in hospital (approximately 24 hr). 
Differences between treatments were sought using repeated 
measures analysis of variance with preoperative score as a 
eovariance factor. Differences between times pre- and postoper- 
atively were tested using analysis of variance and pairwise t tests 
with Bonferroni correction. 

Results 
Two subjects failed to complete the study protocol and their 
treatments were reassigned to new subjects. One subject (FO) 
was excluded because there were more than ten per cent errors in 
pre- and postoperative 4CRT tests. Values reported are mean 
values. There were no significant differences between the three 
groups in body weight (63.0 kg), per cent body fat (30 per cent), 
operative dtu'ation (25.6 rain) or time to respond to commands 
(5.5 rain). The F4 group was significantly (P < 0.01) younger 
(mean age 28.8 yr) compared to the FO group (35.3 yr) but not 
the F2 group (32.9 yr). There were no significant differences 
between treatments in pain or nausea VAS postoperatively. 
Nausea score was increased 2 hr (43 mm) and 4 hr (44ram) 
postoperatively compared with 24 hr (30 mm). Pain scores were 
also increased between 2 hr (29 nun) and 6 hr (21 mm) post- 
operatively compared with 24 hr (11 mm). Sleepiness VAS was 
significantly (P < 0.05) higher (55.4 mm) 2 hr postoperatively 
in patients who received methohexitone I mg '  kg-  ~ and fentanyl 
2 p,g. kg - j  (group F2) compared with group F4 (33.7 mm) and 
group FO (17.7 mm). There were no significant differences 
between the three groups at 4 ha" (27.6 mm), 6 hr (20.7 ram) or 24 
hr (2.9 ram) postoperatively. Average, median and upper 95th 
eentile of individual 4CRT tests were all highly correlated 
therefore only median reaction times are reported. There were 
no significant differences between median 4CRT of the three 
treatment groups postoperatively. Median 4CRT was signifi- 
cantiy (P < 0.05) higher at 2 hr (556 msec) and 4 hr (555 msec) 
compared with preoperatively (462 msee). It subsequently 
decreased at 6 hr (520 msec) and 24 hr (497 msec). Overall there 
were no sigrdfieant changes in error scores postoperatively and 
no differences between treatments. 

Discussion 
The PPD following methohexitone fentanyl induction and 
N20/enflurane maintenance persists for up to six hours postop- 
eratively. It was not influenced by the relative doses of the two 
induction agents. Subjects' perception of drowsniess was higher 
in patients receiving fentanyl at 2 hr postoperative but not 
subsequently. Pain and nausea scores were not influenced by the 
amount of fentanyl administered. 

Gastroesophageal reflux in anaesthetized patients 
L,H. filing, 
University of  Saskatchewan 

We used continuous oesophageal pH monitoring to detect the 
frequency of gastroesophageal reflux (GER) in awake and 
anaesthetized subjects. We further hypothesized that head-down 
positioning, increased abdominal pressure, obesity, or a history 
of symptoms of reflux would be positively correlated with the 
occurrence of GER. 

Methods 
A total of 44 patients scheduled for elective surgery were 
enrolled in the study. Sixteen patients (Group 1) were studied in 
awake and anaesthetized states. About an hour prior to induction 
of general anaesthesia, fasting patients were asked to swallow a 
nasally placed bipolar pH probe which was placed in the lower 
oesophagus 5 em proximal to the acid-alkali junction defined at a 
pH of 4.1 A second probe was placed in the pharynx of most 
patients after induction, pH measurements were made every five 
seconds and stored by a portable pH monitor. A further 28 
patients (Group II) were studied using the above method with the 
exception that the probe was inserted shortly after induction of 
anaesthesia. Episodes of GER were compared in the horizontal 
and Trendelenburg positions. Fifteen patients underwent lapar- 
oscopy as a method of raising intra-abdominal pressure. A 
significant reflux episode was represented by an abrupt fall in pH 
below a value of four. Statistical analysis was performed using 
Yato's Chi-squared analysis and Student's t tests with each 
patient serving as his or her own control. Significance level was 
set at P < 0.05. 

Results 
A highly significant fall in mean pH occurred shortly after 
induction of anaesthesia from a value of 6.02 to a value of 5.47 
(0.01 < P < 0.001) (Table). Of the 44 patients studied GER 
occurred during anaesthesia in six (13.6 per cent). This was 
associated with bucking or coughing in five subjects. Two of 
these patients had reflux to the level of the pharynx as detected 
by a pH change in the pharynx probe. Five of 23 patients who 
bucked had GER. No episodes of GER were detected during 
position changes after exclusion of reflux associated with 

TABLE 

Group I (n = 16): Awake Anaesthetized 

Median time - monitored (rains) 45.5 91.5 
pH < 4 (episodes) 2 4 
Mean pH .4- SD* 6.02 "" 6.27 5.47 -+ 5.57 

Group II (n = 28): Trendelenburg (10") Horizontal 

Median time monitored (rains) 16.5 15.0 
pH < 4 (episodes) 0 2 

*Average pH over one minute, 10 minutes prior to and 30 minutes 
after induction of anaesthesia. Statistically significant difference 
0.0l < P < 0.00l, 
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bucking. No GER was demonstrable in patients undergoing 
lapuroscopy. History of symptomatic reflux oesophagitis (n = 
5), as defined by symptoms present at least once a week, 
predicted reflux in two patients. In contrast, four of 39 patients 
without a history of reflux oesophagitis subsequently developed 
GER under anaesthesia. Of seven obese patients, one had GER 
during anaesthesia. None of these associations achieved statisti- 
cal significance utilizing Yates corrected Chi-squared test. 

Discussion 
Although we failed to show any statistically significant associa- 
tions with GER we have demonstrated the presence of GER 
during anaesthesia, particularly during periods of straining on 
the tracheal tube. It is not felt that the decrease in mean pH 
occurring shortly after induction of anaesthesia change repre- 
sented gastric regurgitation, for the [H+] was many times less 
than that demonstrated intragastrieally during positioning of the 
probe, The poor predictive values of history, body habitus, 
positioning or raised intra-abdominal pressure in predicting 
GER in this study, suggests a need to re-evaluate these 
traditional risk factors in anaesthesia practice. 2 
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TABLE 

Fast (hr) RGV (ml) 

Group n Median Range Median Range 

<3 hr 30 2.5 (1.7-3.0) 24 (0-63) 
3-5 hi" 63 4.0 (3.1-5.0) 23 (0-88) 
5-8 hr 33 6.2 (5.1-8.0) 31 (I-90) 
NPO 48 1 2 . 6  (8.5-25.5) 28 (0-120) 

Group Median Range 

<3hr 1 . 6 9  (1.18-1.78) 
3-Shr 1 . 7 9  (1.02-7.27) 
5-8 Ilr 2.25 (I .08-7.87) 
NPO 1 . 6 9  (1.04-5.94) 

orogastric tube was passed into the stomach and all available 
gastric contents were aspirated into a 60 ml syringe. The residual 
gastric volume (RGV) was recorded and the pH measured using 
a calibrated Coming pH metre. The interval from last ingestion 
to induction of anaesthesia was calculated and the patients were 
divided into four groups according to this fasting interval: less 
than 3 hr; 3 to 5 hr; 5 to 8 hr; NPO from midnight (Table). 

Analysis of vuriance and Mann-Whitney U test were used for 
statistical evaluation and values of P < 0.05 were considered to 
be statistically significant. 

Residual gastric volume in out-patient surgery 
K./ant ,  M. Scarf, J.R. Malthy 
University of  Calgary 

It is routine practice in many hospitals for elective patients to fast 
from midnight, irrespective of their scheduled time of surgery, t 
Although gastric emptying of liquids is rapid, fasting guidelines 
have only recently been questioned.2 It has been shown that 150 
ml of fluid taken 2 to 3 hr before the expected time of elective 
surgery has no effect on mean gastric volume or pH at the time of 
induction of anaesthesia when compared to those values in 

3 patients who are "NPO from midnight". Based on these studies, 
our institutional policy has been modified for day-care surgery 
for which patients arrive at the hospital at least 2 hr before the 
anticipated time of surgery. They are advised not to eat solid 
food after midnight, but to drink 150 ml of coffee, tea, fruit juice 
or water 1/2 to 1 hr before leaving home. 

Methods 
Since implementation of this new policy we have completed a 
followup study of 174 ASA physical status I or II patients 
scheduled for elecfve day-care surgery. All patients gave 
written informed consent and received no premeditation. Their 
age, sex, weight, smoking habit, history of heartburn within the 
previous two weeks and time of last fluid ingestion were 
recorded. Following induction of anaesthesia a # 18 FG Salem 

Results 
The groups were comparable with respect to sex, age, weight 
and the types of surgery. Median RGV and pH values were 
similar, whether patients ingested oral fluids less than 3 hr 
before surgery or fasted from midnight. Despite the liheralisa- 
tion of the fasting rules, 48 patients did not drink on the morning 
of surgery. Of these, some had been booked for surgery before 
the policy change, some were not thirsty, and others had 
unforeseen delays in their operating times. 

Discussion 
In healthy, unpremedicated day-care patients there is a wide 
range in values for RGV and pH which bears no relationship to 
the duration of fluid fast. Fasting guidelines for fluid in elective 
surgical patients should be reviewed, but our findings should not 
be extrapolated to solid food, emergency patients, and patients 
who receive opioid premedieation. 
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An improved nasal prong apparatus for end-tidal carbon 
dioxide monitoring in the awake/sedated patient 
J.Roy, S.E. McNulty, M. Torjman 
Thomas Jefferson University, Jefferson Medical College 

End-tidal C02 (ET-C02) is useful in assessing the adequacy of 
ventilation in patients undergoing anaesthesia. However an 
effective method of monitoring ET-CO2 in awake, sedated 
patients has yet to be established. Several methods have been 
advocated for the measurement of ET-CO2 in awake patients,t'2 
but there is insufficient evidence establishing either the accuracy 
or reliability of these methods. The following report describes a 
new technique for monitoring ET-CO2 in awake, sedated 
patients using a modified nasal eannula and further describes an 
evaluation of the accuracy of this new technique. 
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Methods 
20 patients ASA physical status I I - IV qualified for this 
institutional review board approved study. The ET-CO2 moni- 
toring setup consisted of a 5 cm 14-gauge intravenous catheter 
inserted into one limb of the oxygen supply tubing of a standard 
dual-prong nasal oxygen cannula. The cross-over passage 
between the two prongs was intentionally blocked with the end 
of a cotton-tipped applicator to effectively isolate the two 
oxygen supply limbs. Hence, one limb functioned to sample 
exhaled gases, while the other limb delivered supplemental 
oxygen. On-line ET-CO2 readings were obtained from a 
calibrated Datex 254 gas analyzer with a Datex 250 video 
display. Supplemental oxygen (2, 4, and 6 L 'min  - j )  was 
administered through the modified nasal cannula in a random 
sequence with flow rate changed at five-minute intervals. In the 
last minute of each interval, all expiratory C02 waveforms with 
a plateau were averaged and recorded as Ave ET-CO2. In the last 
30 seconds a value for the best waveform was recorded as Peak 
ET-CO2, and an arterial blood gas sample was obtained from an 
indwelling blood pressure catheter and analyzed immediately. 
The data were analyzed by comparing PaCO2 with peak/average 
ET-CO2 values using the paired Student's t test; ET-CO2/PaCO2 
ratios were analyzed with ANOVA. 

Results 
The data indicate that the modified ET-CO2 sampling eannula 
yields measurements which correlate closely with PaCO2 values 
proportionate to the supplemental oxygen flow rate (Table). 
Accuracy of correlation, defined as ET-CO2/PaCO2, was 98, 
94, and 85 per cent for peak values, at 2, 4, and 6 L.  min - l  02 
flow rate (with correlation coefficients of r = 0.81, 0.85, and 

TABLE PaCO2, ET-CO2, and Pan2 values at different nasal oxygen 
flow rates (mean - SD) 

Variable 2 L.min -I 4 L.min -# 6 L.min -I 

PnCO~ 41.2 +- 4.2 41.1 -+ 4.4 42.1 +- 4.9 
ET-CO2 38.7 - 5.2 36.6 --- 5.7 34.1 - 5.8"~ 
Prak ET-CO2 40.5-+5.5 39.1• 36.5 + 6.1q 
Pan z 114• 154+-45 * 183+-55" 

�9 P < 0.05 by ANOVA; ~'P < 0.05 by t test. 

FIGURE Peak ET-COz vs PaC02. 

0.63, respectively). Accuracy of average ET-CO2 values was 
94, 89 and 81 per cent, respectively. Both average and peak 
ET-CO2 values were not significantly different from the corres- 
ponding PaCO2 at 2 and 4 L .min  -1 but were different at 
6 L 'min - l ,  while the PaCO2 values did not vary significantly. 
The Figure is a scatter plot of the raw peak ET-CO2 vs PaCO2 
data at three different 02 flows illustrating the degree of varia- 
tion around the calculated line (linear regression). 

Discussion 
This study indicates that the nasal cannula with the improved 
ET-CO2 sampling port can provide accurate data reflecting 
arterial PCO2 values in the awake, sedated patient, and it proved 
to be reliable and well tolerated by all patients during the study 
period. This new configuration eliminates many of the problems 
encountered with prior ET-CO~ monitoring setups such as 
intra-nasal irritation, blockage of the sampling catheter, and 
mechanical interference by the surgeon, particularly during 
intranral procedures. It should be noted that the flow rate had a 
significant effect on the accuracy of this monitor when 6 
L .min  - I  flow rates were used. This may have resulted from 
increased mixing of fresh gas flow with exhaled gases in the 
posterior nasopharynx/oropharynx region. It is also possible that 
the 14-gauge IV catheter did not completely occlude the 
sampling limb in all cases and allowed some flow of O2 to pass 
directly into the sampling catheter. The authors therefore 
recommend that an 02 flow rate of less than 6 L.  rain- I should 
be used. 
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Echocardiographic assessment of the haemodynamic 
effects of induction of anaesthesia with either propofol 
or thiopentone 
C. Carey, B. Bracey, K. Markham, J. Durean, P.M. Yate 
The London Hospital, London, England 

In this study we compare the haemodynamic effects seen during 
induction of anaesthesia with propofol or thiopentune using 
echocardiography. Echocardiography allows visualisation of 
cardiac structures and permits continuous assessment of cardiac 
dimensions throughout the cardiac cycle. Doppler ultrasound 
gives a measure of blood velocity in the ascending aorta. 
Integration of the resultant velocity/time curve gives the stroke 
distance which if multiplied by the aortic cross-sectional area 
allows derivation of stroke volume and hence cardiac output. 

Methods 
Following institutional approval informed consent was obtained 
from 20 ASA physical status Ipatients. Promedication was with 

papaveretum 0.3 mg 'kg - t  and anaesthesia induced with either 

TABLE Results. Haemodynamic data 

Group P T 
n 10 10 

Hem rate at time (rains) 
0 78 • 14 69 -+ II 
I 89 - 10 86 • 11 
2 79-+9 77•  13 
3 76 --+ 4 77 -+ 13 
4 72 • 4 72 • 12 
5 70 • 5 71 • 12 

Mean B.P. (mmHg) 
0 86 • 12 91 • 15 
I 66 • 23 78 • 14 
2 6 6 •  84•  
3 67 -'- 9 83 • 12 
4 6 4 •  84•  
5 67-+8 83-+11 

Minu~ distance (cmtmin) 
0 1611 • 442 1216 • 248 
I 1763 • 475 1417 • 210 
2 1491 • 468 1216 • 254 
3 1386 § 1190 • 249 
4 1353 • 368 1172 • 238 
5 1334 • 345 1143 • 184 

Stroke distance (cm) 
0 20.3 --* 2.95 18.3 - 3.4 
1 19.8 -+ 5.6 17 -+ 3.3 
2 18.7 - 4.8 16 - 3.4 
3 18.3 - 5.9 16 + 3.2 
4 18.9 - 4.9 17 • 3.5 
5 19 - 4.7 17 - 3.8 

Fractional Shortening (%) 
0 35---5 30---4 
5 29.9 -+ 4.7 33.1 • 5.6 

propefol 2.5 rag" kg -I (group P) or thiopentone 4.5 m g '  kg -I 
(group T). All patients breathed 100 per cent 02 throughout the 
study period. During this period blood pressure, blood flow in 
the ascending aorta and heart rate were recorded continuously. 
As an estimate of contractility, fractional shortening was 
measured by echocardiography. 

Results 
In both groups induction of anaesthesia was followed by a 
transient but significant increase in heart rate (P < 0.05). A 
significant fall in mean blood pressure was observed in group P. 
No significant differences in minute distance were observed 
between groups P and T although significant depression of 
minute distance did occur in group P (Table). 

Discussion 
The preservation of stroke distance induced in this study 
suggests that the reduction in minute distance (a good correlate 
of cardiac output) seen in the propofol group is largely due to a 

reduction in heart rate and not contractility. These data support 
the suggestion that prophylactic administration of an anticholin- 
ergic might be appropriate to mlnimise cardiovascular changes 
occurring with propofol induction. 

Intravenous fluid administration does not reduce nausea 
and vomiting in children 
D. Blaekstock, C.A. DaSilva, F.D. Demars, 
C.J. Montgomery, D.J. Steward 
University of British Columbia 

The administration of intravenous fluids to adults patients 
undergoing minor surgical procedures has been shown to 

t implovethequalityofpostoperativerecovery. Westudied 102 
children undergoing minor dental procedures under general 
anaesthesia, to determine the effect of intravenous fluid on 
postoperative minor morbidity. 

Methods 
Following institutional review and with informed consent 
patients were randomly allocated into two groups', Group l 
received no intravenous fluids and Group I/received intrave- 
nous Ringer's lactate solution (RL). Parents and children were 
blinded to the administration of intravenous fluids. Anaesthesia 
was similar in all patients. No premedication was used. 
Induction of anaesthesia with thiopentone 5 -6  me" kg- i and 
atropine 10-20 ~ g ' k g  -I  was followed by succinyleholine to 
enable nasotracheal intubation and maintenance with nitrous 
oxide 70 per cent and oxygen 30 per cent with halothane 1-2 
per cent inspired concentration as required. 

The volume of Ringer's lactate solution to replace the fluid 
2 deficit was calculated as foUows. Hourly fluid deficit (a) 0-10 

kg = 4 ml. kg -I ,  (b) 11-20 kg = 2 ml. kg -t + a; (c) >20 kg = 
ml .kg -t + a + b. Fluids were given intraoperatively and the 
intravenous infusion was discontinued before leaving the operat- 
ing room. 
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TABLE 

Preoperative Postoperative 

Child Parent Child Parent 

Group I (N50) 1.2---4 1.1-+3.5 1.4-+4.4 1-+4.3 
Group 11 (N52) 2-+4.2 1.7---3.1 1.1• 1.3=3.9 

At home 

Child Parent 

Group I (N50) 5.34 -+ 16.2 3.7 + 3.1 
Group 11 (N52) 2.1 - 4.5 2.4 -+ 4 

The effect of treatment was assessed in three ways. 
I A modified linear analog seaie completed by the child and by 

one of the parents on three occasions, preoperatively, before 
discharge and at home the following day to assess general 
wellbeing. 3 

2 A questionnaire completed by the same parent the day after 
operation was used to assess the incidence of nausea and 
vomiting and activity level. 

3 The incidence of nausea and vomiting and use of narcotic as 
recorded in the recovery room record. 

Results 
Of 102 patients studied 52 received fluids. Chi-Square or 
unpaired t test analysis of the results obtained from the 
questionnaire and anaesthetic record showed no statistical 
difference between the two groups for age, duration of anaes- 
thetic, dental extractions or the use of codeine. Nausea and 
vomiting, in the recovery room, en route from the hospital and at 
home and the level of activity on the day following surgery were 
not significantly different between groups. 

Measurements from the linear analog scale were entered into 
an Excel spread sheet and analyzed using the unpaired, 2-tailed 
t test. These results are shown in the Table. 

Discussion 
Fasting causes some degree of dehydration due to insensible 
losses. Children are usually permitted clear fluids until four 
hours preoperatively. Dehydration is normally not a problem as 
paediatric patients usually tolerate oral fluids immediately upon 
recovering from minor surgery and we therefore do not routinely 
administer intravenous fluids for these minor cases. The admini- 
stration of intravenous fluids is not without risk. Thrombo- 
phlebitis, air embolism, administration of infected fluid, and 
administration of an inappropriate intravenous fluid can cause 
serious sequelae. The cost of the intravenous fluid, administra- 
tion set and cannula also increase operating room costs. 

Our results show that intraoperative replacement of the fluid 
deficit caused by preoperative fasting in children does not affect 
the incidence of nausea and vomiting in the immediate post- 
operative period, en-route from the hospital, or on the day 
following conservative dentistry under general anaesthesia. The 
level of activity on the fast  postoperative day was similar 

whether patients received fluid or not. This is in contrast to the 
results reported by Keane in the adult population. Using a 
modified linear analogue scale completed by the child and parent, 
to assess happiness or sadness, we were unable to detect any 
difference between the two groups of patients preoperatively, 
postoperatively or on the first postoperative day. 

In summary we have been unable to demonstrate any 

improved well being in the paediatrie population following the 
administration of intravenous fluids to replace the deficit caused 
by preoperative fasting. 
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1 Keane PW, Murray PF. Intravenous fluids in minor surgery. 

Their effect on recovery from anaesthesia. Anaesthesia 1986; 
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2 LiaLMP. Pediatric blood and fluid therapy. In: Hershey SG (Ed.). 
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Does inspired gas humidification prevent intraoperative 
hypothermia in infants and children? 
B. Bissoneetre, D.I. Sessler, P. Laflamme 
University of Toronto, University of California 

Heat and moisture exchangers ("artificial noses"), provide 
passive airway humidification, and prevent intraoperative hypo- 
thermia in adults, t The efficacy of these filters has not been 
evaluated in infants and children, nor have they been compared 
with active humidification. Therefore, we compared central 
temperature, airway humidity, and recovery time in children 
given active, passive, or no respiratory gas humidification. 

Methods 
With approval from our Ethics Committee, we studied 27 
children weighing 5-30  kg undergoing peripheral surgery 
lasting 1-3 h. Ambient temperatures were maintained at ~22 ~ C 
and a heating blanket, thermostatically-controlled at 37* C, was 
placed under each patient. Halothane/N20 anaesthesia was 
administered with a modified Ayre's t piece. Fresh gas flow was 
calculated using the formula of Rose and Froese 2 respiratory rate 
(~30" min- i) and tidal volume (~  12 ml '  kg -  i) were adjusted to 
maintain an end-tidal PCO2 near 35 mmHg. The patients were 
randomly assigned to active airway humidification and wanning 
using a Fisher and Paykel | wanner set at 37 ~ C (n = 10), passive 
airway humidification using the Humid-Vent | 1 heat and 
moisture exchanger (n = 8), or no airway humidification and 
heating (control, n = 9). Tympanic membrane temperatures 
were recorded every 10 min during surgery. Inspired relative 
humidity was measured using a Humideap | Rectal tempera- 
tures were recorded at 10 rain intervals during recovery from 
anaesthesia. Patients were released from the recovery area by an 
anaesthetist who was unaware of the type of airway humidifica- 
tion used. Fitness for discharge was based on standard criteria 
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FIGURE I The mean inspired relative humidity (• in 27 
infants and children given active, passive, or no airway humidification. 
The humidity in the active and passive groups did not differ signifi- 
cantly after 80 rain of anaesthesia. At other times, humidity in each of 
the groups differed significantly. 
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FIGURE 2 The mann change (+--SD) in tympanic membrane tempera- 
tare in 27 infants and children receiving active, passive, or no 
airway humidification. After 60 rain of anaesthesia, temperature differ- 
ences among each of the groups were significant. 

which included rectal temperature ->36 ~ C. Differences between 
groups were determined using ANOVA and Student-Newman- 
Keuls tests; P -< 0.05 was considered significant. 

Results 
Figure I shows that the relative humidity of the inspired gas was 
~90 per cent in patients given active airway humidification and 
~30 per cent in those given unconditioned gases. The heat and 
moisture exchanger increased airway humidity from ~50 to 

~80 per cent during the first 90 min of surgery; after 80 min of 
anaesthesia, inspired humidity in these patients was not signifi- 
cantly different from those in the active group. However, 
patients less than 12 kg of body weight never showed any 
significant increase of airway humidity and were not signifi- 
cantly different from the control group at any time during the 
anaesthesia. Tympanic membrane temperatures increased in the 
patients given active airway humidification, remained relatively 
constant in those given passive humidification, and decreased in 
the control group. After 70 min of anaesthesia, tympanic 
membrane temperature differences among each of the groups 
were significant (Figure 2). Rectal temperatures increased 0.5* 
C.h  I following anaesthesia and the duratioo of recovery (~60 
rain) was not significantly different among the groups. 

Discussion 
The Humid.Vent | heat and moisture exchanger significantly 
increased airway humidification in patients greater than 12 kg 
body weight and, after 80 min of anaesthesia, provided 
humidification similar to that provided by an active humidifier. 
Passive airway humidification prevented hypothermia whereas 
active humidification and heating increased central body tem- 
perature in these patients. Recovery was rapid in all patients and 
did not correlate with central temperature or type of humidifica- 
tion. It is likely that differences between the groups would have 
been greater in patients undergoing larger operations in colder 
operating rooms. 

Supported in part by a grant from Gibeck Respiration, lne. 
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Glycine 1.5% and dextrose 5% irrigation fluids for 
transurethral prostatectomy - a prospective comparison 
J. Gallagher, S. McDevitt, K. Hargaden, K. O'Sullivan, 
A.J. Canningham 
Royal College of Surgeons in Ireland, Beaumont Hospital 

The excessive absorption of irrigation fluid during transurcthral 
prostatectomy may result in changes in haemodynamic variables 
and disturbance of neurological function. ' Glycine 1.5 per cent 
is popular as an irrigation fluid because it is non-haemolytic, 
non-electrolytic, relatively inexpensive and because of its good 
optical properties. However, glycine's role as an inhibitory 
neuro~'ansmitter has been implicated in cases of visual distur- 
bances and neurological deficits following transurethral prostat- 
ectomy. 2 An isoosmolar dextrose five per cent irrigation fluid 
has been used hut concerns have arisen because of possible 
hyperglycaemia-associated intraeellular lactic acidosis on neu- 
rological outcome following an ischaemic or hypoxic insult) 

The objectives of this study were to compare the acid-base, 
biochemical and metabolic changes associated with glyeine 1.5 
per cent and dextrose five per cent irrigation fluids for trans- 
urethral prostatectomy. 
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cent irrigation fluid was not associated with any obvious clinical 
patient benefits in the patients studied. 
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FIGURE 

Methods 
Following Ethics Committee approval and informed patient 
consent 20 male patients, ASA Physical Status I - I I I ,  scheduled 
for transurethral prostatectomy were randomly assigned to one 
of two groups. Group I - dexlrose five per cent irrigation fluid. 
Group II - glycine 1.5 per eent irrigation fluid. 500 ml 
physiological saline intravenous infusion was completed before 
surgery. Subarachndid anaesthesia was performed by the admin- 
istration of 3-3.5 ml isobaric bupivacaine 0.5 per cent through a 
25-gauge spinal needle placed in the subaraehnoid space at L3-4 
to achieve regional blockade to a level of T10. The volume of 
irrigation fluid used and the volume of washout were measured 
and the volume absorbed calculated. Arterial pressure and the 
electrocardiogram were recorded continuously during the peri- 
operative period. Blood samples were obtained from a radial 
artery cannula before resection and at 5, 15, 30, 60 and 90 
minutes after commencement of resection for measurement of 
serum sodium, glucose, lactate, osmolarity, glycine, ammonia, 
magnesium, phosphate and ar~rial blood gases. Data are 
expressed as mean + SEM. Statistical analysis included two- 
sample Student's t test and Mann-Whitney U-test, for abnormally 
distributed data. P < 0.05 was considered significant. 

Results 
Patients in Groups I and I1 were comparable with respect to age, 
weight, duration of resection and irrigation fluid absorption. The 
metabolic, biochemical and acid-base changes in both groups 
during resection are illustrated in the Figure. A significant 
elevation in serum glucose was noted in Group 1 at 15 and 30 
minutes following the start of resection. A significant elevation 
of scram glycine was noted in Group 1I at 60 and 90 minutes after 
the start of resection. There were no significant differences 
between the groups with respect to arterial oxygen tension, 
acid-base status, serum sodium and osmolarity. 

Discussion 
lntravaseular absorption of irrigation fluids during prostatic 
irrigation depends on the number of open venous sinuses, the 
duration of resection and the hydrostatic pressure used. Dextrose 
five per cent irrigation fluid is associated with significant 
hyperglycaemia and less satisfactory optical conditions com- 
pared with glycine 1.5 per cent irrigation fluid. Dextrose five per 

Early indicators of acute blood loss 
G.D. Kamal, T. Syrrtreng, D.J. Tatman 
University of lowa College of Medicine 

Evidence of acute blood loss is important for optimal patient 
management in the perioperative and post-trauma situation. 
Evaluation of such loss and the adequacy of fluid replacement is 
often difficult. To identify early and sensitive parameters we 
measured a bread spectrum of clinical and physiological 
variables in a porcine model of acute ongoing blood loss. 

Methods 
Seven Yorkshire swine, 36-40 kg, were anaesthetized with IV 
fentanyl 40 ixg.kg~l.hr -I and ketamine 5 m g . k g - i . h r  -j .  
Ventilation was controlled to keep PaCt2 40 +- 3 mmHg. FzO2 
was titrated to prevent arterial desaturation (range 0.24-0.40). 
Fibreoptic catheters were inserted in the carotid and pulmonary 
arteries for vascular pressures, haemoglobin (Hb) saturations 
and sampling for blood gases and Hb content. A gas exchange 
analyzer measured FIt2 and calculated the respiratory quotient 
(RQ). A personal computer was programmed to calculate, 
display and record cardio-respiratory parameters. ~ After stable 
baselines, animals were bled by a roller pump, one litre in 40 
rain. Arterial and mixed venous blood was sampled every l0 
min for blood gases and Hb. During exsanguination no change 
was made in the ventilation or FIOz. Total IV fluids were 
restricted to 150 ml "hr -I .  Data at baseline (pre-haemorrhage) 
was compared with values every 10 rain during bleeding by 
paired t tests. A P < 0.01 was considered statistically significant. 

Results 
The results are summarized in Tables I and I1. Exsanguination 
was accompanied by a steady decrease in cardiac output (CO), 
mean arterial pressure (MAP), central venous pressure (CVP) 
and Hb. In mixed venous blood, Hb saturation (S';'Oz), oxygen 
tension (P'~Oz), and pH decreased and COz (P~COz) increased. 
There was an increase in the dead space (VD/VT) and oxygen 
extraction (SX%). There was no significant change in arterial 
blood gases. 

Discussion 
SfrO 2 is the earliest and most sensitive indicator of acute on- 
going blood loss. Arterial blood gas analysis does not indicate 
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TABLE 1 

CO VC02 V02 

Baseline 4.5 --. 1.2 189 --- 43 217 • 61 
I0min 4.1 • 1.4 187 --- 37 213 • 48 
20min 3.6 -+ 0.7 183 • 34 201 • 42 
30 rain 2.7 • 0.8I 174 • 30:[: 187 ~ 39:[: 
40min 2.0 • I . l t  153 -+ 34:~ 1502 58:~ 

SQ nR MAP 

Baseline 0.88 • 0.09 105 • 35 115 • 20 
10 rain 0.87 • 0.06 121 -+ t0 11l -+ 23 
20 rain 0.91 • 0.07* 144 • 29 95 _.e 24:~ 
30 rain 0.94 - 0.09t 164 --. 32:~ 71 • 21~ 
40 ruin 1.10 - 0.26:[: 147 • 22 51 • 25* 

CVP VoVr SX% 

Baseline 7 - 5 0.40---0.10 43 --- 12 
10 rain 6 • 5 0.41 • 0.09 46 • 13 
20 min 5 • 5r 0.42 + 0.08 52 • 12 
30 rain 4 • 4t 0.46 • 0.081" 58 --- 12:~ 
40 min 4 • 41" 0.52 • 0.09"[" 25 �9 131" 

TABLE II 

pHa Pa02 PaC02 

Baseline 7.46 - 0.05 89 +- 23 39 - 5 
10 rain 7.44 • 0.06 91 - 20 40 • 8 
20 rnin 7.45 • 0.06 88 - 18 40 --- 7 
30 rain 7.45 • 0.05 91 • 23 39 --&- 6 
40min 7.45 • 0.06 87 • 16 37 • 8 

pHO p~02 P~C02 

Baseline 7.42 • 0.06 38 �9 4 46 • 8 
10min 7.41 • 0.06 37 • 6 47 • 9 
20 min 7.40 +- 0.05 34 - 4 48.4- 8:~ 
30 min 7.39 +- 0.05 27 + 4* 49 + 8t 
40 rain 7.36 +- 0.07 22 • 4* 50 • 12 

HgB Sa02 Se02 

Baseline 8.9 -+ 0.7 96 • 4 56 • 1 l 
10 rain 9.0 • 0.7 97 - 4 53 • 13 
20 rain 8.8 -- 6 97 -+ 4 45 • 91" 
30 rain 8.2 • 0.51" 97 --+ 4 26 • 16 
40rain 7.7 +- 0.7~" 97--+4 20 + - It 

* = P < 0.001; 1" = P < 0.01; $ = P < 0.05. 

any metabolic or respiratory compromise in this situation (loss 
of more than 30 per cent predicted blood volume). Though Hb 
does decrease by a statistically significant extent, the fall is one 
not many would consider clinically significant. In agreement 
with reported results in eardio-pulmonary resuscitation, 2,3 we 
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noted a decrease in the mixed venous pH and an increase in 
P~CO2. Our results confirm that mixed venous blood is more 
representative of capillary blood and hence of phenomena 
occurring at tissue level. 2 Arterial acidaemia, reflective of 
compromised tissue perfusion, is preceded by other indicators of 
haemorrhage. In conclusion, arterial blood gas analysis may be 
inappropriate detecting perioperative or post-trauma blood loss. 
Mixed venous oxygenation is much more sensitive as is systemic 
arterial pressure, though this may be modified by surgical or 
traumatic stimuli. 

Refereces 
l DaviesGGetaL Anesthesiology 1987; 66: 805-9. 
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Pharmaoekenet ics  and  p h a r m a c o d y n a m i c s  o f  a tracur ium 

with or without  previous  succinylchol ine  administration 
J.Dureharme, F. Donati, S.S. Gill, F. Varin, D.R. Bevan, 
J.G. Besner 
McGiU University 

Succinylcholine increases the potency of non-depolarizing 
relaxants administered subsequently.t The magnitude of this 
effect has been investigated for vecuronium, but not for other 
relaxants. Furthermore, no data have been obtained regarding 
the concentration-effect relationship after suecinylcholine ad- 
ministration. This study was designed to determine the plasma 
concentration and effect of atracurium, with and without 
previous suecinyleholine administration. 

Methods  
The protocol was approved by the Hospital Ethics Committee. 
Informed consent was obtained from all patients. This study 
included 18 ASA physical status l or II  adults scheduled for 
elective surgery for which an arterial caanala was indicated. 
Anaesthesia was induced with thiopemone, 3-5 mg. kg -t , and 
maintained with nitrous oxide (70 per cent) and isoflarane (0.5 
per cent cod-tidal), in oxygen. Train-of-four stimulation was 
applied to the ulnar nerve and the force of contraction of the 
adducer pollicis muscle was measured. Atracudum, 0.2 
mg-kg -I, was administered either after full recovery from 

succinylcholine, l rag. kg- i, or without previous suocinylcho- 
line injection. Plasma samples were taken at 0, 0.5, l ,  1.5, 2, 3, 
5, 7, 10, 15, 20, 30, 45, 60, 90 and 120 rain after atracurium 

injection. They were analyzed for atracurium levels using an 
HPLC assay. Non-compartmental analysis of pharmacokinetic 
data was performed. Results are expressed as means -+ SEM. 
Statistical analysis was performed using the Student' s t test and a 
P value less than 0.05 was considered to indicate statistically 
significant differences. 

Results 
The pharmaookinetic characteristics were the same in both 
groups of patients (Table D. Neuromuscular blockade occurred 
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TABLE I Pharmacokinetic values (mean • SEM) 

Volume of Mean 
distribution Clearance residence time 
(ml.kg -I) (ml.kg-t.min -t) (min) 

With sas. 190 • 26 9.09 • 0.84 20.4 • 1.2 
Without sux. 167 -+ 7 7.50 • 0.33 22.7 • 1.4 

NS NS NS 

TABLE I1 Pharmacodynamic values (mean • SEM) 

Time to 50% 
recovery CpSO 

Time to 50% Max. block 
block (rain) (%) (rain) (ng. ml -j) 

With sux. 1.75 -~ 0.25 95.2 • 2.0 31.8 + 2.2 172 • 22 
Without sun. 3.3 • 0.3 85.t • 3.8 24.4 • 1.6 291 --- 23 

P < 0.001 P < 0.05 P < 0.02 P < 0.002 

faster, was more profound, and recovered later in the group 
which received sueeinylcholine (Table It). The atracurium 
concentrations corresponding to 50 per cent recovery (CpS0) 
were 69 per cent higher in the group without suecinyleholine 
(Table II). 

Discussion 
This study showed that previous administration of succinylcho- 
line does not alter the kinetics of atracurium, but increases its 
pe~ncy. This effect still persists more than 30 min after 
atracurium administration, or 40 rain after injection of succinyl- 
choline. The mechanism for this long-lasting interaction of 
succinylcholine is uncertain. Clinically, the atraeurium require- 
ments are reduced if succinylcboline has been administered 
previously. 

Reference 
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A comparison of propranolol, diazepam, and placebo 
for anxiolysis 
J.B. Dyek, F. Chung, R. Areltano 
University of Toronto 

Propranolol has been shown to be effective in the prevention of 
stage fright. ~ It may therefore be a nonsedating anxiolytie agent 
useful for outpatient surgery. The use of propranolol as an 
anxiniytie premedieation has never been studied. We undertook 
a study to compare the effects of propranolol, diazepam, and 
placebo for anxiolysis prior to outpatient surgery. 

consent was obtained from 62 healthy ASA physical status I 
females aged 18-35 years undergoing outpatient dilatation and 
curretage (D&C). In a randomized double-blind fashion the 
patients received one of the following oral medications 1-1.5 hr 
preoperatively: (1) diazepam 10 mg (n = 21), (2) propranolo180 
mg (n = 21), (3) placebo (n = 20). 

Assessments of anxiety using the State Trait Anxiety Invento- 
ry (STAI) were performed on arrival at the hospital, in the 
holding area outside the OR (one hour after the prcmcdication) 
and 2 hrs postoperatively. Postoperative recovery was assessed 
using the Treiger Test and Digit Span o n admission to hospital 
and at one, two, and three hours after the operation. Vital signs 
were collected on admission to hospital, in the holding area 
outside the OR, immediately before induction of anaesthesia, 
during dilatation of the cervix, on admission to the recovery 
room, and at one, two, and three hours postop. The anaesthetic 
was standardized to include fentanyl 0.5 p,g" kg -  1, thiopentooc 
5 m g '  kg -I  with an additional 1 m g '  kg - I  prior to dilatation of 
the cervix. Maintenance was with 60 per cent N20, and 
enflurane titrated to signs of light anaesthesia, Statistical 
analysis was performed using repeated measures analysis of 
variance within groups and analysis of variance with Bonferroni 
correction between groups, accepting P < 0.05 as significant. 

Results 
There were no significant differences between the groups with 
respect to age, weight, admission vital signs, duration of the 
operation, or baseline scores on the State Trait Anxiety, Treiger, 
or Digit Span tests. Between group comparison of anxiety 
showed no significant difference among patients receiving 
propranolol, diazepam, or placebo (Figure 1). Only the patients 
given diazepam and placebo showed a significant within-group 
decrease in anxiety between admission to hospital and the 
holding area outside the operating room (Figure 1). By two 
hours after completion of the procedure all groups showed a 
significant decrease in their anxiety scores. Between group 
comparison of the vital signs showed a significant difference 
only in heart rate of patients taking propranolol. 
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Methods 
The study was approved by the Hospital Ethics Committee and FIGURE I Outpatient anxiety vs time. 
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Within group comparison of psychomotor testing revealed 
significant impairment only in the group receiving diazepam. In 
this group, Digit Span testing at one hour postop and Treiger 
Testing up to two hours postop were impaired. No significant 
postoperative impairment was evident with placebo or proprano- 
1ol, and the propranolol group showed a significant improve- 
ment in Digit Span testing over time. 

Discussion 
Propranolol was not as effective as diazepam and placebo in the 
treatment of preoperative anxiety for outpatient suction D&C. 
Diazepam caused postoperative psychomotor impairment while 
propranolol improved performance, likely through lowering 
anaesthetic requirements to maintain haemodynamic control. 
Placebos appear be a more desirable premedication than 
diazepam or propranolol for patients undergoing outpatient 
D&C procedures. 

Reference 
1 Brantigan CO. Brantigan TA, Joseph N. Effect of beta 

blockade and stimulation of stage fright. Am J Med 1982; 72: 
88-94. 

Low intravenous bolus dosing of labetalol for prevention 
of the hypertensive/tachycardic response to tracheal 
intubation 
G. Lim, D.G. Bailey, C.D. Bayliff, D.G. Cunningham 
University of Western Ontario 

Tracheal intubation may result in a brief but marked increase in 
blood pressure and heart rate. Labetalol is an unique beta blocker 
as it is also an antagonist of post-synaptic alpha receptors. Bolus 
intravenous labetalol administration has been shown to produce 
maximum hypotensive effects by one minute after dosing. 
Because labetalol is then rapidly and extensively redistributed to 
other tissues it was hypothesized that a low intravenous bolus 
dose would provide quick and effective but transient activity. 

Methods 
In a parailel-designed study to determine efficacy, single 
intravenous doses of O.O, 0.0625, 0.125, 0.250 m g ' k g  -I  
labetalol were given in a randomized, double-Mind manner to 40 
consenting healthy patients who were undergoing tracheal 
intubation prior to dental surgery. Rate pressure product (RPP), 
systole (SBP) and diastole (DBP) blood pressure and heart rate 
(HR) were measured at one minute intervals using an automatic 
device (Critikon, Dinamap 1846 SX). Procedures were stan- 
dardized: baseline measurements ( - 6  to - 4  min); 100 per cent 
oxygen, d-tubocurarine 0.04 m g ' k g  -1 and fentanyl I Izg'kg 
( - 3  rain); thiopentone to cause loss of eyelid reflex and 
succniylcholine 1.5 mg -kg - I  ( - 2  rain); labetalol dose over 15 
seconds followed by tracheal intubatinn (0 rain); 66 per cent 
nitrous oxide, 33 per cent oxygen and 1.0 per cent isoflurane 
(+ 1 to +5 min). Statistical comparisons were made among the 
four labetalol doses using one-way ANOVA followed by 
Tokey's Test if significance (P < 0.05) was observed. 

TABLE Maximum change 

Labetalol dose. rag. kg -I 

0.0 0.0625 

RPP (mmHg. bpm) 4484 • 3320 5642 -+ 2506 
SBP (mmHg) 39 • 23 41 -~ 18 
DBP (mmHg) 22 • 11 29 • 15 
HR (bpm) 5 • 9 14 • 9 

Labetalol dose, rag. kg -I 

0.125 0.250 

RPP (mmHg.bpm) 3851 - 1623 3657 • 2397 
SBP (mmHg) 30 • 16 32 -+ 18 
DBP (mmHg) 19 -- I I 27 • 12 
HR (bpm) 8 • 6 6 -~ 8 

Results 
Maximum change (mean -- SD) in RPP, SBP and DBP occurred 
by + 1 minute and was significantly increased from - l  minute 
(P < 0.01). However, there were no differences among the 
treatment groups (Table). Between +5 and + tO min, the RPP 
for patients receiving labetaiol 0.250 rag. kg-  t was statistically 
lower than for placebo. 

Conclusions 
Intravenous bolus labetalol in the dosage range utilized in this 
study did not protect from increases in RPP, SBP and DBP 
associated with intobatinn when administered one minute prior. 
The lower RPP seen between times five to ten minutes in the 
group given the highest labetalol dose may reflect: 
1 a longer time to maximum labetalol effect after bolus 
administration than previously shown; 
2 an isoflurane response as dosage was not standardized during 
this time. 

Reference 
l MorelDR, ForsterA, SuterPM. Evaluation of IV labetalol for 

treatment of posttranmatie hyperdynamie state. Intensive Care 
Med 1984; 10: 133-7. 

Occupational exposure to nitrous oxide during paedlatric 
anaesthesia: A comparison of two induction techniques 
A. Ewen, S.D. Sheppard, G.V. Goresky, L. Strunin 
University of Calgary 

The risk to operating room personnel of chronic exposure to 
trace concentrations of nitrous oxide has been the subject of 
numerous epidemiological studies, i A recent study of dentists 
has provided evidence of bone marrow depression following 
prolonged nitrous oxide exposure. 2 During paediatric anaesthe- 
sia, considerable potential exists for exposure to nitrous oxide 
when this agent is used as part of an inhaiational induction 
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technique. The aim of this study was to measure the concentra- 
tions of nitrous oxide to which operating room personnel were 
exposed and to determine whether the method of induction of 
anaesthesia influenced the degree of exposure. 

Methods 
Approval for this study was granted by the Institutional Research 
Committee, and consent for participation of subjects was not 
required. All measurements were made in one operating room, 
in which air underwent 11.5 exchanges per hour. Exposure to 
nitrous oxide was measured during 12 routine paediatric ENT 
lists by means of passive atmospheric samplers (Nitrox nitrous 
oxide dosimeters, Landauer). 3 Four dosimeters were employed 
during each surgical list. One was placed at a room air vent 
behind the anaesthetic machine. The others were attached to the 
collars of the surgeon, anaesthetist, and circulating nurse. Two 
anaesthetists each completed three lists using nitrous oxide/ 
oxygen/halothane inductions (Group I) and three lists using 
intravenous inductions with thiopentone (Group II). Anaesthe- 
sia was maintained in all patients with 66 per cem nitrous oxide 
and halothane in oxygen delivered via a Baln coaxial system 
using fresh gas flows calculated by body weight according to the 
recommendations of Rose et al. 4 Passive scavenging of waste 
anaesthetic gases was employed in all cases. Nitrous oxide 
exposure was expressed as a time weighted average (TWA) 
which denotes average exposure in parts per million (ppm) per 
hour. Group comparisons were made for patients' age and 
weight, fresh gas flow rates, and duration of surgery. Signifi- 
cance was assessed at a P- value of 0.05 using unpaired t tests for 
parametric data and the Mann-Whimey U test for non- 
parametric data. 

Results 
There were 66 patients in Group I and 80 in Group II. Between 
the groups there were no significant differences with regard to 
demographic data, mean fresh gas flow rates or mean duration of 
the surgical procedures. The percentage of patients who under- 
went tracheal intubation was comparable in both groups. 
Readings from 5 of the 48 dosimeters (two surgeons, one nurse 
and two vents) were below the lower limit of detection; these 
results were markedly inconsistent with TWA values obtained 
from other dosimeters at the same locations and were therefore 
excluded from analysis. The remaining results are summarised 
in the Table. Mean nitrous oxide exposure, assessed by TWA 
values obtained at all four sampling locations, was significantly 

TABLE 

TWA (ppm N20 . hr - I ) 
Dosimeter Group I Group 1I 

Annesthedst 532 (lOt) 220 (93) 
Surgeon 204 (25) 181 (72) 
Nurse 299 (66) 71 (19) 
Room "rent 87 (20) 83 (47) 
All dosimeters 302 (50) 137 (32)* 

All values expressed as mean (gEM). 
*P < 0.1301 Group I vs Group II (Mann-Whitney U test). 

greater during those operating lists in which an inhalational 
induction technique was used. 

Discussion 
A universally "safe" level of occupational nitrous oxide expo- 
sure has yet to be established. Although the use of an intravenous 
induction technique significantly reduced nitrous oxide expo- 
sure, mean TWA values obtained at all sampling locations 
demonstrated considerably greater nitrous oxide concenlrations 
than the current NIOSH s recommendation of 25 ppm, irrespec- 
tive of the method of induction. This value may be unattainable 

when high flow rates of nitrous oxide are used during paediatrie 
anaesthesia. As expected, the highest TWA values in both 
groups were found in the breathing zone of the anaesthetist. 
Overall, a very wide range of TWA values (6-880 ppm) were 
obtained under comparable clinical conditions. This, and the 
occurrence of a number of unexpected zero results, calls into 
question the suitability of this technique for measuring individu- 
al occupational exposure to nitrous oxide over short ( < 6  hour) 
periods. 
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1 Baring JE et al. Health experiences of operating room 

personnel. Anesthesiology 1985; 62: 325-530. 
2 Sweeney B et al. Toxicity of bone marrow in dentists exposed to 

nitrous oxide. Br Mud J 1985; 291: 567-9. 
3 Bishop EC, Hossain MA. Field comparisons between two nitrous 

oxide passive monitors and conventional sampling methods. 
Am lndust Hyg Assoc J 1984; 45: 812-6. 

4 Rose DK, Byrick R J, Froese AB. Carbon dioxide elimination 
during spontaneous ventilation with a modified Maplesen D 
system. Can Anaesth Soc J 1978; 25: 353-65. 

5 Criteria for a recommended standard: occupational exposure to 
waste anaesthetic gases and vapors. Washington D.C., U.S. 
Govt Printing Office, HEW Publ. no. (NIOSH): 77-140, 1977. 

Cardiovascular depression during halotlmne anaesthesia 
in neonate 
D.J. Murray, R.B. Forbes, D.L. Dull, L.T. Mahoney 
University o f  Iowa College o f  Medicine 

The marked decreases in blood pressure that occur with 
halothane anaesthesia in human neonates suggests that myocar- 
dial depression is more severe in the human neonate than in the 
older infant and adult. ~,3 The cardiovascular depression that 
occurs during halothane anaesthesia in neonates has not been 
quantitated at defined anaesthetic concentrations or compared 
with older infants. 2 The purpose of this study was to measure 
cardiovascular changes, using two-dimensional and pulsed 
Doppler echocardiography, during halothane anaesthesia in 
neonates. 

Methods 
After informed written parental consent was obtained, ten 
unpremedicated full-term neonates who required elective sur- 
gery had non-invasive cardiovascular measurements recorded 
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TABLE 

Awake 1.0 MAC 1.5 MAC 

HR (bests.min -I) 144.4 • 5.6 143.1 -+ 4.1 132 +- 4.8* 
MBP (mmHg) 57 + 0.6 46.5 - 1.6" 42.4 - 1.4" 
SV (ml'beat -t) 5.6 -+ 0.6 4.0 +- 0.4* 3.4 +- 0.4* 
CI (L.min-I m -2 ) 3.6+-0.4 2.6• 2.1• 
EF (% of control) 100 • 8 75 +- 5* 66 +- 4* 
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infant and adult even when measured at equipotent anaesthetic 
concentrations. 

References 
l Lerman J eI al. Anesthesiology 1983; 59; 421-4. 
2 Murray et al. Anesthesiology 1987; 67:211-7. 
3 Gregory et al. Anesthesiology 1969; 30: 488-91. 

prior to anaesthesia induction. Blood pressure, heart rate and 
two-dimensional and pulsed Doppler echocardiographic mea- 
sures of left ventricular dimensions, pulmonary artery diameter 
and mean pulmonary artery velocity were recorded. 

Following musk inhalation induction with halothane in O2 and 
air, a second set of cardiovascular measures was made at 
end-expired halothane levels of 1.0 MAC (0.87 per cent) 3 
approximately 15 minutes following induction. A third set of 
haemodynamic measures was collected after increasing the 
inspired halothane level to achieve 1.5 MAC (1.34 per cen0 
end-expired halothane levels (approximately ten minutes fol- 
lowing the measurement made at 1.0 MAC). Measurements 
were completed prior to tracheal intubation and the start of 
elective surgery. Ventilation was controlled during the study 
period and mass spectrometry was used to measure and record 
capnograms and inspired and expired halothane and CO2 
concentrations. 

Results were analyzed by a randomized block analysis of 
variance. Significance was accepted at P < 0.05. Results are 
presented as mean -+ SEM. 

Results 
The mean age and weight of the neonates was 13.8 • 2.8 days 
and 3.1 • 0. l kg. Heart rate decreased significantly during 1.5 
MAC halothane. Significant decreases in mean blood pressure 
(MBP) were dose.related and occurred at both 1.0 MAC and 1.5 
MAC halothane (Table). Stroke volume (SV), ejection fraction 
(EF) and cardiac index (CI) decreased significantly at 1.0 and 
1.5 MAC halothane (Table). 

Discussion 
In this study, we found decreases in blood pressure of similar 
magnitude to prior clinical studies of neonates) "3 It has been 
suggested that the cardiovascular depression produced by in- 
halation anaesthetics may be similar in prematures, neonates 
and older infants, if measured at equivalent anaesthetic concen- 
tration) In prior studies of older infants and small children 
(mean age 12 mos), changes in cardiac index and stroke volume 
index at 1.0 MAC and 1.25 MAC halothane were of lesser 
magnitude (approximately 15 per cent) than reported in these 
neonates despite the greater absolute anaesthetic requirement 
that exists for halothane in the older infants. 2 We found 
decreases in cardiac index, stroke volume and ejection fraction 
that indicate relatively severe myocardial depression ( -  25 per 
cent decreases of El:, CI, SV) at concentrations of halothane 
equivalent to 1.0 MAC in neonates. 

In summary, this study suggests that more profound myo- 
cardial depression does occur in the neonate than in the older 

Intraoperative temperature monitoring sites in infants 
and children 
B. Bissonnette, D.I. Sessler, P. Laflamme 
Univeristy of Toronto, University of California 

Previous studies indicate that "central" (e.g., tympanic mem- 
brane, oesophageal, and rectal) temperatures are similar in 
anaesthetized adults undergoing non-cardiac surgery) We 
tested the hypothesis that the temperature of these sites is 
similar in children undergoing non-cardiac surgery. We also 
tested the hypothesis that airway heating and humidification 
influences lower eesophageal temperature. 

Methods 
With approval from our Ethics Committee, we studied 20 
children weighing 5-30 kg undergoing peripheral surgery. 
Halothane/N20 anaesthesia was administered with a modified 
Ayre's t-piece. Fresh gas flow was calculated using the formula 
of Rose and Froese, z respiratory rate (=30.  min -I) and tidal 
volume (~  12 mi" kg- i) were adjusted to maintain and end-tidal 
PCO2 near 35 mmHg. The patients were randomly assigned to 
active airway humidification and warming using a Fisher and 
Paykel warmer set at 37 ~ C, passive airway humidification using 
the Humid-Vent I heat and moisture exchanger, or no airway 
humidification and heating (control), Tympanic membrane, 
eesophageal, rectal, axillary, forearm, and fingertip tempera- 
tures were recorded every 10 rain during surgery. The tempera- 
ture of each measurement site was subtracted from tympanic 
membrane temperature and the results from each site at each 
time were averaged to determine temperature differences. 
Differences between groups were determined using ANOVA 
and Student-Newman-Keuls tests (P ~ 0.05 was considered 
significant). 

Results 
Figure 1 shows that oesophageal, rectal, and axillary tempera- 
tures usually differed from tympanic membrane temperatures by 
< 0.2~ (P > 0.05). In contrast, the peripheral skin-surface 
temperatures were 1-3 ~ C below tympanic membrane tempera- 
tures. Oesophageal temperatures in patients receiving active and 
passive airway humidification were ~0.25~ higher than 
tympanic temperatures whereas temperatures in patients without 
airway humidification were ~O..25 ~ C below tympanic tempera- 
tures (P -< 0.05) (Figure 2). 

Discussion 
Oesophageal, rectal, and axillary temperatures rarely differed 
from tympanic membrane temperatures by more than 0.2oC. 
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of central thermoregulatory responses input in children undergo- 
ing non-cardiac surgery. In contrast, forearm and fingertip 
skin-surface temperatures differed significantly from tympanic 

membrane temperatures, indicating that skin-surface measure- 
ments axe not a substitute for determining central temperatures. 
Oesophageal temperatures were slightly, but significantly, 
increased when patients were ventilated with warmed and/or 
humidified respiratory gases. 
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FIGURE I The mean difference between temperature at five different 
measurement sites and tympanic membrane temperature during the 
first 60 rain of surgery in 20 infants and children. Vertical bars show 
the standard deviation of the mean. Tympanic membrane oesnpha- 
geal, rectal, and axillary temperatures did not differ significantly. In 
cnntrast, the peripheral skin-surface temperatures (forearm and 
fingertip) were significantly lower than the central temperatures and 
significantly different from each other. Fingertip temperatures were 
wanner than forearm temperatures in these relatively warm, vasodilab 
ed patients. 
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FIGURE 2 The average difference between oesophageal temperature 
and tympanic membrane temperature in infants and children 
receiving different airway humidification and/or heating. Vertical bars 
illustrate the standard deviation nf the mean. Oesnphageal tempera- 
tures in the control group differed significantly from those of the 
groups given passive and active humidification. 

This difference is small, compared with the physiological 
differences among individuals, and the decrease in temperature 
needed to trigger thermoregulatory responses in anaesthetized 
humans.3 Thus, any one of these temperatures identifies the bulk 

Transeutaneous C02 monitoring during spinal anaesthesia 
in patients under 6 months of age undergoing inguinal 
hernia repair  
G.S, Bacon, L.R. Rice, K. Newman, W. Loe, M. Toth 
George Washington University 

Spinal anaesthesia is frequently employed in high-risk infants 
undergoing inguinal hernia repair. This study examines the 
effects of spinal anaesthesia to the upper thoracic (T4) level on 
oxygenation and ventilation of infants under 6 months of age. 

Methods 
With institutional approval and informed consent, we studied 11 
patients under the age of 6 months undergoing inguinal hernia 
repair. The patients were unpremedicated, neurologically nor- 
mal ASA physical status II and In patients, ten of whom were 
exprematures. A Sensor Medics transcutaaeous CO2 (TCO2) 
monitor was placed on the infant's chest prior to induction of 
anaesthesia. Other routine monitors were applied in the operat- 
ing room prior to administration of spinal anaesthesia. Hyper- 
baric tetracaine one per cent in a dose of 0.4 m g . k g  -~, with 
dextrose ten per cent 0.4 ml- k s -  1 was used for all patients in this 
study, with a minimum dose of 1.0 mg tetracaine. The level of 
sensory anaesthesia was tested using patient response to a 
peripheral nerve stimulator set at tetanus. Supplemental sedation 
was provided with ketamine in two patients and NzO/O2 in three 
patients. TCO2 monitoring was continued until patient dis- 
charge from the post-anaesthesia recovery room, Data examined 
included baseline values and intraopcrative ranges for both SaOz 
and TCO2. 

Results 
All patients had a history of pulmonary dysfunction and/or 
currently required home apnoea monitors. Postconceptual age 
ranged from 34 to 56 weeks; weights from 1,5 to 7 kg. Nine of 
the II  patients maintained an SaO2 of 100 per cent while 
breathing room air (see Table). Two patients who were on home 
02 therapy received supplemental 02 in the perioperative period 
equivalent to that which they required at home (FIO2 0 .25-  
0.30), and maintained an SaO2 of 94-  100 per cent. Preoperative 
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TABLE 

Patient PC age SaOz baseline/range TCOz baseline/range 

I 56 wks % 100/100 mmHg 44/40-50 
2 41 100/100 32/30-34 
3 44 100/100 38130-44 
4 40 100/100 38130-35 
5 47 1130/100 34/34-39 
6 86 96196-100' 48133-44 
7 45 100/99-100 44/30-44 
8 41 94/96-100' 55155-62 
9 44 1130/100 38/36-40 

10 37 104}1100 421./40-48 
11 46 1130/100 36/34-36 

*Received supplemental oxgyen at same FIn2 as required at home. 

TCO2 values ranged from 32-44, with the exception of the two 
patients mentioned above who had baseline TCO2's of 48 and 
55. Individual variation in TCO2 during the perioperative period 

was -+ 13 from baseline. There were no consistent patterns of 
change in TC02 during the monitoring period. Values recorded 
were within acceptable limits for activities of daily life con- 
sistent with the baseline TCO2 readings. 

Discussion 
Oar results indicate that spinal anaesthesia to the T4 level had no 
deleterious effects on oxygenation or ventilation in this group of 
high-risk infants, who required minimal or no sedation during 
inguinal hernia repair with this regional anaesthetic technique. 
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administered at least two hours preoperatively. After induction 
of anaesthesia, a Salem 16-gauge orogastric tube was inserted 
into the stomach and gastric fluid was aspirated. The pH of the 
aspirate was measured using a calibrated pH meter. A 5 ml 
venous blood sample was obtained at the time of gastric fluid 
aspiration to measure the serum concentration of ranitidine. 
Statistical significance (P < 0.05) was determined using 
ANOVA. 

Results 
The preliminary results of 66 patients with a mean age of 4.5 + 
0.2 years are presented. Both the serum concentration of 
ranitidine and gastric fluid pH decreased as the time interval 
after administration of oral ranitidine increased from two to six 
hours in Groups I1 and IV (Figures I and 2). None of the children 
in these groups had serum concentrations of ranitidine of <32 
ng'  ml -I . 

Effect of time on the serum concentration of Ranitidine 
and gastric fluid pH in young children 
M. Pilato, B. Bissonnctte, G.A. Finley, G,V, Goresky, 
K. Klassan, C. McDiamid, J. Lerman 
University of Toronto, Dalhousie University. University of 
Calgary 

Ranitidine increases gastric fluid pH by suppressing acid 
secretion by the gastric muensal parietal cells. Blamer et al 
reported that the serum concentration of ranitidine was maxi- 
mum and the acid secxetions were minimum 2-3 hours after 
administration of oral ranitidine in adolescents. ] However, the 
time interval for maximum acid suppression in younger children 
is unknown. Therefore, we investigated the relationship be- 
tween the serum concentration of ranitidine and gastric fluid pH 
after administration of an oral preparation of ranitidine. 

Methods 
This prospective randomized multi-centre trial was approved by 
the local ethics review conumttees. Informed written consent 
was obtained from the parents of 240 children, All children were 
one to six years of age, ASA physical status I or 1I and 
unmedicated. The children were randomly assigned to one of 
four oral regimens: Group I - placebo and 5 ml-kg  -I apple 
juice; Group II - 2 m g ' k g  -I ranitidine with 5 ml .kg  -I apple 
juice; Group [ ]  - placebo and 5 ml water; and Group IV - 2 
m g ' k g  -I ranitidine with 5 m] water. These regimens were 

FIGURE 1 Data are means + SEM. 

FIGURE 2 Data arc means -+ SEM. 
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D i s c u s s i o n  

This preliminary report demonstrates that 2 mg.  kg- I of the oral 
liquid preparation of ranitidine maintains the mean serum 
concentration of ranitidine above 100 ng. ml -I for up to five 
hours. However, the mean gastric fluid pH decreased to 1.9 after 
four hours. The results of this study suggest that gastric fluid pH 
is effectively maintained above 2.5 for four hours after adminis- 
tration of 2 rag'  kg- ~ of an oral liquid preparation of ranitidine. 

Reference 
1 Blumer JL et al. Pharmacokinetic determination of rartitidine 

pharmacodynamics in pediatric ulcer disease. J Peds 1985; 107: 
301-6. 

I~TCOz as a m o n i t o r  o f  c h a n g e  o f  PaCOz in children w i t h  

congenital heart disease 
V.A. Lazzell, F.A. Burrows 
University o f  Toronto 

End-tidal PCO2 (l~'rCO2) measurement underestimates arterial 
PCO2 (PaCO2) in children with certain congenital heart 
defects. 1,2 In the studies cited above the children were examined 
under haemodynamieally stable conditions at one time. The 

$137 

current study was designed to determine the change in the 
arterial to end-tidal PCO2 difference (APCO2) over a given 
period of time in children with congenital heart disease (CHD), 

Methods 
With approval from the hospital ethics committee, 26 patients 
>11 months in age and >6  kg in weight were studied. All 
patients were scheduled for corrective or palliative cardiac 
surgery. 

Infants and children were classified according to their cardio- 
pulmonary diagnosis as determined from physical, echocardio- 
graphic and/or angiographic examinations. These children were 
classified on the basis of their pulmonary blood flow (PBF) 
as: acyanotic with normal ea~iac anatomy (control, n = 2); 
aeyanotic with increased PBF (shunting-acyanotic, n = 10); 
cyanotic with decreased PBF (shunting-cyanotic, n = 6); and 
cyanotic with normal or increased PBF (mixing-cyanotic, n = 8) 
(Figure). 

All children were studied at normothermia in the supine 
horizontal position after induction of anaesthesia and intubation. 
Distal PErCO2 was sampled continuously using a puritan- 
Bennett/Datex model 253 infrared analyzer calibrated prior to 
each use. Simultaneous PETCO2 recordings and PaCO2 mea- 
surements were obtained during five events: (I) placement of 
arterial line (control), (2) patient preparation (time 1), (3) 
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post-stemotomy (time 2), (4) post-heparin administration (time 
3) and (5) aortic cannulation (time 4). 

Statistical significance was determined using one-way and 
repeated ANOVA and the Tukey test for multiple comparison P 
< 0.05. 

Results 
There was no significant difference in the distribution of ages 
among the four groups. The weight in the control group was 
significantly greater than in the other 3 groups. The graphs 
depict the APCO2 over time for each group. At the times 
designated as events 3 and 4, APCO2 in the children with 
shunting-cyanotic lesions was significantly different compared 
with control (event 1). 

Discussion 
These data suggest that although P E T C O  2 measurements are 
reliable as a monitor of change of P a C t  2 in patients with 
acyanotic shunting (increased PBF) and mixing (normal or 
increased PBF) lesions, PErCO2 is inappropriate as a monitor of 
change of PaCt2 in children with cyanotic shunting (decreased 
PBF) lesions. 
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Nonpulsatile cardiopulmonary bypass decreases cerebreal 
metabolic rate by fuctional cerebral capillary dosure 
J.M. Murkin, J.K. Farrar, A.W. Gelb, C.L. Irish 
University o f  Western Ontario 

Nonpulsatile cardiopulmonary bypass (CPB) has been shown to 
reduce cerebral metabolism in both animals I and man. 2,3 The 
aetiology of this metabolic reduction is unclear but it may reflect 
either decreased synaptic transmission or other mechanisms, 
e.g., capillary closure.~ Decreased synaptic transmission would 
reduce the total cerebral metabolic rate for oxygen (CMRO2) 
without affecting the metabolic requirements for neuronal 
integrity (i.e., basal cerebral oxygen consumption, BCMRO2), 
thus increasing the ratio BCMROa/CMRO2. Capillary closure 
would reduce both total CMRO2 and BCMRO2 but should 
preserve their proportional ratio. By estimating BCMRO2 using 
deep thiopentone anaesthesia, 4 and comparing the ratio 
BCMROa/CMROz in the presence or absence of normothermic 
CPB, this distinction was made. 

Methods 
Following institutional approval and after obtaining written 
informed consent, 17 patients 32 - 6 yrs undergoing accessory 
pathway cryoablation surgery a were assigned to either control 
group (n = 8) or normothermic CPB group (n = 9). Cerebral 

blood flow (CBF) was measured using a 'S~Xe clearance 
technique, and insertion of a catheter into the jugular bulb 
enabled sampling of effluent cerebral venous blood for calcula- 
tion of CMRO2. a'3 Cerebral perfusion pressure (CFP) was 
calculated as the difference between mean arterial pressure and 
jugular venous pressure, and nasopharyngeal temperature 
(NPT) was used to estimate brain temperature. For BCMRO2 
determination, thiopentone was administered in sufficient dos- 
age to produce a burst/suppression EEG pattern (duration of 
burst <1/3 isoetectric duration) using a 10-channel EEG. 
Anaesthesia was induced and maintained with sufcntanil 20 
ixg'kg- ' .  Following sternotomy, control CBF and CMRO2 
measurements were made in both groups. In the control grnup, 
thiopentoan was administered and CBF and BCMRO2 measure- 
ments were made. In the CPB group, after beparin 400 
iu' kg -t ,  nonpulsatilc normothermic CPB was established at a 
flow rate of 2.2 to 2.5 L .min - '  .m -2, using a Cobe CML | 
membrane oxygenator and arterial line filter. During CPB, 
repeat CBF and CMRO2 measurements were made, followed by 
thiopentone administration for CBF and BCMRO2 measure- 
ments. An unpaired t test was used to compare control CBF and 
CMR02 measurements. The effect of nonpulsatile CPB was 
assessed by comparing the ratio BCMRO2/CMRO2 in control 
and CPB groups. Alpha <0.05 was significant. 

Results 
Prior to CPB there was no significant difference in CBF, 
CMRO2, NPT, PaCt2, CPP or haemoglobin concentration 
between groups. There was no significant difference in CPP or 
PaCt2 between either group during the BCMRO2 determina- 
tion. With institution of CPB, both CBF and CMRO2 were 
significantly reduced (CBF 28 -+ 4 vs 37 +- 8 ml-100 
gm - t 'min- l ;  CMRO2 1.31 - 0.2 vs 2.29 - 0.3 ml '100 
gm-t mi,-t), and BCMRO2 was significantly lower in the CPB 
group vs the control group (0.90 -+ 0.2 vs 1.62 -+ 0.9 ml- 100 
gin-t,  rain-1). The ratio BCMROa/CMRO2 was unchanged in 
the control group (74.6 per cent) vs the CPB group (69 per cen0. 

Discussion 
The initial CBF and CMRO2 were similar in both groups 
demonstrating comparability of the sample populafons. The 
significant reduction in CBF and CMRO2 with onset of 
nonpulsatile CPB is consistent with what has been previously 
demonstrated, and the similarity of the ratio BCMRO2/CMRO2 
in the two g~oups suggests that it is capillary closure rather than 
cerebral depression that accounts for the reduced metabolic 
activity observed, Since this reverses after weaning from 
CPB, 2's it likely represents functional capillary closure rather 
than cerebral microombolization,I and may be remediable with 
pulsatile CPB. 
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Immune dysfunction after pediatric open heart surgery 
W. Case}', G.J. Hauser, M.M. Chan, F.M. Midgley, 
P. R, Holbrook 
George Washington University, Washington, D.C. 

The effects of cardiac surgery on cellular and humoral immunity 
in children is unknown. This study was undertaken to evualuate 
cellular and humoral immune function following cardiac 
surgery. 

Methods 
Institutional approval and informed parental consent were 
obtained for 24 patients (3 months to 12 years) undergoing 
cardiac surgery for repair of congenital cardiac defects. All 
patients were anaesthetized with halothane and oxygen and 
maintained with fentanyl (10-40 lug" kg -~) and pancuronium 
(0.15 mg. kg-I). Patients were studied before commencement 
of cardiac surgery and one hour and 24 hours postoperatively for 
blastogenic response (BR) of the lymphocyte to various mito- 
gens and antigens, T cell subsets (CD3, CD4, CD8) and serum 
levels of complement (C3, C4) as well as immunoglobulins 
(lgG, IgM, lgA). Intraoperative events and postoperative 
severity of illness (PRISM) score t were assessed. 

Results 
Patient ages ranged from 3 mo to 12 yrs. Five patients had 
trisemy 21. Five children had closed procedures and 19 had open 
heart surgery. Partial thymectomy was also performed in 5 
patients. Compared with preop values, significant suppression 
(P < 0.05, Student's t test) of C3, C4, I t ,  lgM and of BR to 
tetanus toxoid was observed one hour post-op. C3 and C4 levels 
remained depressed and Ig levels and BR recovered on first 
post-op day. Closed heart procedures were associated with little 
change in immunity. Bypass snd cross-clamp time, degree of 
cooling, surgery and anaesthetic time, blond loss and post- 
operative severity of illness did not correlate with immune 
suppression. Partial thymectomy and trisomy 21 did not affect 
changes in immunity following surgery. There was one case of 
postoperative pneumonia with bacteremia, and two eases of 
prolonged unexplained fevers. Immune suppression in these 
patients was similar to that in patients without infection. 

Discussion 
Studies have shown that acute tissue injury by trauma or surgery 
causes suppression of immune functions. Humoral immunity is 
impaired due to depression of circulating B cells. The different 
components of the phagocytic system are depressed. However, 
the most consistent impairment of the immune system is 
manifested in the cellular immune system. Studies carried out on 
healthy adults who underwent elective surgery were found to 
have depression of the total lymphocyte B and T cell counts, of 
skin ~st reactivity, and of the in vitro proliferative response of 
lympbecytes to mitogens. The immunosuppressive effect of 
anaesthesia and surgery lasted from three to five days for most 
variables except for skin test responses, which returned to 
normal two to three weeks postoperatively. 2 

Cardiopalmonary bypass also has significant immunosup- 
pressant effects. The rapid movement of immune cells and 

proteins through the cardiopulmonary pump causes cellular 
destruction complement activation which may contribute to 
depressed immunity. 

We have demonstrated in this study that both the humoral and 
the cellular immune systems are suppressed after paediatric open 
heart surgery. The role of this immune suppression in postopera- 
tive morbidity is yet to be determined. 
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Source of plasma histamine during paediatric 
cardiopulmonary bypass 
D.E. Withington, M.E. Elliott, W.K. Man 
Hospital for Sick Children, London, England 

Histamine is a biogenic amine implicated in many physiological 
and pathological processes. The cardiovascular effects of 
histamine include vasodilatation, pulmonary vasoconstriction, 
cardiac dysrhythmias and increased capillary permeability. 
During and following paediatric cardiopulmonary bypass (CPB) 
these are events which may be detrimental to patient stability. 
Elevated histamine levels have been reported during cardiopol- 
monary bypass I but the source of histamine is unclear. Damage 
to hasephils in the pump has been postulated, also allergic 
reactions to an~.esthetic drugs and protamine. This study 
postulates the lungs as a source of histamine release during the 
initial phases of reperfusion. 

Methods 
Five children undergoing cardiopulmonary bypass for a variety 
of procedures for correction of congenital heart disease were 
studied (age range: 3.5-8 years). Patients on drugs known to 
affect histamine release were excluded. All children recieved a 
standard pro-medication of Injection Pethidine Compound 0.07 
ml-kg -I with atropine 0,2-0.3 mg if weight >15 kg or 
papaveretum 0.4-0.5 mg- kg J with hyoscine 0.008 mg.  kg- t, 
one hour prior to surgery. Anaesthesia was induced with cyelo- 
propane and oxygen or thiopentone, and relaxation achieved 
with pancaronium. After intubation and the placement of arterial 
and CVP lines an initial baseline blood sample was taken. 
Subsequent samples were taken during surgery after any event, 
e.g., heparin, start of bypass. All samples were taken from the 
right atrial (RA) CVP line until a left atrial (LA) line could be 
inserted by the surgeons prior to coming off bypass. Parallel 
samples were then taken from RA and LA and again one and five 
minutes after inflation of the lungs. All samples were taken into 
EDTA on ice and spun as soon as possible in a cold centrifuge 
(2000 rpm for 10 min). The plasma layer was then removed and 
the samples frozen at -200 C until assayed. A radioenzymatic 
assay technique was used. 2 
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TABLE PLasma histamine levels (ng,nd -I) pre- and post-reventilation 

Ventilation 

Patient Pre-reventilation + 1 rain +5 rain 

I RA 1.34 0.78 0,59 

LA 1.05 1.09 1.56 
2 RA 0.02 0.33 0.45 

LA 0.02 1.90 
3 RA 1.20 0.63 1.34 

LA 0.65 0.64 2.08 
4 RA 1.24 1.02 0.02 

LA - 0.09 

5 RA 1,28 1.94 1,23 

LA 1.03 1.60 

Results 
Two subjects had slightly elevated histamine levels (1.39 and 
1.13 ng. ml-t) after induction of anaesthesia but these returned 
to normal prior to initiation of bypass. Elevated histamine levels 
(> 1 rig- ml- t) occurred at the start of CPB in one patient. RA 
and LA levels were comparable before reventilation in all 
subjects (Table). The actual RA level was elevated in two 
subjects. After reventiladon LA levels were higher than RA 
levels in three subjects. The LA level rose in one child after 
coming off bypass. 

Discussion 
This study demonstrates a difference between RA and LA 
histamine levels after reventilation of the lungs in some children. 
These findings suggest that histamine is liberated in the 
pulmonary vasculamre at the time of reventilation and conse- 
quent reperfusion. Histamine thus may play a role in intraopera- 
five dysthythmias and hypotension, and in children with 
pulmonary hypertension may be implicated in increasing vascu- 
lar reactivity perioperatively. The identification of a possible 
source of histamine release during CIaB allows for the possiblity 
of effective therapeutic intervention. 
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Dopamine induced renal vasodilation: Interactions with 
AMP and SNP 
B.A. Finegan, A.S. Clanachan 
University of  Alberta 

Reduction in afterload can favourahly influence myocardial 
oxygen supply demand balance and increase cardiac output in 
hypertension and cardiac failure. Adenosine monophosphate 
(AMP), an endogenous nuclcotidc, is an effective arterial 

vasodilator and in combination with dopamine (DA) causes a 
more profound increase in cardiac output than DA alone or a DA 
sodium nitroprusside (SNP) combination. Adenosine receptor 
stimulation has, however, been associated with renal vase- 
cons~ction. We have studied the effects of SNP and AMP on 
renal blood flow in the dog and their influence on DA-induced 
renal vasodilation. 

Methods 
Eight mongrel dogs were anaesthetized with pentobarbital (30 
mg'kg-I) ,  their tracheas were intubatad and their lungs venti- 
lated. Anaesthesia was maintained by a constant infusion of 
pentobarbital (3 m g ' k g  -I 'h r  - t)  and fcotanyl (20 p.g.kg - I .  
hr-~). Arterial blood gases and end-tidal CO2 were monitored 
and normality maintained. Arterial pressure (femoral artery), 
pulmonary artery and central venous pressures (Swan Ganz) and 
EKG were monitored continuously. Cardiac output was deter- 
mined by thermodilution (Edwards Cardiac Output Computer). 
Renal blood flow was measured by an electromagnetic flow 
probe (Statham SP2022) placed on the left renal artery. After a 
60-minute stabilization period, control values were obtained and 
AMP (0.2, 0.5, 1.0, 2.5 mg-kg -t .rain -t)  and SNP (2, 5, lO, 
25 rag' kg- i. min- i) were infused alone and in combination with 
DA (5 ~,g.kg -t .rain-l). Parameters were recorded after ten 
minutes at each level of drug infusion. 

Results 
AMP and SNP reduced arterial pressure in a dose-dependent 
fashion+ Both drugs, alone and in combination, increased heart 
rate and cardiac index but AMP increased cardiac index 
sigalficandy more than SNP. AMP caused a biphasic alteration 
in renal blood flow, an initial transient (30 sec) reduction in flow 
followed by a return to control values. At infusion rates that 
produced an equivalent fall in systemic vascular resistance 
index, renal vascular resistance index was equally reduced by 
both drugs+ DA induced renal vasodilation was not antagonized 
by AMP or SNP. 

Discussion 
DA at doses of 5 p,g "kg -t" rain - t  or less increases renal blood 
flow by stimulation of DAt receptors found on the renal 
vaseulature.~ Adenosine (A2) receptor stimulation causes sys- 
temic vasodilation but initial renal vasoconstriction. 2 Our data 
indicate that the beneficial effects of DA on the renal vasculature 
persist during AMP-induced systemic vasodilafion. SNP has 
little effect on RBF, an expected result, given the maintenance 
of blood pressure within the autoregulatory range. Further 
studies are required to determine intrarenal distribution of blood 
flow and the effects on renal function of the above drug 
combinations. 
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Alfentanil pharmacoklnetlcs in patients undergoing 
abdominal aortic surgery 
R.J. Hudson, I.R. Thomson, P.M. Burgess, M. Rosenbloom 
University of Manitoba 

Narcotic-based anaesthesia may reduce the incidence of postop- 
erative complications in patients undergoing abdominal or 
thoracoabdominal aortic surgery.i However, fentanyl and suf- 
entanil are eliminated very slowly in these patients. In general 
surgery patients, alfentanil is eliminated faster than fentanyl 
and sufentanil. 4 Therefore, we undertook this investigation to 
determine the pharmaeokineties of alfentanil in patients under- 
going abdominal aortic surgery. 

Methods 
After approval from the faculty human studies committee, 
informed consent was obtained from patients scheduled for 
elective abdominal aortic surgery. Morphine 0.15 mg.  kg-I IM 
and scopolamine 0.006 rag. kg- t IM were given preoperatively. 
Anaesthesia was induced with alfentanil 175 p,g. kg- i IV, given 
by infusion over 3.5 min. Metocurine-paneuronium (4:1) 
0.0675 ml. kg-I was given concurrently. After tracheal intuba- 
lion, nitrous oxide 70 per cent (inspired) was begun. Prior to the 
start of surgery, the nitrous oxide was discontinued and a second 
dose of alfentanil, 125 p.g- kg -j , was given over 2.5 min. No 
other anaesthetic agents were given until either heart rate or 
mean arterial pressure increased to 120 per cent of the values 
prior to incision. At that time diazepam, morphine, isoflurane, 
and/ur nitrous oxide were administered. Intraoperatively, crys- 
talloid ,was given to maintain pulmonary artery wedge pressure 
near the preinduction value, and packed red blood cells were 
transfused as needed. Vasoaetive drugs were given at the 
discretion of the attending anaesthetist. Starting 30 see after the 
end of the first infusion, arterial blood samples were drawn at 
increasing intervals over a 24-hr period. The serum was 
separated and stored at - 2 0  ~ C. Serum aifentanil concentrations 
were demrmined by gas-liquid chromatography using fentanyl 
as the internal standard. Two- and three-compartment models, 
allowing for two infusions, were fit to the concenltation versus 
time date by nonlinear regression. For each patient, the 
appropriate model was chosen, s and pharmaeokinetie variables 
were calculated using standard formulae.6 

Results 
Five male patients having a mean (-+ SD) age of 67.1 --+- 5.6 
years and a mean weight of 84.5 --- 8.4 kg were studied. The 
volume of the central compartment was 0.062 - 0.015 L.  kg -1 , 
the volume of distribution at steady state was 0.78 -+ 0.40 L.  
kg- t, and total drug clearance was 8.3 -+ 1.1 ml.  rain- t. kg- t. 
The rapid and slow distribution halfrtimes were 1.8 ~ 0.3 and 
30.1 --- 7.8 rain, respectively, and the elimination half-time was 
4.1 --. 3.2 hr. 

Discussion 
In general surgery patients, mean elimination half-times of 
alfentanil of 1 - 1.5 hr have been reported.4 The mean clearance 
in our patients, 8.3 m l ' m i n - t ' k g  - j ,  is slightly higher than 
previously reported values. In spite of this, the elimination 

half-time in our patients, 4,1 +- 3.2 h, is longer than in general 
surgery patients because of a larger volume of distribution. The 
mean elimination half-time of alfentanil patients undergoing 
abdominal aortic surgery is much shorter than that reported for 
fentanyl or sufenlanil in comparable patients.2'3 All the patients 
required additional anaesthetic agents within 1 hr of the start 
of surgery, confirming that alfentanil should be given by con- 
tinuous infusion. Further studies arc indicated to determine if 
intraoperative infusions of alfentanil provide the benefits of 
more potent opioids, I while allowing more rapid recovery. 
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The effect of mixtures of pancuronium and vecuronium 
on heart rate during anaesthesia for coronary artery 
bypass surgery 
J.M. Fisher, J.P O'Connor, F.E. Ralley, J.G. Ramsay, 
G.R. Robbins 
McGill University 

Pancuronium is widely used in cardiac anaesthesia because its 
vagolytic properties counteract the bradycardia associated with 
high-dose opiate anaesthesia. Thomson et al. have shown that 
pancuronium in combination with fentanyl may result in 
tachycardia and ischaemia in patients undergoing coronary 
artery surgery (CAS).I The newer agents sufentanil and vecur- 
oaium are gaining in popularity; however, concerns have been 
expressed about this combination leading to bradyeardia and 
hypotensinn with resultant isehaemia.2 The purpose of this study 
was to determine if a mixture of pancuronium and vecuroninm 
could produce a stable heart rate on induction of anaesthesia with 
sufentanil for CAS. 

Methods 
Seventeen patients for elective CAS were studied. Premedica- 
tion consisted ofdiazepam, morphine and scopolamine. Routine 
invasive monitoring lines were inserted. Induction of anaesthe- 
sia was with sufentanil 5 p~g. kg- i given over 3 rain with one of 
the following mixtures of muscle relaxants: Group 1, vecurun- 
ium O. 1 mg.  kg-I; Group If, pancuronium O. 1 mg.  kg-t; Group 
Ill, paneuronium 0.01 mg" kg -I + vecuronium 0.09 mg.  kg-I; 
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TABLE Heart rate -+ SEM 

Group WA BA IND INTI INTIO INC STE 

I f~---3 51-+4 50-+7 61• 50--.5 49-+4 48-+3 
2 64-+6 56-+6 69-+7 74-+10" 68-+9 68-+8 60-+7 
3 67-+4 57-+3 53---3 57-+1 49-+2 49-+1 49• 
4 69r 62-+5 54-+7 57• 57-+6 53-+5 56-+7 

WA = ward; BA = baseline; IND = 1 min post-induction; 
INT I = 1 rain pest-intubation; INT 10 = 10 rain post-intubation; 
INC = 1 rain post-skin incision; STE = I min post-sternotomy. 
*P <0.05 compared to baseline measurement. 

Group IV, Pancuronium 0.02 mg .kg -t  + veearonium 0.08 
mg .kg  -l .  

The relaxant combinations were prepared by the OR pharma- 
cist in identical blinded 20 ml syringes containing the induction 
dose. Twenty per cent of the muscle relaxant dose was adminis- 
tered 60 see prior to injection of sufentanil. The balance of the 
muscle relaxant was injected after loss of consciousness. 

Haemodynamic profiles were taken pre-induction, post- 
induction, I rain post-intubation, 10 rain post-intubation, 1 rain 
post skin incision, and 1 min post-sterootomy. Ward heart rates 
were the average prior to premeditation obtained from the 
nursing notes. A 20 per cent change in blood pressure was 
treated with enfluraoe or phenylephrine and heart rates greater 
than 90 bpm were treated with propranolol. Data were analyzed 
with one-way ANOVA with Tukey testing for significant 
differences. Chi-square testing was used for proportions. A P 
value of <0.05 was considered significant. Partial results of an 
on-going study were analyzed for this report. Preoperative 
beta-blockade, age and intraoperative heart rate, cardiac index 
and beta-blockade use were reviewed. 

Results 
There were five patients in Group I, three in Group I(, five in 
Group II1 and four in Group IV. There were no differences in the 
mean ages or frequency of preoperative beta-blockade between 
groups. There were no significant differences in heart rates 
between groups (Table) although there was a trend (0.1 > p > 
0.05) to higher heart rates post-induction in Group 11. At 
intubation the heart rate was significantly higher than at baseline 
in Group I1. There were no differences in intraoperative 
beta-blocker use or in the cardiac indices. 

Discussion 
This study shows again that paneurooium is associated with an 
increase in heat rate which is accentuated at intubation. In a 
study examining the heart rate responses to paneuronium, Miller 
et al. showed that a dose of approximately 0.03 mg-kg  - I  of" 
paneuronium caused an increase in heart rate when given during 
halothane anaesthesia and he suggested that this cardiovascular 
effect was independent of the dose administered. In this study 
0.0l and 0.02 mg ' kg  -I of pancuronium combined with sufen- 
tanil and vecuronium did not significantly alter the heart rate, 
whereas 0.1 mg" kg -I did. In the search for a stable induction 
sequence, particularly in the non beta-blocked patient, an 
induction which produces minimal changes in heart rate and 
systolic BP is highly desirable. In this study no severe 

bradycardias were seen with sufantanil-vecuronium, although 
they have been reported. 4 The combination of sufentanil with 
vecuronium 0.08 mg .kg -I and pancuronium 0.02 mg "kg i 
produced a very stable heart rate throughout induction and 
intuhation. This combination can be recommended and warrants 
further study. 
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Saline filled cuffs help prevent polyvinylchloride laser 
induced endotracheal tube fires 
M. Softs F. Dillon 
Indiana University School o f  Medicine 

Tracheal tube fires are the commonest catastrophic event 
occurring during CO2 laser surgery on the airway. While the 
shafts of combustible tracheal tubes can be protected, the cuff 
remains vulnerable to the effects of the laser. It has been 
recommended that tracheal tube cuffs be filled with saline during 
laser surgery to prevent their combustion.I We determined i f  
laser contact with the cuff could progress to tracheal tube 
explosion and whether filling the tracheal tube cuff with saline 
would reduce these risks. 

Materials and Methods 
A LaserSonics CO2 laser in the continuous mode, was adjusted 
to a power setting of 5 W for part I and 40 W in part 2. The cuffs 
of 8.0 nun ID PVC tracheal tubes (Mallinckrodt Hi-Lo, St. 
Louis, MO) were inserted into the necks of Pyrex flasks. Five 
litms of Oz flowed into the tracheal tubes until the cuffs were 
inflated. In part 1, the times to loss of airway pressure were 
noted while in part 2, times to tracheal tube explosion, if any, 
were recorded. I f  no ignition occurred after 60s, the laser was 
discontinued. Five trials of air and saline filled cuffs were 
studied in each part. 

Results 
The Table shows the times to cuff perforation and circuit defla- 
tion of both air and saline filled cuffs. 

In pa~ 1, saline filled cuffs exposed to 5 W continuous laser 
radiation perforated as quickly as did air-filled ones, However, 
owing to the greater density and viscosity of water, leakage from 
the saline-filled cuffs was slower and allowed a longer interval 
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TABLE Times to cuff perforation and circuit deflation (s) 

Cuff n Perforation (mean • SD ) Deflation (mean +- SD ) 

Air 5 1.10 -+ 0.83 s 2.59• 1.97 s* 
Saline 5 4.21 • 3.91 s 104.6 -+ 67.5 s* 

*P = 0.029 (significant difference), paired Student's t test. 

before cuff leakage caused circuit decompression. No combus- 
tion occurred. 

In part 2, during all five trials using the air-filled cuffs, a 
tracheal tube explosion occurred in less than 1 see. The 
water-filled cuffs were efficacious at preventing laser-induced 
tracheal tube explosions in all but one trial, during which the 
tube ignited in 5.19 see. The Mann-Whitney U Test was used to 
compare the incidence of flammability in the two groups of 
tracheal tubes. It revealed a statistical significant difference at P 
< 0.05. 

Discussion 
The shafts of tracheal tubes can be protected from the CO2 laser 
by foil wrapping with the correct metallic tape. z The cuffs of 
tracheal tubes remain vulnerable to the effects of the laser beam 
which may be directed at them during laryngological surgery. I 
Cuff perforation by the CO2 laser was not inhibited by saline 
filling', however, the saline filled cuffs were slower to deflate. 
The use of saline-filled cuffs prevented tracheal tube explosion 
in most cases and is recommended. Tracheal tube cuffs should 
also be protected with wet pledgets. 
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A random double-blind comparison of Rantidine and 
Famulidine for acid aspiration prophylaxis in morbidly 
obese patients 
C.A. Monte, P.H. Manninen 
University of Western Ontario 

During induction of general anaesthesia, morbidly obese pa- 
tients are at risk of acid aspiration.L Therefore, it is common 
practice to premeditate these patients with H 2 antagonists. 
Studies comparing cimctidine and ranitidine favour ranitidine 
for paucity of side-effects and drug interactions, as well as its 
longer duration of action. 2 It has also bean shown that 
metoclopramide offers no additional protection.2 The puq~ose of 
this study was to compaxe the efficacy of ranitidine with 
famotidine, a new H2 antagonist, for prophylaxis of acid 
aspiration in morbidly obese patients. 

TABLE 

F amotidine Ranitidine 

Sex 9 fcmale/l male 9 female/I male 
Age (yr) 32 -+ 10 41 • 5* 
Weight (kg) 131 -+ 19 129 -~ 2 
Height (kg) 165 • 7 165 -+ 6 
BMI (kg. m -z) 49 -+ 7 48 • 7 
Time fasting (min) 687 • 141 747 • 106 
Time from premeditation (rain) 90 • 0 96 • 20 
Gastric pH 6.36 • 2.24 6.80 • 1,24 

Gasu'ic volume (ml) 22 -+ 30 20 • 22 
Volume >25 ml (# pts) 2 4 
pH <2.5 (# pts) 1 0 
At risk (# pts) 1 0 

* Statistically different from famotidine P < 0.05.Values are mean • SD. 

Methods 
After institutional ethics approval and informed written consent, 
20 morbidly obese patients undergoing surgery for gastric 
stapling were enrolled in this double-blind study. Subjects were 
randomly assigned to receive either famotidine 20 rag, or 
ranitidine 100 mg IV, 90 minutes prior to surgery. No other 
premeditation was given. Patients were fasting for a minimum 
of 8 hr prior to the induction of anaesthesia. The duration of 
fasting and the time elapsed between the administration of the 
study drug and the time of intnhation were recorded. Anaesthe- 
sia was induced with thiopentone and suecinylcholine, given in a 
rapid sequence fashion, lntubation was performed while cricoid 
pressure was applied. After imnhation an 18 Ft. oral gastric tube 
was inserted. To ensure complete emptying, the stomach was 
manually compressed by the surgeon. Within ten minutes after 
sample collection, volume and pH were measured using a 
calibrated syringe and Coming digital pH meter. Statistical 
assessment of the data was performed using a Student's t test and 
chi square analysis for parametric and nonparamntric data 
respectively. 

Results 
We studied 20 subjects, ten per group, who were similar with 
respect to sex, height, weight, body mass index, time fasting and 
time elapsed from test drug administration until gastric sampling 
(see Table). Despite the randomized, double-blind nature of the 
study, there waS a statistically significant difference in the 
average age of the two groups. It is unlikely that this represents a 
clinically important difference. Famofidine and ranitidine were 
similarly effective in reducing gaStric volume and pH. In one 
subject from each group no gastric sample could be aspirated and 
surgical palpation of the stomach confirmed that it was empty. 
Two patients in the famotidine group and four in the ranitidine 
group had gastric volumes >25 ml. Using standard criteria to 
identify patients at risk of acid aSpiration, which require the 
presence of both gastric volume of >25 ml and pH of <2 .5 ,  then 
only one patient remained at risk. In this patient (from the 
famotidine group) gastric volume was 100 ml and pH was 1.57. 

Discussion 
We conclude that ramtidinc and famotidine arc similarly very 
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effective in reducing gastric pH and volume. However, one 
patient did remain at risk of acid aspiration. Moreover, although 
pH is felt to be the more critical of the two factors it is still 
noteworthy that six of the 20 patients had residual gastric 
volumes of >25 ml. Finally, it is unsafe to assume that H2 
antagonists will always be successful in abolishing the risk of 
acid aspiration. In this patient population, we therefore advocate 
the continued use of rapid sequence induction, with appliealton 
of cricoid pressure, in addition to premedication with an H2 
antagonist. 
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Hazards of COs laser reflection from laser.resistant 
endotracheal tubes 
M.Sosis, F. Dillon 
Indiana University School of Medicine 

In an effort to prevent laser-induced tracheal tube fires, foil- 
wrapped rubber or polyvinylchlofide or special metallic tracheal 
tubes have been used. However, these tubes may reflect the 
laser's energy with potential risk to the patient. We have sought 
to determine the likelihood of indirect damage by CO2 laser 
radiation reflected from either a specialized metallic tracheal 
tube, or from metal foil coverings used to protect conventional, 
flammable, endotracheal tubes. 

Materials and Methods 
A LaserSonles (Santa Clara, CA) model 880 CO2 laser in the 
continuous mode was used with a Zeiss Universal $2 operating 
microscope and 400 mm objective. The laser's output was 
adjusted to 40 W and 0.68 mm spot diameter. Four tracheal 
tubes were evaluated: Rusch (W. Germany) red robber (RR) 8.0 
mm ID tracheal tubes were wrapped with aluminum (AI) 
adhesive foil tape (#425, 3M Corp., St. Paul, MN, USA) and 
with copper (Cu) adhesive foil tape (Venture Tape Co., 
Rockland, MA, USA). The other tubes studied were a Mallinck- 
rodt (St. Louis, MO) Laser-Flea steel metallic tube, and a 7.0 
nun ID polyvinylchloride (PVC) tracheal tube, covered with a 
Laser-Guard ~ (American Corp., Mystic, CT, USA) covering. 
This product consisted of an adhesive, corrugated silver (Ag) 
foil bonded to a thin, absorbent sponge layer, which was 
saturated with water. A ring stand was used to hold the 
straightened tracheal tubes vertically. They were centred within 
cardboard tubes of diameter 45 mm and length 115 mm. The 
laser was aimed to reflect from the tracheal surfaces at a 45 
degree angle onto the cardboard. All trials were conducted in 
room air. Ten trials on each tube were done. The times to a burn 
perforating the cardboard were recorded. One-way ANOVA 
was used to determine statistically significant differences be- 
tween mean times. 

Results 

Reflection from the A1 and Cu foil-wrapped tubes caused 
combustion in 1.41 - 0.54 (mean - SD) and 1.73 -+ 0.93 sec, 
respectively. The Laser-Guard Ag covering caused combustion 
after 3.70 -+ 2.18 see, a significantly longer interval than that of 
the A1 (P < 0.005) or that of the Cu (P < 0.02). The Laser-Flex 
tube caused combustion after 9.26 �9 3.4 sec, a significantly 
greater interval than the Laser-Guard covering (P < 0.003), the 
Cu (P < 1.5 x 10-5), or the AI (P < 6.2 • 10-6). 

Discussion 
The reflectivity of laser light from a smooth, conducting surface 
is a complex physical phenomenon. It has been stated m that for 
an incident beam of intensity It, the reflected intensity is Ir = l~ - 
Ia, where transmission of the beam through the conductor is 
negligible, and where la is the amount of beam absorbance in the 
conductor. Thus increased absorbance of the beam energy will 
decrease the energy reflected. Here the Laser-Guard (Ag foil) 
and Laser-Flex surfaces were apparently superior in absorbing 
beam energy. Silver has a higher thermal and electrical 
conductivity than other metals, and the steel tube of the 

Laser-Flex is thicker than the A1 or Cu foils, hence it has greater 
thermal capacity. It must be emphasized that unintended laser 
damage to tissues by reflection as shown in this experiment is 
possible when metallic endotraeheal tubes or foil surfaces are 
used to prevent direct laser-induced endotracheal tube 
combustion. 
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Environmental heat exchange measured with heat flux 
transducers 
M. English, C. Farmer, A. Scott 
McGill University 

Hypothermia, core temperature <35~ remains a common 
complication of major surgery. To investigate this problem wc 
have directly measured the heat loss from volunteers exposed in 
a measured thermal environment. 

Method 
Measurements 
Seven volunteers lay on a water recireulating thermal mattress 
(CSZ Blanketrol II) which was set to 30 ~ C and then raised to 33, 
37 and 40 ~ C. Heat Flux Transducers (HFT) (Thermonetics, San 
Diego, Calif.), a modem development of thermocouple technol- 
ogy, were used to measure heat exchange. Three HFTs were 
distributed in a triangle on the volunteer's exposed chest and 
three on the back in contact with the thermal mattress. The HFT 
output was averaged over one minute and recorded every 
minute. The measurements of the thermal environment were: air 
velocity (v) in metres, second -~ (m. s -1) - measured with a 
calibrated omnidirectional hot-wire anemometer; air tempera- 
turn Cl'a) - measured with a calibrated thermocouple shielded 
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from radiation; mean radiant temperature (Tmr) - calculated 
from the internal temperature of a 15 cm black copper globe 
(Tg), where Tmr = Tg + 2.2 V"vv(Tg -Ta) .  i Skin temperatures, 
at the centre of the HFT distribution, were measured on the chest 
(Ts), on the back (Tb) and at the mattress (Tm). Air velocity was 
varied between 0.12 • 0.005 (SD) and 1.56 -+ 0.003 m .  s-~ by a 
24" diameter fan directed along the long axis of the body. Heat 
exchange was taken as the average output of each group of 3 

HFTs. Temperatures were recorded every five minutes and air 
velocity every ten minutes. All experimental runs lasted 30 
minutes and began when temperatures were stable within -~ 
0.2~ and HFT readings within +- 10 per cent. 

Calculations 
Standard equations were used to calculate heat exchange. 2 

Heat loss, radiation 
Qr = or(Ks 4 - Kmr 4) [W/m 21 (o" = Stefan-Boltzmanrt constant; 
K = temperature in Kelvin). This equation can be simplified and 
expressed in ~ without the power function, as Qr = HKTs - 
Tmr), where Hr = first power combined radiation coefficient. 

Heat loss, convection 
Qc = Hc ~ v ( T s  - Ta) [W/m 2] (He = coefficient of forced 
convection). 

Heat exchange, conduction 
Qk = Hk(Tb - Tm) (Hk = coefficient of conductance). On the 
back, heat exchange was by conduction (Qk). On the chest, total 
heat loss (Qt) was the sum of heat loss by radiation and 
convection, Qt = Qr + Qc, Kmr and Qr were calculated, so Qc 
= Qt - Qr. Hr was calculated as Qr/(Ts - Tmr); Hc as the slope 
of Qc/(Ts - Ta) versus V~v; Hk as the slope of Qk versus (Tb - 
Tm). Hrc, the combined coefficient of heat loss by radiation and 
convection, when v < 0.2 m/s, was calculated as Qt/(Ts - Ta). 

Results 
Hc = 8.65 -- 0.25 "V~v W.m-2 .~  n = 30, r = 0.988. The 
regression line was forced through the origin. Hr = 6.2 : 0.18 
W .m -2 . ~  = 110. Hk=40.98 +- 1.86W.m-2.~  n = 38,r  
= 0.965, when (Tb - Tm) = +2.7 to - 1 . 4~  The regression 
line was forced through the origin. Hrc = 9.87 -+ 1.5 
W'm-2 .*C,  n = 14. 

Discussion 
The values quoted in the literature for the coefficients Hc, Hr and 
Hre are: Hc = 8.3 ~vv; Hr = 6.7; Hrc = 10.2.1-3 The close 
agreement between these values and ours suggests that our 
methods of measurement and analysis are accurate and reliable. 
No values of Hk for the thermal mattress have been published 
previously. 

The clinical significance of our results can be illustrated in 
two ways. (1) Metabolic heat production under general anaes- 
thesia is approximately 40 W- m -2. Since l-lre is I 0 W.  m-2. ~ C, 
a temperature gradient between the patient, or his outer 
coverings, and the environment of more than 4~ will cause 
more heat to be lost than is produced - so that hypothermia is 
inevitable. The usual OR temperature gradient is at least 10* C. 
(This imbalance between heat production and loss can be 

prevented by providing adequate insulation [2 clo].) (2) The 
thermal mattress which we tested supplied 41 W.  m-2. ~ C. Used 
with attention to the covered body surface area and temperature 
gradient, this particular model is capable of effectively doubling 
the patient's heat production. 

The direct measurement of heat exchange with heat flux 
transducers, when applied to patients undergoing surgery, will 
allow a better appreciation of the mechanisms and magnitude of 
the heat loss which produces hypothermia. 
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A national survey of tertiary hospital preanaesthetic 
clinics 
I.W.C. White, D. Biehl, N. Donen, J. Mansfield 
University of Manitoba 

The trend toward day surgery programs in Canada has been 
developing widely in recent years. The causes are multifaetorial 
but include the fiscal restrictions applied in most provinces. 
Delivery of anaesthetic services to high-risk patients is now part 
of this trend. Thus, appropriate standards of cane require 
preanaesthetic clinics (PAC's) to screen such patients and 
prepare them for anaesthesia and surgery. To help us develop 
such a program we conducted a cross-country survey of day 
surgery PAC's. The results of our findings are reported here. 

Methods 
A Sixteen Question Survey was circulated to Departments of 
Anaesthesia across Canada. All the hospitals surveyed national- 
ly were tertiary care teaching hospitals with an average of 700 
beds. 

Basic demographic data regarding the hospital and the 
number of patients anaesthetized in 1982 and 1987 as in-patients 
or day surgical patients were requested. Information on PAC's 
and their administration was sought. Finally respondents were 
asked to predict the future development of day surgery and 
PAC's at their institutions. 

Results 
Replies were received from 10 of the 12 centres surveyed (83%). 
Of the hospitals surveyed four (40 per cent) currently have 
PAC's that operate on a regular basis. All these clinics are 
currently funded through fee-for-service income. In three 
centres, there are daily clinics; in all but one anaesthetists see 
consultations referred by physicians. Only one (McMaster) 
routinely reviews all day surgery patients and sees patients in 
consultation. A nurse practitioner reviews patients' charts and 
refers high-risk patients to an anaesthetist attending in the clinic. 

The mean number of operative procedures in nine of the 
reviewed hospitals rose from 12,600 in 1982 to 15,400 in 1987 
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(mean 18 per cent). In 1982 day surgery patients constituted 15 
per cent of this meaned total (Range 0-30 per een0 compared 
with 26 per cent (Range 1-50 per cent) in 1987. Those 
anaesthesia departments surveyed predicted a rise in the day 
surgery load to 46 per cent (Range 30-50 per cent) by 1990. 

While only four of the hospitals currently have PAC's, four 
others are planning to develop clinics for the assessment of 
patients for day surgery. These latter four clinics are proposed as 
screening clinics run by nurse practitioners with problem 
patients referred to an anaesthetist (similar to the practice in 
McMaster). 

Discussion 
All institutions have seen an increase in their operative case load 
over the past six years. They see this continuing into the near 
future. However, all are experiencing a restriction in the 
availability of acute care beds. As a result more and more 
patients previously operated upon as in-patients are undergoing 
day surgical or same-day admission procedures. The figures in 
this study are similar to those in the USA where 18 per cent 
(1985) of surgery was outpatient and predicted to rise to 50-60 
per cent. i In addition savings can he realized through lower rates 
of preoperative testing and the elimination of overnight stays. 2 

The respondents were uniform in their predictions regarding 
this changing pattern of practice; that current methods of 
processing patients for day surgery are deficient; and that new 
methods and standards need to be developed. McMaster 
Medical Centre has developed one model. Nine respondents 
state that they ate in the process of developing a similar system 
for assessing patients prior to undergoing day surgical 
procedures. 
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81.5 per cent. A small number were subsequently excluded 
because they no longer practise anaesthesia or have retired, 
leaving an overall response rate of 73.3 per cent or 476 usable 
returns. Physicians were sent the questionnaire in the spring of 
1988 followed by a reminder card and two subsequent mailings. 
The questionnaire consisted of 21 items developed in consulta- 
tion with four anaesthetists asking the respondents' opinions on 
various aspects of how liability and other factors were affecting 
their practice in recent years. 

The respondents 
Of the respondents, 15.3 per cent were from the eastern region; 
from Quebec, 23.3 per cent; 30.7 per cent from Ontario; and 
31.7 per cent from the west. School of graduation, duration in 
medical practice, solo versus group practice and length of 
post-graduate training were all documented. 

Awareness of Liability Issues: the newsletter from the Cana- 
dian Medical Protective Association was the most frequently 
cited source of information with regard to liability issues, 92.9 
per cent, and by far the most influential, 39.1 per cent. Only 
18.7 per cent of anaesthetists had any personal involvement with 
liability, though this involvement was more frequent in the east, 
and increased with duration in practice. 

Practice pattern 
Most anaesthetists, 91.7 per cent, reported no change in the 
portion of their practice in general anaesthesia, but did show a 
decrease or exclusion from their practice of obstetrical anaesthe- 
sia or the administration of anaesthetics to children under two 
years of age. The most frequently chosen reason for this change 
was liability concerns (42 per cent). Physicians reported that 
they had made changes in their practice pattern within a specific 
type of anaesthetic practice during the past five years. About 41 
per cent had changed their general pattern, 75 per cent of the 
respondents had made at least one change to their practice, 
including 65 per cent who had made specifie drug changes. The 
reasons most commonly given for these changes were concerns 
about litigation and Guidelines of Practice of Anaesthesia as 
recommended by the Canadian Anaesthetists' Society. 

The effect of liability on the provision of anaesthetic care 
M. Cohen, J.G. Wade, C. Woodward 
University of Manitoba 

As part of the federal-provincial-territorial review on liability 
and compensation issues in health care, a survey of anaesthetists 
was undertaken to determine the effect of liability concerns on 
the practice of anaesthesia in Canada. A sample was drawn from 
a list generated in the 1986 Canadian Medical Association 
Manpower Study and included those practitioners who were 
engaged in full-time practice and spent time in direct patient 
care. Due tu the small number of anaesthetists in some areas of 
Canada, the respondents were sampled in four regions: east, 
Quebec, Ontario, and west. The final stratified sample consisted 
of 649 physicians which was 41 per cent of the CMA list (n = 
1558 for physicians claiming anaesthesia as part of their 
practice). The response rate to the mailed questionnaire was 

Style of practice 
A series of questions dealt with changes in style of practice, 
including use of monitoring, laboratory tests and documenta- 
tion. Of the respondents, 93.8 per cent indicated they had 
increased the monitoring of patients during the last five years. 
Thirty per cent reported ordering more laboratory tests, x-rays 
and other investigations. Seventy-five per cent of respondents 
answered yes to the question "Have you increased documenta- 
tion of what you have done or discussed on patient records 
during the past five years?" The most common reasons given for 
increased monitoring were the availability of monitors, but 
again, concerns about litigation, complexity of medicine, 
professional standards - were all factors. Spending more time 
with patients discussing the risks and benefits of treatment was 
reported by 63 per cent of respondents. Minor reasons cited for 
this were patient demand and suggestions from Continuing 
Medical Education. The most compelling concern was litigation. 
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Medical-legal concerns 
We asked a series of questions in an attempt to assess the @ 
attitudes of anaesthetists with regard to medical-legal concerns. 
We scored the results on a I to 5 scale (strongly agree to strongly 
disagree). The means of these scores were then listed and 
tabulated. Results were also analysed by years in practice. 
Overall, physicians tended to agree that the physician-patient 
relationship has suffered in recent years. They felt that patients 
were more likely to sue their doctors than they were five years 
ago. They thought that patients did not understand the risks ( ~  
involved with procedures even when they were fairly explained, 
and that they had unrealistic expectations about modem medi- 
cine. There was also a trend towards a dissatisfaction with the 
practice of anaesthesia, especially in those with longer durations 
of practice, who felt that anaesthetic practice was more stressful 
and less satisfying in recent years. 

Summary 
Liability issues have had a profound effect on the practice of 
anaesthesia in the past five years. Liability concerns were rated 
as the first or second reason for making major changes in 
anaesthetic practice with perceived hassles of liability even more 
disconcerting than the increased cost of malpractice insurance. 
In general, Canadian anaesthetists arc greatly concerned with 
medical legal issues, have changed their anaesthetic practice and 
moved away from areas of concern (obstetrical anaesthesia and 
neonatal anaesthesia) are monitoring their patients more closely, 
have changed thek drug practices, are ordering more laboratory 
tests and are providing better documentation then they did five 
years ago. The attitudes of the Canadian anaesthetists have 
changed. Most report more hassles, reduced satisfaction and 
reduced satisfaction with their practice especially those with a 
longer duration of practice. The most common theme in practice 
change is the increased threat and hassle of medical-legal 
liability. 

There can be no doubt that anaesthesia practice has improved 
in Canada, hut how much of this improvement is because of 
medical-legal concerns, and how much has been due to the 
maturity and increased excellence of a vigorous specialty is not 
answered by the survey. 

Effects of chlorpromazine on I Ca 2+ [ t in skeletal muscle 
J.R. Lopez, L. Parra 
CBB - lnstimto Venezolano de lnvestigaciones C&ntificas 

The neuroleptic malignant syndrome (NMS) is an uncommon, 
life-threatening disorder associated with the use of neuroleptic 
agents. Among the neuroleptie agents most often used are 
haloperidol and chlorpromaziue. We have studied the effects of 
chlorpromazine on intracellular free calcium concentrations 
([Ca 2+ ] i) by means of calcium selective microclectrodes in frog 
muscle fibres. Lumbricalis muscle bundles isolated from Lep- 
todactylas insularis were used experimentally. The muscle 
fibres were mounted horizontally on an experimental chamber 
between a glass arm attached to a force transducer (Cambridge 
200) and a stainless steel hook fixed to the bottom of the 
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FIGURE A and B: Time course of the muscle contractare induced 

by haloperidol under different experimental conditions. Effects of dan- 
trelene. C: Inhibitory effects of dantrolene on the muscle contrac- 
tare induced by halopcridol. 

chamber. Calcium microeleetrodes were prepared and calibrat- 
ed as described previously (L6pez eral. Biophys J 1983; 43: 1. 
The experiments were carried out at room temperature. At low 
chloapromazine concentration (10 -s - 10 -6 M), it induced an 
increment in the [Ca2+]i, which was related to drug concentration 
present in the bath. From a resting value of 0.10 +- 0.01 p,M (n = 
38), [Ca2+]i was increased to 0.37 • 0.02 p,M (n = 10) to 0.60 
• 0.02 (n = 18), and 0.76 • 0.04 (n = 16) in the presence of 
chlorpromazine 10 -s, 10 -7 , and 10 -6 M respectively. At higher 
concentrations, it produced a slow and irreversible eontracture 
which was associated to the increment in [Ca2+]i . The [Ca2+]i in 
the presence of 10 -s and 10 -4 M chlorpromazine was 7.26 -+ 
0.55 IxM (n = 8) and 8.68 --- 0.33 I~M (n = 10) respectively. 
The addition of dantroleoc (10 -s M) blocked the increment of 
[Ca2+]i associated to the chlorpromazine effect, as well as the 
muscle contracture. In this study we have found that chlorprom- 
aziae induced an increase in [Ca2+]i in amphibian muscle fibres, 
which was dosedependent (10 -s - 10 -6 M). At higher concen- 
trations (10 -5 - 10 -4 M) the increment in [Ca2+]i was 
associated to a slow and irreversible contracture. Dantrolcue 
was able to block the increment [Ca2+]i in and the muscle 
contracture observed in the presence of chlorpromazine. The 
dantroleue effects might be mediated by its inhibitory action on 
calcium release. We have reported that high concentrations of 
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chlorpromazine inhibit the Ca 2+ pump of sareoplasmic reticu- 
lure vesicles (L6pez et al. Acta Ciem Veaez 1988; 43:210. This 
effect may explain in part the increment in [Ca2+]i observed in 
the presence of chorpromazine. 

Supported by Grants from CONICIT of Venezuela (S 1-1277) 
and the Muscular Dystrophy Association. 
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Clinical evaluation of the relationship of train-of.four 
stimulation and double burst stimulation 
S.S. Gill, F. Donati, D.R. Bevan 
McGill University 

When using non-depolarizing neuromuscular blockers, it is 
often difficult to identify fade manually when train-of-four 
(TOF) ratio (i.e., the ratio of the fourth twitch height to the first 
twitch height) is greater than 0 .4 )  Recently, double-burst 
stimulation (DBS) (two short tetanic stimulations that are seen 
and felt as two muscular contractions), has been suggested as 
more suitable to identify fade manual .2 This study was designed 
to evaluate the relationship between TOF and DBS and to 
determine the interval required for the neuromuscular junction to 
recover after DBS stimulation. 

Methods 
We studied eleven adults ASA physical status I or lI undergoing 
elective surgery. Anaesthesia was induced with thiopentone 3-5 
m g ' k g  -t and maintained with nitrous oxide 70 per cent and 
isoflurane (up to one per cent end-tidal) in oxygen. The ulnar 
nerve was stimulated and the adductor pollicis response mea- 
sured using a force displacement transducer. Atracurium 0.5 
nag" kg- I was used for neuromuscular blockade. The TOF (2 Hz 
for 2 sec) stimulation was applied at 12 intervals and interrupted 
every 2 rain to allow DBS stimulation (two 50 Hz, 60 ms trains 
each separated by 750 ms). Reapplication of TOF took place 6, 
12, 18, 24 or 30 sec after DBS, by random allocation. 

Results 
The control DBS tension ( -SEM)  was 2.7 - 0.14 times as high 
as the TOF control. The time from injection of atracufium to 
reappearance of the first discernible response was 38.4 (-+ 1.7) 
rain for TOF and 36.2 - 2. l rain for DBS (P = 0.01). The time 
to reappearance of the fourth twitch in TOF was 51.2 + 2.0 min, 
which was slightly longer than the second DBS response (DBS2) 
(48.6 -+ 2.3 rain) (P = 0.006), The height of DBS, relative to 
control was depressed to a slightly greater extent than Tdcontrol 
(Figure 1 ). The relationship of the DB S ratio (DBS2/DBSI) and 
the TOF ratio was close to the line of identity (Figure 2). The 
response to TOF stimulation applied after DBS was depressed if 
the interval was 6 sec, but not i f  it was 12-30 sec. 

Contusions 
This study showed that: (1) the depression of the first DBS 
response usually exceeds that of TI; (2) DBS ratio parallels TOF 
ratio; (3) at least 12 sec must elapse after DBS for the 
neuromuscular junction to recover to its pre-DBS state; and (4) 

FIGURE 1 The relationships of DBSt, and T, (• The shaded 
zone shows the 95 per cent confidence limits. 

FIGURE 2 The relationship of DBS ratio and TOF ratio. The shaded 
zone shows the 95 per cent confidence limits. 

the response to DBS is stronger than that of TOF stimulation. 
Although statistically significant, the slightly earlier appearance 
of DBSI and DBS~ comparexl with T1 and T4 respectively is of 
no clinical importance. 
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Pharmacokinefies and pharmacedynamies  of atracurium 
in morbidly obese subjects 
J. Ducharme, F. Donati, F. Varin, S.S. Gill, D.R. Bevan 
McGill University 

Body composition is altered in morbidly obese individuals and 
this may alter the pharmacokinetics of drugs. However, plasma 

levels of neuromuscular relaxants (pharmacoklnetics) and the 
relationship between concentration and neuromuscular block 
(pharmacedynamics) have not been obtained in obese patients. 
The purpose of this study was to determine the pharmacoldnetics 
and pharmacedynamics of atracurium in morbidly obese 
patients. 

Methods 
The protocol was approved by the Hospital Ethics Committee. 
Nine morbidly obese patients scheduled for gastroplasty (weight 
>45 kg above ideal) and nine subjects with normal body habitus 
(weight within 20 per cent of ideal) were included in the study 
after informed consent was obtained. Anaesthesia was induced 
with thiopentonc, 3 -5  mg "kg -t ,  fentanyl 2--5 p~g "kg- ' ,  and 
succinylcholine, 1 mg- kg-  I, and maintained with nitrous oxide, 
60 per cent, and isoflurane 0.5 per cent end-tidal in oxygen. 
Train-of-four stimulation was applied to the ulnar nerve and the 
force of contraction of the adductor pollicis muscle measured. 
After recovery from succinylcholine blockade, atracurium, 0.2 
rag ' kg  -I ,  was given. Plasma samples were drawn at 0, 0.5, 1, 
1.5, 2, 3, 5, 7, 10, 15, 20, 30, 45, 60, 90 and 120 minutes, and 
analyzed for plasma atracurium levels by a HPLC assay. A 
non-compartmental analysis was performed. Results are pre- 
sented as means .4- SEM. Comparisons were made using the 
Student's t test and a P value less than 0.05 was considered to 
indicate a statistically significant difference. 

Results 
Mean weight was 129 "+ 11 kg in the obese group and 60 -+ 3 kg 
in controls. The plasma concentrations in obese individuals were 
greater at all times than in controls. Mean residence time (MRT) 
was not significantly different between the groups, but both 
volume of distribution at steady state (VdSS) and clearance were 
less in the obese subjects (Table I). Although onset of neuromus- 
cular blockade was faster, its duration was not significantly 

TABLE l Phm-macokinelic characteristics (mean -+ SEM) 

V d S S  Clearance MRT 
(ml.kg -I) (ml.kg -~ .rain -I) (min) 

Obese 101 • 6 4.92 -+ 0.24 20.5 • 0.8 
Control 190 - 26 9.09 • 0.84 20.4 -+ 0.8 

P < 0.0l P < 0.00l NS 

TABLE ]I Pharmacodynamic characteristics (mean • SEM) 

Time of 50% block Time to 50% recovery Cp50 
(rain) (rain) (nglml) 

Obese 1.04 _+ 0.12 33.6 -+ 2.8 262 -+ 22 
Control 1.75 -+ 0.25 31.8 -+ 3.0 172 + 22 

P < 0.02 NS P < 0.01 

longer in obese individuals (Table H). Plasma concentrations 
corresponding to 50 per cent recovery (CpS0) were 52 per cent 
greater in obese patients (Table H). 

Discussion 
Neuromuscular relaxants such as atracurium are ionized com- 
pounds whose volume of distribution approximates extracellular 
fluid volume (ECF). The smaller ECF volume per kg body 
weight in obese patients probably accounts for their smaller 
volume of distribution. However, obese individuals require a 
larger concentration of atracurium for the same neuromuscular 
blockade than lean individuals. This effect tends to counteract 
the alterations produced by changes in volume of distribution. 
As a result, obese individuals require comparable doses of 
atxacurium, on a mg ' kg  -I basis, as subjects with normal body 
weight. 

Tactile evaluation of the response to train-of-four and 
double burst stimulation 
S.S. Gill, F. Doaati, D.R. Bevan 
McGill University 

During recovery from neuromuscular blockade, it is often diffi- 
cult to identify fade manually.I Recent studies have indicated 
that it was easier to feel fade in response to double a burst 
stimulation (DBS) (two 50 Hz, 60 ms trains separated by 750 
ms) than to train-of-four (TOF) stimulation. 2'3 This study was 
designed to compare the tactile evaluation of fade in response to 
DBS and TOF stimulation. 

Methods 
We studied 11 ASA physical status I and H adults undergoing 
elective surgery. Anaesthesia was induced with thiopentone 3 - 5  
m g ' k g  -I and maintained with nitrous oxide 70 per cent and 
isoflurane (up to one per cent end-tidal) in oxygen. The ulnar 
nerve of both arms was stimulated and the adductor pollicis 
response to TOF stimulation (2 Hz for 2 sec at 12 sec intervals) 
on one ann was measured using a force displacement transducer. 
On the other arm the presence or absence of fade in response to 
DBS and TOP stimulation was evaluated manually by 15 
anaesthetists who use nerve stimulators regularly. The recorded 
TOF ratios were kept unknown to the observers. Atracurium 
0.3-0.5 nag "kg -~ was used for neuromuscular blockade. The 
chi squared test was applied for statistical comparison. P < 0.05 
was considered significant. 

Results 
There were nine females and two males. The mean age +- SD 
was 49.5 - 13.9 years and mean weight was 65.4 -+ 12.7 kg. 
The DBS and TOF responses were evaluated 122 times in these 
11 patients. The presence of fade was missed frequently with 
manual evaluation of TOF, but the detection rate was increased 
significantly by DBS (Table). For TOF ratio less than 70 per 
cent, the presence of fade remained undetected in 71 per cent of 
instances with TOF and only 26 per cent with DBS. 
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TABLE 

Measured Detection rate Defection rate 
TOF with TOF with DBS P 

0.11-0.20 5/5 100% 5/5 100% NS 
0.21-0.30 7/14 50% 13/14 93% 0.02 
0.31-0.40 4/17 24% 12/17 71% 0.01 
0.41-0.50 5/14 36% 12/14 86% 0.0l 
0.51-0.60 3/23 13% 16/23 70% 0.1301 
0.61-0.70 2118 11% 9/18 50% 0.if2 
0.71-0.80 0/13 0 7/13 54% 0.005 
0.81-0.90 0/10 0 3/10 30% NS 

Conclusion 
This study showed that: (1) the tactile evaluation of TOF ratio 
was associated with a high percentage of failure in identifying 
TOF fade; (2) there was a significant improvement in the 
detection of fade with DBS between TOF ratios of 0.21-0.80. It 
appears that DBS provides a more reliable manual identification 
of residual curarization than does TOF. 
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Effects of EU-4093 on calcium transport by sarcoplasmic 
reticulum 
A. Gerardi, A. Mijares, J.R. Lopez 
lnstituto Venezolano de Investigaciones Cientificas 

Malignant hyperthermia (MH) is a genetic disorder involving 
abnormal intracellular calcium movement in skeletal muscle 
cells in response to certain anaesthetic drugs such as halothane 
and/or depolarizing muscle relaxants, type succinylcholine. 
EU-4093 is a direct muscle relaxant which has been successfully 
used to prevent and treat this syndrome. The purposes of this 
study were: (1) to determine the effects of EU-4093 on calcium 
uptake by the sarcoplasmic reticulum in vesicles isolated from 
control and MH susceptible swine and (2) to determine the 
effects of this muscle relaxant on the CaZ+-Mg z+ ATPase 
activity. The experiments were carried out in 6 MH susceptible 
crossbred swine (Poland China - Pietrain) and four nonsuscepti- 
ble Yorkshire swine. Susceptibility to MH was conf'trmed by 
challenge with halothane (two per cem). Six weeks after the 
anaesthesia challenge, the nonsusceptible and MH susceptible 

FIGURE Effects of EU.4093 on calcium uptake by sarcoplasmic 
reticulum vesicles isolated from MH-susceptible (Q) and non- 
su~eptible swine (O). 

swine were anaesthetized with intravenous thiopentone, tra- 
cheas intubated and lungs ventilated with oxygen, and then the 
back muscles were quickly excised and placed in ice for further 
procedures. The sarcoplasrnic retieulum fraction was immedi- 
ately prepared following the method described by Martonosi and 
Feretos (J Biol Chem 1964; 239: 648). At the end of the isolation 
procedure, aliquots of 100 ~1 of the preparation were resus- 
pended in 0.3 M sucrose and stored at - 7 0 '  C at a final protein 
concentration of about 5 mg" kg -~. 4SCa uptake by the saroo- 
plasmic reticulum vesicles was measured in the absence and in 
the presence of EU-4093 following the experimental protocol 
used by Meissner and Fleiseher (Biochim Biophys Aeta 1971; 
241: 356. (Ca ~§ - Mg 2+) ATPase activity was measured in the 
presence and absence of EU-4093 1 mM. The calcium uptake 
was 0.257 - 0.02 (p.moles Ca 2 - '  mg -I prot. min) in control 
muscle swine and 0.227 -+ 0.01 (Ixmoles Ca 2+' mg- ~ prot. min) 
in MH susceptible muscle. No difference was observed between 
these two groups of swine. The incubation of SR vesicles for five 
minutes previous to addition of ATP in EU-4093 up to 10 -s M 
did not modify the capacity of calcium uptake by SR vesicles 
measured at two, five and ten minutes in control and MH 
susceptible muscles. At concentrations higher than 10 -s M, the 
effect of EU-4093 was more marked in the SR vesicles isolated 
from MH ~ susceptible swine than in nonsusceptible swine. 
EU-4093 increases the activity of the (Ca 2+ - Mg 2") ATPase in 
both groups of SR vesicles (Figure). The effect was more 
evident in MH susceptible SR vesicles than in those isolated 
from nonsusceptible swine. These results suggest that the 
prophylactic and therapeutic effects of EU-4093 in MH suscepti- 
ble swine might be mediated by two different mechanisms 
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depending on the dose used: (1) an inhibition of calcium release 
from the SR (Sfinchez et aL Biophys J 1988; 48: 286a, and/or (2) 
an increase in the rate and capacity of the SR to transport 
calcium. 

Supported by Grants from CONICIT of Venezuela (S 1 - 1277) 
and the Muscular Dystrophy Association (MDA). 

Benzodiazeplne induced inhibition of calcium uptake into 
astrocytes 
W.E. Code, L. Hertz 
University of  Saskatchewan 

TABLE Ca 2+ uptake into primary cultu~s of astrecytes 

Control High K + Midazolam (mid) Mid + high K + 

15.59 -- 0.50 19.36 : 1.44 15.67 -+ 1.29 15,00 + 1.86 
(18) (15) (7) (5) 

sedative and anaesthetic activity of this benzodiazepine and 
further work is presently underway to determine the dose- 
response curve. 

It can be seen that elevated K + stimulated Ca 2+ uptake by 
about 95 per cent. Thus midazolam seems to act as an antagonist 
of voltage dependent calcium L-channels. It will be exciting to 
look at the effect of other anaesthetics, 

Recent research has demonstrated several "mechanisms" of 
anaesthesia. Despite our long-term enthusiasm with the Meyer- 
Overton hypothesis on the role of lipid solubility, increasing 
data suggest that membrane proteins, which probably include 
ion carriers or channels, are affected by anaesthetics. Two 
cations of major importance for neuronal excitability are 
potassium (K +) and calcium (Ca2+). It has become evident that 
the concentrations of these two ions in the interstitial fluid of the 
brain are regulated by an interaction between neurons and 
astroeytes. Thus, excited neurons release potassium, and potas- 
sium ions are to a large extent either re-accumulated into 
astrocytes or redistributed via a syncytium of astrocytes with a 
high potassium permeability (the spatial buffer). At the same 
time the extracellular calcium concentration decreases, probably 
through cellular uptake. The calcium ion is of primary impor- 
tance for regulation and function of intracellular messengers, of 
ion channels and of cell viability. Elevations of the extracellular 
potassium concentration, corresponding to those occurring as a 
result of normal neuronal excitation and/or seizure activity, 
cause an increase in uptake of calcium ions into astrocytes. This 
probably contributes to the decline in extracellular calcium. The 
finding that dihydropyridine nimodipine at low concentations 
(ICso 2.5 riM) abolishes K+-induced stimulation of calcium 
uptake in primary cultures of astrocytes j indicates that the 
uptake occurs through the voltage-sensitive, dihydropyridine- 
inhibited L-channel. In contrast the drug had very little effect on 
calcium uptake in the absence of excess K +. 

Since indirect evidence demonstrates that benzodiazepines 
interact with the L-channel in astrocytes 2 we have now tested the 
ability of the water-soluble banzodiazepiee, midazolam, on K + 
induced uptake of calcium into primary cultures of mouse 
astrocytes. The cultures were grown for at least four weeks in 
MEM tissue culture medium which, from the age of two weeks, 
contained 0.25 mM dibutyryl cyclic AMP. 45Ca influx into the 
cells was studied by exposing the cells to this isotype at time 0, 
with the addition of either additional medium or a concentrated 
KCI solution (to a final concentration 0f55 raM) after exactly 30 
seconds and termination of the uptake after 60 seconds. Uptake 
rates - SEM (standard error of the mean) and the number of 
experiments (parentheses) are shown in Table. 

Midazolam (Mid) at a concentration of I0 p.M abolished K § 
stimulated Ca 2+ uptake but bad little effect in the absence of 
excess K +. This mechanism may play a major role in the 
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Mental recovery after general anaesthesia or spinal 
anaesthesia with intravenous sedation 
F. Chung, A. Chung, H.M.R. Meier, E. Lautensehlaegcr, 
C. Seyone 
University of  Toronto 

A significant mental impairment of cognitive function occurred 
perioperatively following general anaesthesia (GA) compared 
with spinal anaesthesia (SA),t but the majority of the patients in 
the SA group received no intraoperative sedation. The purpose 
of this study was to compare mental recovery in the elderly after 
GA or SA with supplemental intravenous sedation. 

Methods 
The protocol was approved by the Human Ethics Committee, 
and informed consent was obtained. Forty-four patients, age 60 
and over, scheduled for transurethral resection of prostate were 
randomized either to GA or SA. No premeditation was given. 
GA was induced with a sleep dose of thiopentone 2-5  rag- kg- t 
and fentanyl l - 2 p ,  g .kg  -t .  Pre-curarization by 3 mg d- 
tubocurarine was followed by muscle relaxation, with 
1.5 nag' kg-l suxamethonium. The trachea was intubated. An- 
ansthesia was maintained with nitrous oxide, oxygen, vecuron- 
ium, funtanyl, and isoflurane. SA was done at L3-4,  L4-5 
interspace with a 22- or 25-gange spinal needle. Tetracaine or 
xylocaine was used. Supplemental intravenous sedation, diaze- 
pam, droperidol or fentanyl was given as needed to ensure a 
relaxed patient. Psychological assessment included preoperative 
cognitive screening by Mini-Mental State test (MMS) and 
standardized geriatric mental status examination. MMS exami- 
nation was administered pre-op, six hours (h) after surgery and 
on one, three, five days and one month post-op. Statistical 
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Discussion 
Significant mental impairment occurred at 6 hr post-op in the 
GA group, and SA group. This is in contrast to the previous 
study that mental recovery was better perioperatively with SA as 
compared to GA. This difference in results could be accounted 
for by supplemental intraoperative sedation in the SA group in 
this study with an adverse effect on perioperative cognitive 
function. 

R e f e r e n c e  

l Chung F, Meier R, Lautenschlaeger E, Carmichaet F J, Chung 
A. General or spinal anesthesia: which is better in the elderly. 
Anesthesiology 1987; 67: 422-7. Supported in part by a grant from 
the Physician's Services Incorporated Foundation. Canada. 

FIGURE Mean change in mental function score in patients having 
GA ( - - )  versus spinal anaesthesia (---). 

significance between the two groups was analyzed by the 
two-sided Student's t test, and analysis of variance, or the 
Chi-squaro test. Change in MMS score in the GA or SA group in 

the post-op period was analyzed by repeated measures analysis 
of variance, with contrast at each specific interval. 

Results 
There was no statistically significant difference between the GA 
group and the SA group with respect to age, ASA status and 
duration of surgery. There was no significant intergroup 
difference in the MMS score between the GA and SA group 
pre-op, 6 hr, 1, 3, 5 and 30 days post-op. MMS scores decreased 
significantly in the overall postoperative period in both the GA 
(P < 0.02) and in the SA group (P < 0.03) (MANOVA). In the 
GA group, the significant decrease in MMS score occurred at 
6 hr postoperatively (P < 0.002), whereas in the SA group, 
MMS score decreased significantly at 6 hr (P < 0.005) (Figure). 
The amount of general anaesthesia required is shown in the 
Table. In the SA group with sedation, ten patients required IV 
fentanyl, three received IV diazepam, seven received a com- 
bination of IV fentanyl and diazepam, and two, both IV fentanyl 
and droperidol. 

Dissociation of sensory block distribution in the 
s u p r a p o p l i t e a l  a p p r o a c h  f o r  sciatic nerve block 
M.R. Wassef 
Mount Sinai School of Medicine, N.g. 

Sciatic nerve gives rise to five cutaneous nerves. They exist at 
various depths in the substance of its two components, namely 
tibial (T) and common peroneal (CP) nerves. This work was 
undertaken to study the onset of block at each cutaneous nerve 
distribution after needle encountering either T or CP nerves. 

Technique 
Patient was placed in the prone or lateral decubitus position. The 
needle was introduced at the apex of the popliteal fossa, which 
was identified by asking patient to flex the knee against 
resistance to tense muscles which formed the triangular bounda- 
ry of the fossa. This point was 8-15 em above knee crease. The 
needle was directed 30-45 upwards and slightly laterally. 

Method 
30 ASA physical status l - I I  patients for ankle and foot surgery 
given mepivaealne 1.5 per cent as 6.0rag .kg -t.  A peripheral 
nerve stimulator was used to elicit motor response from either T 
or CP nerves. Needle prick test was used to verify time to onset 
of sensory block at distribution of sural S, plantar P, lateral 
cutaneous IC, superficial pemneal SP, and deep peroneai DP 
nerves. 

TABLE lmrsoperative Data (mean -+ SEI 

General anaesthesia Spinal anaesthesia 

Thiopen~ne 264.2 ~: 11.7 mg 
Succinylcholine 109.1 -- 3,8 mg 
Fentanyl 97.2 • 5,5 mcg 

Tetracaine 10.S -+ 0.3 mg n = 4 
Xylocaine 73.6 • 3.2 mg n = 18 

Intraoperativr sedation 
Fenlanyl 50.0 • 7.4 meg n = 10 
Vallum 5.8 + 2.2mg n=3 
Fentany] 46.4 2:3.6 meg: 
Valium 3.0 - 0.3 mg n = 7 
Fentanyl 50,0 -+ 0 meg; 
Dropcfidol 1.5 • 1.0 mg n = 2 

Results 
The Table shows time (rain) to onset of sensory block following 
successful needle first encounter with tibial or common peroneal 
nerves. Results are expressed as mean +- SEM. Student's t test 
was used for significance of difference. 

Discussion 
Time onset of block at cutaneous nerve distribution was 
significantly different with respect to branches of tibial nerve 
component of sciatic nerve. It was shorter when needle first 
encountered tibial nerve. No significant difference was found in 
time of onset of block of common peroneal nerve distribution 
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TABLE 

Tibial Common peroneal 

First encounter S P LC SP DP 

Tibial nerve 
N (12) X 3.29* 5.86* 4.14 5.57 8.14 

SEM 0.19 1.00 0.14 0.30 0.26 

Common peroneal nerve 
N (16) X 5.38* 8.50* 3.75 5.38 7.88 

SEM 0.26 0.19 0.16 0.50 0.55 

*P = 0.02 

irrespective of needle encountering either components of sciatic 
nerve. The shorter onset of S and P nerves is due to needle 
proximity in the tibial nerve encounter. As common peroneal 
nerve is smaller in size than tibial nerve, it is conceivable that its 
encounter occurs at its lateral side allowing longer time for local 
anaesthetic to bathe tibial nerve. 

Conclusion 
Dissociation of time onset of sensory block occurs with 
prolongation when common peroneal nerve is encountered. 

Patient reaction to conscious tracheal intubation 
F.H. Devitt 
University of  Toronto 

Tracheal intubation in the conscious patient is avoided by many 
anaesthetists prior to the induction of general anaesthesia 
because it is felt to be too unpleasant for the patient, l Yet there 
are a number of clinical situations in which awake intubation is 
the safest option. 2 Patient reaction to awake intubatiou has not 
yet been reported. 

Methods 
All patients undergoing awake intubation by any mute over a six- 
month period were identified and interviewed postoperatively 
by an individual unaware of the techniques and methods of 
tracheal intubation. Patients were required to consent to the 
interview and the study had the approval of the Ethics Commit- 
tee. Interviewed patients were asked if they remembered the 
intubation. I f  the answer was affirmative, they were also asked if 
the procedure was painful. The anaesthetic records of these 
patients were retrospectively reviewed for urgency of the 
procedure and intubation technique by an individual blinded to 
the interview results. Patients were divided into two groups, 
elective or emergency as graded by each patient's anaesthetist at 
the time of surgery. The frequency of recall of intubation was 
calculated for each group. The effect of oral iatubation tech- 
nique, such as direct laryngoscopy or fibreoptic bronchoscopy, 
was also assessed with respect to the frequency of recall. Data 
was placed in two by two contingency tables and compared 
using Chi square analysis with P < 0.05 considered statistically 
significant. 

TABLE Recall of oral intubation by technique 

Laryngoscopic Bronchoscopic 
intubation intubation 

Recall No Yes No Yes 

Emergent 5 6 6 I I 
Elective 15 8 28 15 
Total 20 14 34 26 

Results 
One hundred and eight patients underwent awake intubation in a 
six-month period. Ninety-nine patients were interviewed post- 
operatively while nine were lost to fullow-up. Of  the elective 
patients (n = 68) 25 (36.7 per cent) had recall of tracheal 
intubation while in the emergency patients (n = 31) 18 (58. I per 
cent) remembered their intubation. These proportions were 
significantly different (P < 0.05). Ninety-four patients were 
intubated awake orally while five patients underwent nasotra- 
cheal intubation. The patients intubated via the nasal route were 
eliminated from further analysis because of the small number 
involved. Frequency of recall with different oral intubation 
techniques was then compared. When a larynsoscopic method 
was utilized, 14 of 34 patients (41.2 per cent) had recall. If  a 
fibreoptic technique was employed, 26 of 60 patients (48.3 per 
cent) remembered their intobation. These groups were not 
significantly different. Furthermore, no differences were seen in 
intubation technique when the patients were further subdivided 
into emergency or elective surgery (Table). Only four patients 
reported that their intubations were painful. Patients reporting 
pain were seen in both emergency and elective groups and with 
both intubation techniques. 

Discussion 
In total, 43.4 per cent of patients remembered their awake 
intubation. Yet few patients felt that the procedure was painful. 
Recall of tracheal intubation occurred less frequently in an 
elective situation. Likely explanations Include better premedica- 
finn, more time taken to ensure adequate patient sedation and 
greater care taken to ensure proper topical anaesthesia of the 
upper airway. The technique of oral intubatiou made little 
difference on the incidence of recall, again suggesting that other 
factors such as premeditation, sedation and topical anaesthesia 
play a more important role. In the future, the use of sedative 
agents with greater arnnestic properties may reduce the inci- 
dence of recall. 
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Conscious sedation with Midazolam or Diazemuls in 
cataract surgery 
F. Chang, D.C.H. Cheng, C. Seyone, B. Dyek 
University of Toronto 

The use of supplemental intravenous sedative drugs during local 
anaesthesia can enhance patient comfort and increase accep- 
tance of these techniques. Midazolam is a new sbort-acting 
water-soluble benzodiazepine with anxiolytie and amnesic 
properties, t Diazemuls is an injectable emulsion of diazepam 
causing less pain at the site of injection. This study was designed 
to compare the safety and effectiveness of intravenous midazol- 
am and diazemuls as sedative supplements in patients undergo- 
ing cataract surgery. 

Methods 
The protocol was approved by the Hospital Ethical Committee. 
Informed consent was obtained from 60 physical status ASA I or 
I! outpatients 55 years of age or older undergoing cataract 
operation. Patients received no premedieation. They were 
monitored by electrocardiogram, automatic blood pressure and 
oximeter. All patients received supplemental oxygen via aerosol 
masks. Respiration was monitored by a 16-gauge angiocath 
located at the patient's nostril and connected to a mass 
spectrometer. All patients received 0.5 p,g" kg- ~ fantanyl IV and 
then received either midazolam or diazemuls randomly. Midaz- 
olam was given at an initial dose of 0.015 mg" kg -t.  Diazemuls 
were given at an initial dose of 0.06 rag" kg -I .  Additional doses 
of 25 per cent of the initial dose were given until the desired level 
of sedation was reached which was defined as the stage at which 
the patient was comfortable and relaxed, and able to lie still for 
the operation. 

Retrobulbar block was performed. All data were collected by 
an investigator who was blinded to the type of IV medication 
given. Vital signs were documented. Trieger and digit symbol 
substitution tests were used to measure the patient's time to 
recovery. They were done preoperatively, and at 30, 60, 90, 
120, and 180 minutes postoperatively. Anterograde amnesia 
was tested by showing the patient a picture of a familiar object 2 
rain after the end of injection of the study drug. One and 24 hours 
after the procedure, the patient was asked if he/she remembered 
the object. Local tolerance to injection was recorded at the same 
time periods. The data were analyzed by a two-way analysis of 
variance (ANOVA), student's t test, and Chi-sqnare analysis 
where appropriate. P < 0.05 was considered significant. 

Results 
There was no significant difference in age, weight, sex, ASA 
physical status or duration of surgery between the midazolam 
and diazemuls groups. The midazolam group received a mean 
dose of 1.17 -+ 0.3 mg IV total. The diazemuls group received 
4.50 - 1.7 mg IV total. Patients in the midazolam group had 
significantly better sedation at 5 and l0 min after injection than 
diazemul group. One patient in the midazolam group developed 
apnoea while four patients in the diazemuls group developed 
apnoea. The number of dots and the distance missed in the 
trieger test when compared with the preoperative baseline values 
were significantly higher at 30 to 180 minutes postoperatively in 
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FIGURE Preoperative and postoperative scores in digit symbol 
substitution tests. 

the midazolam group and significantly higher at only 30 minutes 
postoperatively in the diazemuls group. The scorn in the digit 
symbol substitution tests was significantly decreased at 30 to 90 
minutes in the midazolam group, whereas in the diazemul group 
the score was significantly decreased at 30 minutes only. 
Between-group comparison showed that diazemuls group had a 
significantly better score from 60 to 120 minutes (Figure). There 
was no significant difference in the percentage of patients having 
anterograde amnesia in both groups. Five patients in the 
diazemuls group had mild tandemess at the intravenous site 24 
hours postoperatively, while none in the midazolam group had 
any problem (P < 0.01). 

Discussion 
The number of patients with tenderness at the injection site is 
lower in the midazolam group compared with the diazemuls 
group. Patients in the midazolam group had significantly better 
sedation than diazemuls group, but more patients in the 
diazemuls group developed episodes of apnoea. However, 
psychomotor recovery is better in diazemuls group compared 
with midazolam group. 

Reference 
l Dundee JW, Halliday N J, Harper I(W, Brosden RN. M i d a z o l -  

am, a review of its pharmacological properties and therapeutic 
use. Drags 1984; 28: 519-43. 

Analgesic effect of intrapleural Bupivacaine following 
thoracotomy 
V.W.S. Chan, F.M. Ferrante, G.R. Arthur 
University of Toronto 

Intrapleurai bupivacaine use for post-thoracotomy pain gives 
variable degree of relief. 1,2 Our study examined the analgesic 
effect of intrapleurai bupivacaine; the optimal number and 
location of catheter placement; the extent of systemic absolptioa 
and pleurai fluid drainage of bupivacaine. 
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Methods 
Twenty patients consented to 'participate in the study as 
approved by the Human Research Committee. Thoracotomics 
were performed under general anaesthesia for open lung biopsy 
(one), wedge resection (three), lobeetomy (15) and pneumonec- 
tomy (one). lntraoperative narcotic administration was not 
restricted. Before wound closure and under direct vision, the 
s~rgeon sutured one or two epidural catheter(s) to the posterior 
parietal pleura above the incisior~ site. Patients were randomly 
assigned to three groups (Figure). 

All patients were awake, extubated, lying supine and the chest 
tubes were not clamped at the time of intrapleural injection of 
100 mg of 0.5 per cent bupivaca!ne - epinephrine: 10 mi into 
each of the two catheters or 20 ml into one catheter. Top-up 
doses of 100 mg bupivacaine were given every 4-hr upon 
demand (maximum six doses in 24 hr). To treat inadequate 
analgesia, patients could receive morphine 0.06 mg" kg- i IV in 
the recovery room and 0.1 m g . k g  -1 IV on the ward upon 
request. 

Arterial blood samples were obtained in 17 patients at 0, 1, 3, 
5, 10, 15, 20, 25, 30, 45, 60, 120, 180 and 240 rain after the 
initial injection. Pleural effusate samples were collected at 240 
rain in 13 patients. Whole blood and pleurai effusate samples 
wore frozen at - 2 0 ' C  until bupivacaine determination by gas 
chromatography. Verbal analogue pain score (0 - no pain; 10 - 
maximal pain) and sensory anaesthesia to pinprick on anterior 
chest wall were assessed at 30, 60, 90 and 240 min. Data were 
analyzed by ANOVA and t test and P < 0.05 was significant. 

Results 
Twenty-four hour morphine requirement in group DE and DP 
was much lower than group S E (P < 0.03, see Table). Lower 4 
hr pain score in group DE and DP was not statistically 
significant. Sensory anaesthesia was detected in 15/20 patients. 
Peak whole blood bupivacaine level (Cm~x) was highest in group 
DP (no epinephrine) but did not reach statistical significance 
because of high degree of concentration variability. The time to 
peak blood level (Tm~,), Cm~, sensory level and the amount of 
bupivecaine wasted in pleural effusate did not influence pain 
score or morphine requirement. 

Discussion 
We found that intrapleural bupivacaine provides variable pain 
relief following thoraeotomy. Superior analgesia obtained in 
patients with two catheters located peripherally at axillary line 

TABLE 

Group DE Group DP Group SE 

Pain score 4.5 • 1.13 4.08 r 0.98 6.29 • 0.71 
41at 

Morphine (mg) 11.86 • 5.02 12.17 • 5.31 18 • 2.54 
8hr 

Morphine (rag) 19.14 • 7.24* 18 --- 4.44* 42.71 - 5.37 
24hr 

Morphine (rag) 34,14 • 3.33 54 • 8.36"~ 28 _+ 2.47 
lntraop 

C ~  (p.g.ml "t) 0.21 • 0.79"-0.25 0.29 Z 0.12 
Tma 1rain) 4.67 • 2.73 9 - 3.53 3.43 • 1.23 
4 hr Plearal fluid 33.82 • 18.65 39.98 • 13.25 34.98 • 11.42 

Bupivaeaine (rag) 
4 hr Plearal fluid 172.5 • 20.26 197.83 • 42.36 140-+ 33.58 

volume (nil) 

Values are means • SE; *P < 0.03 compared to group SE. 
~P < 0.02 compared to group DE and SE. 

may be due to optima/ local anaesthetic spreading. C~,x is 
within toxic range in all patients after the first dose. Uptake of 
intrapleural bupivacaine after thoracotomy does not follow any 
pharmacokinetic profile due to erratic systemic absorption. 

References 
1 Mcllvaine WB et al. Anesthesiology 1988; 69: 261-4. 
2 Rosenberg PH et aL Anesthesiology 1987; 67:811-3. 

Comparison of postoperative analgesia: bupivacaine by 
instillation vs. ilionguinal/iliohypogastric nerve block 
W. Casey, L. Rice, g .  Hannailah 
Children's Hospital National Medical Centre, Washington, 
D.C. 

Inguinal hernia repair is frequently performed in paediatric 
outpatients. Various regional anaesthetic techniques have been 
employed for postoperative analgesia in these children. This 
study compares the postoperative pain relief provided by simple 
instillation of bupivacaine into the hernia wound with that 
provided by ilioinguinal/iliohypogastric (IG/IH) nerve block. 

Methods 
Institutional approval and informed parental consent were 
obtained for 60 ASA physical status I or H children (ages two to 
ten years) undergoing inguinal hernia repair on an ambulatory 
basis. Anaesthesia was induced and maintained with N~O/ 
O2/haiothane administered via face mask in all cases. After 
ligation of the hernia sac, patients received instillation block or 
IG/IH nerve block in a randomized fashion using bupivacaine 
0.25 per cent, For the instillation block, 0.25 m / ' k g  -~ of 
bupivacaine was instilled into the wound as an irrigating 
solution, and left for two minutes. This was repeated prior to 
skin closure. The IG/IH nerve block was performed through the 
lateral edge of the wound at the end of the surgical procedure 
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TABLE 

IG/IH Instillation 
(n = 30) (n = 30) 

Age (months) 68.6 - 34.6 68.1 -+ 30.7 
Wt (kg) 21.9 • 9.9 21.4 • 7.4 
Duration of surgery (rain) 26.5 • 8.4 25.6 • 10.0 
Duration of anaesthesia 

(rain) 54.8 -+ 11.9 52.5 + 11.5 
Time to reach score of 10 

in PARR 18.3 • 7.4 22.3 • 9.1 
Time to discharge (rain) 143.9 + 56.3 130.7 • 49.4 
Number of patients 

requiring fentanyl 1 I 
Number of patients 

requiring oral analgesics 24 20 

Mean -+ SD 

using 0.25 ml. kg -] 0.25 per cent bupivacalne. Upon arrival in 
the Post-Anaesthetic Recovery Room (PARR) pain was as- 
sessed by a research associate blinded to the type of regional 
anaesthetic, using a previously described objective pain scale. 
Pain and/or discomfort were equated with posturing, agitation, 
crying, blood pressure elevation or verbalization on a scale of 
0 -2  for each of the five categories. Intravenous fentanyl 
I - 2  ttg'  kg -l was administered to any patient who achieved a 
pain score of six or more on two successive five-minute 
observations. Patient recovery was assessed and recorded using 
Aldrete scoring criteria. The time when all discharge criteria 
were met was also recorded. Data were compared using Fisher's 
exact test and Student's t test. 

Results 
Patients in both groups were comparable with regards to age, 
weight, and the duration of  both surgery and anaesthesia 
(Table). There was no statistically significant difference be- 
tween the groups with regard to their postoperative pain scores, 
the need for analgesia, the time to reach a recovery score of 10 or 
the time to discharge from the hospital. 

Discussion 
Standard approaches ot the treatment of postoperative pain 
following hernia repair include the use of IV narcotics as well as 
regional blocks. Narcotics are associated with an increased 
incidence of emesis and somnolence, beth of which may delay a 
return to normal activity and hence delay discharge from 
hospital. Although regional blocks are easy to perform in 
children, they still require some degree of training. This study 
demonstrates that simple instillation of bupivacalne into a 
wound provides postoperative pain relief following hernia repair 
equal to that provided by intraoperative ilioinguinal/ 
iliohypogastric nerve blocks. 

Analgesic effects of epidural nalbuphine in 
post-thoracotomy patients 
R.C. Etches, A.N. Sandler 
University of Toronto 

Lumbar epidural morphine provides effective analgesia for 
post-thoracotomy patients, but clinically significant respiratory 
depression may occur. Nalbuphine, a kappa receptor agonist and 
mu receptor antagonist, demonstrates a ceiling effect for 
respiratory depression, but may not provide adequate analgesia 
when administered parenterally. This study compares the 
analgesic and respiratory effects of epidural nalbuphine with 
epidural morphine. 

Methods 
After informed consent, 15 ASA physical status I - I I  patients 
undergoing thoracotomy were studied, The study was random- 
ized and double-blinded. Patients were monitored the night 
before surgery. Arterial blood gases (ABGs) were sampled via 
an arterial line awake and then at 2 hr intervals while asleep. 
Patients were continuously monitored with respiratory indue- 
tahoe plethysmography (RIP) and pulse oximetry. Episodes of 
apnaea (AP, tidal volume <100 mls for >15 sec) and slow 
respiratory rate (SRR, any five-minute interval with a mean 
respiratory rate <10) were recorded. No narcotics were given 
preoperatively. A lumbar epidural catheter was inserted prior to 
surgery and placement verified with two per cent lidocaine. 
Thiopenmne and pancuronium were given for induction of 
anaesthesia, and patients received oxygen and isoflurane or 
halothane for maintenance. All patients were extuhated at the 
conclusion of surgery. 

Patients were assigned to one of three groups (M - morphine 5 
mg '20  ml -I ,  NI0 - nalbuphine 10 mg '20  m1-1, N20 - 
nalbuphine 20 mg.  20 ml-t). The first dose was given approxi- 
mately two hours prior to the estimated time of completion of 
surgery. Subsequent doses were given for inadequate analgesia 
at intervals of not less than 30 min. Inability to provide adequate 
analgesia after three doses resulted in withdrawal from the 
study. Postoperatively patients were continuously monitored 
with RIP and pulse oximetry. Visual analogue pain (VAS) and 
somnolence scores were measured immediately before a repeat 
dose of study drug, then at 15, 30, 45, and 60 min and hourly 
after the dose. ABGs were taken prior to a repeat dose, at 30 
min, and hourly thereafter. Patients not withdrawn from the 
study were monitored for 18-20 hours postoperatively. Groups 
were compared using a 2 by 3 Chi squa~ analysis. 

Results 
Groups were similar with respect to age, sex, weight, proce- 
dures undertaken, and ASA status. Six patients received 
morphine, four received nalbuphine l0 mg and five received 
nalhuphine 20 mg. 

Preoperative monitoring: There were no significant differ- 
ences between groups and no patient demonstrated CO2 reten- 
sion while awake. Three patients had maximum detected 
PaCO2's of 47-50 mmHg. Eleven patients had one to 66 
apnoalc episodes of 15-20 sec during sleep. Two patients had 
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TABLE Patients in each group successfully completing study or 
withdrawn because of inadequate analgesia (P < 0.02) 

Group M NIO N20 

Completed 6 2 0 
Withdrawn 0 2 5 

FIGURE l Pain scores __ S.D. on arrival in the RR and one hour 
and two hours postoperatively. 
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FIGURE 3 Pain scores and PaCO2 -+ S.D. in Group M patients, 

study period. One Group M patient was not monitored with RIP 
due to equipment problems. Two of five Group M patients had 
apnoeas (234 and 80) and SRR (44 and 32) which peaked in 
frequency approximately seven hours following the second dose 
of morphine. No significant relationship between episodes of 
apnoea, SRR, or hourly respiratory rate with PaCO2 was seen. 
Two Group M patients had persistent marked elevations of 
PaCO2 (55-65 range, P > 0.05). In one patient this occurred 
after a single dose. 

Discussion 
Lumbar epidural nalbuphine did not provide adequate analgesia 
for post-thoracotomy patients. Lumbar epidural morphine pro- 
vided excellent analgesia, but was associated with significant 
CO2 retention in two of six patients. 

FIGURE 2 Duration of adequate analgesia __ S.D. RR to Dose 2 is 
the time from arrival in RR to administration of second dose. 

saturations of less than 90 per cent (86 and 88) during these 
events. No periods of SRR were detected. 

Postoperative monitoring: With the exception of one patient 
in Group M, all patients required additional study drug during 
the first two postoperative hours. Group M patients received an 
average of 2.3 doses and all had adequate analgesia afier the 
second dose (VAS < 2). In contrast, two of four patients in 
Group N 10 and all patients in Group N20 were withdrawn from 
the study in the fast three postoperative hours because of 
inadequate analgesia (P < 0.02, Table). The VAS on admission 
to recovery room and at one and two hours postoperatively are 
shown in Figure !. The duration of adequate analgesia following 
each dose is shown in Figure 2. Average hourly pain scores and 
PaCO2's for Group M patients are shown in Figure 3. The mean 
PaCOz was in the 45-50 range throughout the postoperative 

Reversal by isoproterenol of bupivacaine-induced 
electrophyalologic disturbances in the isolated rabbit heart  
D, Loulmet, P, Lacombe, C. Hollmann. M. Tanguay, 
G.A. Blaise, R. Mehiche 
University of Montr6al 

The anaesthetic agent bupivacaine may cause major distur- 
bances of cardiac rhythm when given at high dose in animals I or 
humans. The mechanisms underlying these arrhythmias are not 
well established and therapy is empiric. Previous data in our 
laboratory suggest that the main effect of bupivaeaine is a 
dose-dependant depression of conduction. The purpose of this 
study was to determine whether this depression of conduction 
could be reduced by isoproterenol, a cathecolamine with pre- 
dominant beta-adrencrgic stimulating properties. 

Methods 
In eight rabbit heart preparations (Langendorff model), we 
continuously recorded the standard electrocardiogram (ECG) as 
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well as local electrograms from the epicardium of both atria and 
ventricles and an intracardiac recording of the atriovantrieular 
junction. Programmed electrical stimulation consisting of rapid 
and premature pacing of the fight atrium and left ventricle were 
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FIGURE 2 Thresholds. 

performed in order to measure specific electrophysiologic 
parameters. 

In each individual preparation, data were obtained (1) in the 
basal control state (C); (2) during peffusion of bupivacalne, 
p,g. ml -~ at a fixed rate determined by basal coronary flow (B); 
and (3) after the addition of isoproterenol, 1-2 ~g .ml  -t,  
adjusted so that spontaneous sinus rhythm rate increased by no 
more than 35 per cent (B + I). Statistical analysis was done 
using a one way ANOVA with the Tukey multiple comparison 
test. P < 0.05 was considered significant. 

Results 
All values in milliseconds except where indicated, * (asterisk) 
denotes a significant change compared with C. 

ECG raeasurements 
Duration of P wave (C = 36, B = 51" , B + 1 = 41), QRS 
complex (C = 48, B = 84*, B + 1 = 57) and QT interval (C = 
216, B = 259' ,  B + I = 211) were increased by B but reverted 
to baseline values after B + I (Figure 1). 

Sinus node 
Sinus cycle length (C = 355, B = 382, B + 1 = 290*) was 
unaffected by B but lowered by B + I while sinus node recovery 
time (C = 36, B = 52, B + I = 38) was not significantly 
changed. 

Atrioventricular conduction 
Atrium to ventricle interval (C = 63, B ~ 114", B + 1 + g3), 
anterograde (C + 161, B = 260*, B = I = 150) and retrograde 
(C = 194, B = 268", B + I = 176) Wenckebach point, 
anterogmde (C = 114, B = 155", B + I = 123) and retrograde 
(C = 195, B = 205, B + I = 186) refractory periods of the 
atrioventricular junction were all increased by B and consistent- 
ly reverted to normal or near normal baseline values after B + I 
(Figure 2). 

Myocardium 
Similarly, B + I reversed the B-induced increase of pacing 
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thresholds of atrium (C = 0.48 mA, B = 2.68 mA, B + I = 1.49 
mA) and ventricle (C = 1.51 mM, B = 5.61 mA*, B + 1 = 1.93 
mA) and refractory periods of atrium (C ~ 114, B = 155", B + 1 
= 123) and ventricle (C = 183, B = 220", B + I = 165) 
(Figure 3). 

Conclusion 
The bupivaeaine-induced depression of conduction is abolished 
by isoproteranol, at the expense of a moderate increase in normal 
automaticity. These data suggest that beta-agonists should be the 
treatment for bupivacainc-induced dysrhythmias. 

Reference 
I Rosen M, Thingpen J, Shnider Se t  aL Bupivaeaine-induced 

cardiotoxicity in hypoxic and acidotic sheep. Anesth Analg 
1985; 64: 1089-96. 

used. On arrival in the OR, in addition to the usual monitors 
(ECG, N1BP and O~Stat), Non-invasive Continuous Cardiac 
Output Monitoring using thoracic bioimpedance (NCCOM), 
(Bomed Medical Manufacturing Ltd) was started. This monitor 
measures pulsatile variations in the electrical impedance of the 
thoracic contents and derives stroke volume, heart rate and 
computes cardiac output. Average data for 12 acceptable cardiac 
beats were transmitted to a microcomputer which was used to 
display and record the data. Spinal anaesthesia was induced in 
the sitting position using 12-20 mg of tetracaine in seven per 
cent dextrose. Subjects were then placed supine and the 
recordings were continued for 10-15 minutes. Ringer's Lactate 
500-1000 rel and ephedrine were used to maintain blood 
pressure at pre-anaesthetic levels. Supplemental oxygen was 
given whenever peripheral O2 saturation fell below 95 per cent. 
Twelve to fifteen minutes after tetraeaine was administered, 
eitherdiazepam or alfentanil was given in increments to a total of 
0.15 m g ' k g  -~ or 4 p,g.kg - l  respectively. Monitoring was 
continued until the end of surgery. Values obtained during four 
different periods: "baseline sitting," "baseline supine," "during 
spinal anaesthesia" and "during spinal anaesthesia with seda- 
tion" were edited to remove artifacts due to movement and 
electrocautery. The mean value of ten readings were averaged 
and compared with the value obtained prior to induction of 
anaesthesia in the sitting position. Differences between mean 
values were compared using Student's t test. 

Results 
The mean cardiac output for patients who received alfcntanil 
ranged between 4.73 L .min  -t and 5.94 L-min -~ for the four 
periods. There was no statistical difference among the four 
periods. For the patients who received diazepam, the mean 
cardiac outputs for the four periods were respectively 5.75 
L.  rnin -I ,  6.06 L.  rain -I , 5.94 L.  min-] and4.85 L . min- =. The 
cardiac output during the "spinal anaesthesia with sedation" 
period was lower than the first three preceding periods (P < 
0.05). Percentage of changes of the cardiac output and the heart 
rate were calculated and plotted against time. This is shown in 

Changes in cardiac output during spinal anaesthesia 
with sedation 
S.G. Lenis, W.A.C. Scott L0' 
McGil l  University 

5 
A recent review of data from Caplan I showed that sudden, 
unexpected deaths may occasionally occur during spinal anaes- [ G. 

o thesis in healthy patients. The authors suggested that a complex 
chain of events involving loss of consciousness, hypoxaemia, "~ 5. 
decreased venous return, decreased cardiac output and hypoten- 
sion may have led to cardiac arrest. All the patients reviewed had ,~ -t0 
received IV sedatives, often both diazepam and fentanyi. We 
have therefore recorded continuous cardiac output measure- -t~. 
ments during spinal anaesthesia in patients sedated with either 
diazcpam (seven subjects) or alfentanii (three subjects). 

Methods 
The study received approval by the Hospital Ethics Committee 
and each patient gave informed consent. No premedication was 

Baseline sit. Baseline sup Spinal Sglnal + SedaL 
Time 

[ ]  K, 

FIGURE CO and HR variations (%) during spinal anaesthesia with 
di~epam sedation. 
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the Figure. Blood pressure and O2 saturation remained within 
normal limits throughout the study for troth groups. 

Conclusion 
Our data suggest that spinal anaesthesia associated with diaze- 
pare sedation may result in a decrease in the cardiac output, not 
associated with a drop in blood pressure or in 02 saturation. 
Further studies with larger groups will have to be carried out to 
conf'u'm and explain these findings. 

Reference 
1 Caplan RA et al. Unexpected cardiac arrest during spinal 

anesthesia: a closed claims analysis of predisposing factors. 
Anesthesiology 1988; 68: 5-11. 

An evaluation of the efficacy of methods to treat 
postoperative pain 
D.W, Fear, B. Bissonnette 
University of  Toronto 

The purpose of this study was to evaluate the efficacy of present 
methods of postoperative pain relief in paediatrie patients. 

At the present time there is a variety of methods used to 
provide pain relief at this institution. Some anaesthetists use 
intraoperative narcotics and others do not. Frequently patients 
arrive in the postanaesthetic recovery room (PAR) with varying 
degrees of pain relief. The attending anaesthetist orders an 
analgesic and a route of administration that he or she deems 
appropriate. It was our opinion that there was inadequate pain 
relief achieved in some of the patients in the PAR. 

Methods 
The study was prospective and did not require institutional 
approval as there was no adjustment or modification of any 
present acceptable techniques for postoperative pain relief. We 
studied 100 patients, ASA physical status 1 or II, undergoing 
orthopaedic, plastic and general lower abdominal surgical 
procedures. The staff was not informed that this study was being 
conducted and the authors' cases were excluded from the study. 

On admission to the PAR each patient was evaluated by one of 
the authors to determine the severity of their pain using the 
Objective Pain-Discomfort Scale (OPDS).I The OPDS has been 
shown to be a valid instrument in the very young and unverbal 
child and is as useful as a linear analogue scale for older 
children, 

Each patient was evaluated and scored on admission to the 
PAR and subsequently at 10, 20, 30 and 60 minutes in the PAR. 
In addition, supplementary data for each patient included use of 
volatile agent, intranperative narcotics including type of drug 
and total dose administered. The time, type, dose and rate of 
administration of analgesics used in the PAR were also 
recorded. Results were tabulated and ehi-square analysis for 
independent variables was used. Statistical significance (P < 
0.05) was determined. 

Results 
The mean ( -  SD) age and weight of the children were 9.75 - 

5.10 years and 3.02 --- 18.43 kg, respectively. Patients who had 
received a pure volatile anaesthetic technique showed a statisti- 
cally significant difference (P < 0.05) in postoperative pain 
compared with patients who had received a balanced or narcotic 
anaesthetic technique. No patient who received regional anaes- 
thesia as part of the anaesthetic required postoperative analgesia. 

Discussion 
There has been a significant amount of concern by both 
anaesthetist and others that postoperative pain in the paediatric 
patient is poorly controlled. 2-4 In addition, anaesthetists them- 
selves do not use any form of analgesia routinely for the 
management of postoperative pain particularly in neonates or 
infants, s 

The results of our study would seem to corroborate the 
experience of others. 

As we now have a documented baseline regarding the 
adequacy of postoperative pain relief in children, further 
education vis d vis the need for and advantages of postoperative 
pain relief will be carried out with the staff. Further studies will 
be necessary to determine protocols for adequate analgesic 
administration. 

References 
I 8roadman L, Rice LI, HannaUah R Testing the validity of an 

effective pain scale for infants and children. Anesthesiology 
1988; 69: A770. 

2 Mather C, Mechic J. The incidence of postoperative pain in 
children. Pain 1983; 15: 271-82. 

3 ElandJM, Anderson JF. The experience of pain in children. In: 
Vaeox (Ed.). A Source Book for Nurses and Other Health 
Professionals. Little, Brown and Co., Boston, 1977, pp. 452-73. 

4 Dilworth NM. Children in pain: an underprivileged group. J Paed 
Surg 1988; 23: 103-4. 

5 Purcell-Jones G. DormadF. Paediatric anaesthetists' perceptions 
of neonatai and infant pain, Pain 1988; 33: 181-7. 

Intravenous regional anaesthesia with 2-chlopoprocaine 
does not cause clinically significant thrombophlebitis 
S.A. Lang, H,C, Ha 
University of  Saskatchewan 

Chloroprocalne (CP) has been suggested as an ideal agent for 
intravenous regional anaesthesia (IVRA) because its rapid 
hydrolysis in blood by pseudochdiinesterase results in a lower 
incidence of minor central nervous system (CNS) side effects 
(9.3 per cent vs 30-50 per cent for lidocaine).~ However, its use 
in IVRA has been criticized because of a fear of thrombophlebi- 
tis (TP) ~ despite demonstration of its efficacy for IVRA.~'z This 
study was designed to determine prospectively the frequency of 
clinically significant TP with CP use in a randomized, double- 
blind comparison with lidocaine. 

Methods 
In a study approved by the Ethics Committee, 104 patients 
scheduled for elective or emergency procedures on an upper or 
lower extremity were randomly allocated to receive IVRA with 
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TABLEI 

ASA class 
Age Height Weight 

N yrs cm kg M:F I II Ill 

CP 53 38.9-+2.5 * 175.6-+2.1 * 70 .0-  + 1.9 0.9:1 46 5 2 
XYL 50 45.0-+2,6 166.2-+1.4 70.9---1.90.8:1 35 11 3 

Values • SEM. NS Non-Significant. 
�9 P ~ 0.05. 

TABLE II 

Drug Technical CNS 
TP failure failure symptom 

CP 0 1 1 14 
XYL 0 4 ~, 7 

the potential advantages inherent in the use of chloroprocaine its 
use in IVRA should be re-evaluated. 

References 
1 Harris W, Slater, Bell M. Regional anesthesia by the intra- 

venous route. JAMA 1965; 194: 105-8. 
2 PalarTAR, GerberHR. Intravenousregianalanesthesiaforopera- 

tions in the lower limb. Peg Anesth 1982; 7: 29-32. 

either one per cent CP or 0.5 per cent xylocaine (XYL). 
Demographic data related to our patient population is found in 
Table L The anaesthetists performing the procedure were asked 
to use 60 ml for a lower limb and 50 ml for an upper limb. 
Symptoms of CNS dysfunction were elicited first by asking the 
patient to report any unusual sensations on cuff deflation and 
then by specific questioning. Intravenous sedation was permit- 
ted. Thrombophlcbitis was defined as any area that was tender, 
diseoloured, itchy or painful with or without a cord-like mass. 
The patient was told that an independent nurse researcher would 
telephone to ask about the presence or absence of TP. Data was 
analyzed using t tests and Chi-squarcd test with Yates' correc- 
tion. Statistical significance was defined as a P value ~ 0.05. 

Results 
IVRA was highly successful in both the CP and XYL groups. 
There were five drug failures (one CP and four XYL). All other 
failures were considered technical (four XYL and one CP), and 
were usually related to tourniquet malfunction. The frequency of 
CNS side-effects was 28 per cent for CP and 16 per cent for 
XYL. There were no cases of TP in either group, as determined 
by either the telephone survey or direct follow-up. Those 
individuals seen because of symptoms were found to have 
simple bruises or swelling related to the operative site (Table I1). 

Discussion 
This study demonstrates that CP is both safe and effective in 
IVRA. We were unable to demonstrate any clinically significant 
episodes of TP in either the CP group or the XYL group. The 
investigators who conducted the original studies reported an 
eight per cent incidence of TP with CP use in IVRA. They 
neither studied the frequency of TP prospectively nor defined 
what they meant by TP. We were unable to demonstrate any 
superiority of  CP relative to XYL with respect to the frequency 
of CNS side effects. This may be attributed to the large average 
dose of CP used in this study ( 7.8 mg.  kg-  t) compared with that 
used by previous investigators ( 3 mg.  kg-I).  We conclude that 
the incidence of clinically significant TP in association with 
IVRA with a eommerical preparation of CP is remarkably low 
and that CP is therefore a safe drug for use in IVRA. In view of 

Traitement symptomatique de I'arachnoidite et du 
syndrome post discoidectomie au moyen d'une epidural 
permanente.  Comparaison de trois protocoles dqnjection 
H. Germain, A. Ntren 

Hopital St-Luc, Montrdal, Quebec 

L'arachnoiditc chroniquc et le syndrome post discoi'dcctomie 
constituent un ~ventail important de patients f r t q u a n ~ t  les 
cliniques de douleurs. Pamli ces patients, un certain nombre 
r~pondent bien aux 6pidurales, mais il n'est pas clair dans la 
litttrature si c 'cst  l'intcrruption des influx nociceptifs lite /~ 
l'administration de l'anesth~sique local ou l'anti-inflammatoire 
cortison6 ou encore lc bloc sympathique, qui contribue ~ les 
soulager. 

Mtthode 
Nous avons choisi parmi nos patients souffrant d'arachnoidite ct 
de syndrome post discoidentomie 14 patients qui obtanaient 
apr~s une 6pidurale co~ison~e un soulagement dent la durte 
variait de trois scmaines ~ trois mois, et aprts consentement 
informt, nous avons install6 sous anesthesie generale un 
port-a-cath epidural (12 lombaires h L1-L2 et deux au nivcau 
cervical/l C7-T1). Au niveau lombaire nous avons installr un 
cathtter INFUSAID reli6 ~ un port-a-cath veineux dont la 
capsule reposait sur le gill costal droit. 

Au niveau cervical, nous avons install6 un cath&er intra- 
spinal (Pharmacia) dabs l'espace 6pidural, laissant la capsule 
reposer sous la clavicule droite. Chaque patient servant comme 
son propre contrtle, nous avons injectt, avec des prtcautions 
d'asepsie chirorgicale, scion les protocoles suivants: 

A chaque semaine durant 3 semaines 
Bupivicaine 0.25% 15 ml protocole # 1 
Brttylium 100 m g •  H20 13 ml protocole # 2  
Bupivicalne 0.25% + 14 ml 
D,~po-mtdro120 mg 0.5 ml protocole #3  

A chaque 3 semaines durant 2 p~riodes de 3 semaines 
Bupivicaine 0.25% 15 ml pmtocole # 4  
Br~tylium 100 mg + H20 13 ml protocole #5  
Bupivicaine 0.25% + 14 ml 
Dtpo-m~dro120 mg 0.5 ml protocole # 6  

La permtabilit6 du systtme 6tait garantie par 3 ml d'h~parine- 
lock. L't tude a dur6 27 semalnes pour chaque patient; ces 
demiers dtcrivalcnt [l l 'tchelle d'analogie visuclle l'intensit6 de 
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la douleur et compilaient une 6chelle de fonctionnalit6 (marche, 
sommcil, station debout, m~dication narcotique). 

Deux cathr ant dO etre retirds tt cause d'infection 
(staphylococques dor~s), ces cos ant r trait~s par antibio- 
th~rapie IV durant 15 j ours. Aocun abets 6pidural n'a cepeodant 
r mis en 6vidence it la r~sonanee magnrtique. 

R~sultats 
Le protocole #1 (Bupivicaine 15 ml ~ chaque semaine) s'est 
rrvr16 suprrieur statlstiqnement et cliniquement aux autres 
protocoles (diminution de la douleur d'au mains 75 pour cent au 
VAS, amelioration de fonctionnalit6 de 50 pour cent). L'addi- 
tion de Brrtylium, done le bloc sympathique seul, on I'addition 
d'un anti-inflammatoire n'a pas ajout~ au confort des patients. 

Aucune anomalie neurologique supplrmcntaire n'a ~t~ ant~e. 
Des 6pidurographies s~ri~es faite chez chaque patient n'ont pas 
montr~ de d~gradatinn de l'arachno~ditr 

La consommation de narcotlque a diminu~ ou cess~ chez la 
totalit~ des patients. 

Conclusion 
Cbez des patients choisis porteurs de ces syndromes et rrpondant 
bien anx ~pidurales, ce genre d'approcbe semble sreuritaire et 
effieace. 

TABLE 

Metoprolol (n = 5) Placebo (n = 5) 

Heart ralr 60.4 _+ 10.6 81.0 _.x 13.9" 
Inotropr No No 
Pacemaker Yes: 2 NO: 3 Yes: 2 No: 3 
Wall motion abn. Yes: 0 No: 5 Yes: 2 No: 3 
ST elevation Yes: 1 No: 4 Yes: 0 No: 5 

*P < 0.03 post-intubation. 

maintained within 20 per cent of normal. Haemodynamic 
profiles and cardiac output were obtained prior to induction and 
at 1 min post-induction, intubation, skin incision, sternotomy, 
aortic cannulation, bypass, protamine injection, sternal wiring 
and skin closure. Echocardiographic studies were done during 
surgery after intubation. Blinded analysis of the ST segments on 
the Halter record done independently by two investigators were 
used to document myocardial ischaemia. Regional wall motion 
abnormality, end-diastolic and end-systolic diameters (EDD 
and ESD), per cent fractional shortening (FS) were also 
documented by two investigators independently. Standard 
criteria for ST change and wall motion abnormalities were used 
in the interpretation of data. Statistical analysis was done using 
the Student's t test and Chi square where appropriate. 

Premedication with metoprolol - A transoesophageal 
echocardiographic study 
F. Chung, C. Seyone, D.C.H. Chang, H. Sullivan, P. Dorian, 
D. Salter, C. Pollick 
University of Toronto 

Patients receiving calcium entry blocking drugs (CEB) prior to 
cardiac surgery have been shown to have a higher incidence of 
perioperative myocardial ischacmia than those receiving beta 
adrenergic blocking drugs (BB).~ No randomized study, how- 
ever, has been performed. This prospective randomized double- 
blind study was undertaken to determine the effects of BB as an 
adjunct to CEB when administered as a premeditation prior to 
coronary artery bypass grafting (CABG). 

Methods 
Informed consent was obtained from ten patients receiving 
calcium channel blockers scheduled for CABG. Patients were 
randomly assigned in a double-blind fashion to receive either 
Metoprolol, 100 mg the night before the operation and 100 mg 
11/2 hours prior to surgery, or two doses of a placebo. All 
cardiac medications were continued up to the time of surgery. A 
standard high-dose fentanyl anaesthetic technique was used. 

All patients were monitored for 24 hours beginning 90 min 
prior to surgery using an ambulatory ECG monitor, recording 
modified leads AVF and V5. Arterial and pulmonary artery 
pressures were monitored inlranperatively. After intubation, a 
Iransoesophageal echocardiography probe was positioned to 
obtain a cross-sectional view of the left ventricle at the level of 
the papillary muscles. Heart rate and blood pressure were 

Results 
There were no significant differences in age, sex, weight, the 
New York Heart Association classification and duration of 
aortic cross-clamp between the two groups. Heart rate was 
significantly higher in the placebo group versus the metoprulol 
group at 1 rain post-intubation. Mean arterial pressures and 
pulmonary capillary wedge pressures did not differ significantly 
between the two groups. None of the patients required intranper- 
alive calcium chloride or dopamine. Two out of five patients in 
each group required pacemaker assistance on weaning off 
bypass (Table). 

There were no significant differences in the frequency of 
porioperative ectopic beats. None of the patients showed ECG 
evidence of ptebypass ischaemia. One patient in the metoprolol 
group developed significant ST elevation of 2 nun in both leads 
AVF and V5 for 30 rain post-bypass with EKG and CPK-MB 
evidence of perioperative myocardial infarction. However, no 
intranporative wall motion abnormality was detected in this 
patient. A transthoracic echocardiogram done postoperatively 
showed an antero-apical infarct. 

Transoesophageal echocardiographic findings showed no 
significant differences between the two groups in their EDD, 
ESD or FS. New wall motion abnormalities were noted in two 
patients in the placebo group, one during the pre-bypass period 
and the other post-bypass. 

Discussion 
In this preliminary study, there was no observable difference in 
the need for inntropic or pacemaker support nor was there a 
decrease in the echocardingraphically assessed ventricular 
function between the two groups. A large sample size will be 
required to eonfwm the possible cardiac protective effect of 
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metoprolol as a premedication in patients who are not on beta 
adrenergic blockade prior to CAtlG. 

Reference 
1 Chun8 F et al. Calcium channel blockade does nut offer 

adequate protection from pcrioperative myocardial isehemia. 
Anesthesiology 1988; 69: 3: 343-7. 

TABLE Plasma GTN concentration - ng �9 ml -j 

Bypass time 

Patiem Prebypass 10 min 30 rain 60 min Post bypass 

I 5.36 4.04 5.31 4.69 4.20 
2 8.60 8.60 14.60 16.40 9.10 
3 6.33 4.13 10.90 8.28 5.22 
4 13.10 6.7._...~9 10.70 11.70 8.74 
Average 8.35 5.89 10.38 10.27 6.82 

Effect of cardiopulmonary bypass with a membrane 
oxygenator on plasma nitroglycerin levels 
F. Cervenko, B. Milne, J. Parlow, J. Pyre, K. Nakatsu, 
D. Elliott 
Queens University 

Patients undergoing coronary artery bypass grafting (CABG) 
have a periopetative risk of developing myocardial ischaemia 
and infarction. Intravenous nitroglycerin (GTN) has been used 
to control perioperative isehaemia and hypertension, and is also 
used prophylactically during CABG surgery. Cardiopalmnnary 
bypass (CPB) has been shown to affect the pharmacokinetics of 
some dmgs. In one report serum GTN levels decreased during 
CPB using a bubble oxygenatnr.~ The purpose nf this study was 
to measure plasma GTN in patients having CABG with 
continuous IV GTN to determine if infusion rates need to be 
all, red when using a membrane nxygenator. 

Methods 
After ethics committee approval and informed consent, four 
premedieated ASA physical status HI patients aged 45-70 years 
scheduled for CABG surgery were studied. After application of 
monitors and insertion of venous, arterial and pulmonary 
catheters under local anaesthesia, IV, GTN 0.5 t~g" kg- i. min- 
was infused via polyethylane non-GTN adsorbing tubing into a 
central line throughout the operation. Ten minutes later, 
anaesthesia was induced and maintained with fentanyl, and 
relaxation was obtained with paneurnnium. Arterial blood 
samples for GTN analysis were taken before, during and after 
CPB (Cobe CML membrane oxygenator). The blood samples 
were drawn into iced, non-adsorbing syringes, placed in 
heparinized tubes, and centrifuged at 4~ the plasma was 
separated and frozen. Analysis of GTN and its metabnlites was 
done by gas-liquid chromatography. 

Results 
The Table shows that the average pre-bypass plasma GTN 
concentration was 8.35 ng 'm1-1. During early CPB, the level 
decreased to 5.89 rig' ml- t and then it increased in three patients 
to above pre-bypass levels. After bypass, GTN concentrations 
decreased to an average nf 6.82 rig. ml -~. 

Discussion 
In the only previous report of GTN blond levels during CPB, a 
bubble oxygenator was implicated in causing a significant 
decrease in GTN.I In the present study, using a membrane 
oxygenator, a small decrease in plasma GTN occurred initially 

on CPB, but levels were still in the therapeutic range for the 
treatment of heart failure. This suggests some minor adsorption 
of GTN by the apparatus. During later stages of bypass, the 
average plasma GTN levels increased suggesting a change in 
clearance induced by factors such as hypothermia, haemodilu- 
tion, altered hepatic blood flow and/or lung isolation. Following 
bypass, the GTN levels decreased but were still in the therapeutic 
range. 

In summary, 0.5 p.g' kg- x. rain- i IV GTN resulted in plasma 
GTN levels which were in the therapeutic range, and this was 
maintained when a membrane oxygenator (Cobe CML) was 
used during CPB. 

Reference 
1 Dasta FJ et al. Influence of eardiopulmonary bypass nn 

nitroglycerin clearance. J Clin Pharmacol 1986; 26:165-8. 

Continuous alfentanil infusion for abdominal aortic 
surgery 
D.R. Miller, R.J. Ma~dneau, D. Ewing 
University of  Ottawa 

A variable rate infusion of (ALF) alfentanil has been shown to 
provide effective anaesthesia for varying surgical stimuli during 
general surgery. We hypothesized that this technique would also 
be useful for abdominal aortic surgery (AAS). 

Methods 
Eighteen patients undergoing elective AAS entered this trial 
after given written informed consent to the protocol approved by 
the Hospital Ethics Committee. ASA physical status IV nr V 
patients and those greater than 75 years of age were excluded. 
Preoperatively, patients received lorazepam 0.04 nag" kg-~ and 
either their usual dose of beta-blocker or metoprolol 100 mg PO. 
A loading dose of ALF 50/.tg. kg -1 was administered over 60 
seconds, during which paneuronium 0.15 rag. kg- i was infused, 
immediately followed by thiopentone 3.0 mg" kg -t .  Following 
intubation, anaesthesia was maintained with 66 per cent N20 
and infusion of ALF adjusted to maintain systnlie blood pressure 
and heart rate within 20 per cent of each patient's baseline value. 
The infusion was terminated at the end of surgery. Hanmedyo- 
amic measurements were taken at the following times: awake 
(BL0, post-induction (IND), post-intubafion (INT), before and 
after skin incision (BL2 and INC, respectively), before and after 
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TABLE Haemodynamic responses to anaesthetic and surgical 
interventions (Mean -+ SEM) 

BL I IND INT BLj INC 

HR 
(BPM) 67--.3 65-+2 68• 62---2 68+-2 * 
MAP 
mmHg 111~5 82+-3* 83+-5 83• 104-+4 * 
CVP 
nnruHg 9•  8+-1 8+-I 9•  11-1 '  
PCWP 
mmH S 13• t l - l *  10+-1 12-+1 15• 
CI 
L.rnin-l.m -z 3.0• 2.9• 3.0+-1.3 2.9• 2.9+-7 

BLj XCL BL, DEC 

HR 
(BPM) 69+-2 70• 64--.2 66--_2* 
MAP 
mmHg 94 • 4 101 • 5* 95 +- 4 83 -+ 3* 
CVP 
mmHg 10• 1 10• 1 10- 1 10• I 
PCWP 
mmH s 13• 1 14• I 12 • 1 12• 1 
CI 
L.rnin-l-m -2 3.1---1.7 2.8• 2.7+-1.9 2.9 �9 1.7 

*Change significant (P < 0.05) between asterisk value and preceeding 
baseline BL (1-4) value. 

aortic cross-clamping (Bid and XCL, respectively), and before 
and after declamping (BL4 and DEC, respectively). A 24-hour 
Holter analysis (Marquette 8090) of leads 11 and V 5 was 
performed to quantitare pcrioperative myocardial ischaemia 
(PMI). Results were analyzed using repeated measures analysis 
of variance, and paired Student's t tests to assess the change (P < 
0.05) caused by IND, INT, INC, XCL and DEC compared to the 
corresponding, preceding BLi-4 value (Table). 

Results 
The ALF infusion rate varied from 0.5-2.0 ~ g ' k g - i  min-~, 
with an average dose of 14,250 - 5,620 i.tg. kg -I for surgery 
lasting 155 +- 38 minutes. This average dose includes small 
(7.5 p.g' kg -l)  boluses of ALF administered, according to the 
protocol, each time the infusion rate was increased (range of 1-4 
boluses/patient). No patient required supplemental anaesthetic 
agents or vasodilators during surgery, including at the time of 
XCL. A transient decrease (P < 0.01) in mean arterial pressure 
(MAP) occurred during IND, with a reduction in PCWP (P < 
0.05), but no change in HR, CVP or cardiac index (CI) was 
observed. No haemodynamic variable changed during INT. 
Although HR, MAP, PCWP and CI increased (P < 0.05) during 
INC, these responses were rapidly controlled by ALF. As 
expected, XCL caused a small increase in MAP, and DEC 
decreased MAP. No patient developed PMI during surgery, but 
five of the 13 Holter analyses (38 per cent) demonstrated PMI in 
the postoperative period, although no patient had a myocardial 
infarct. The average length of postoperative ventilation was 21 
-+ 9 horn's and six patients (33 per cent) were extubated on the 
day of surgery. No patient had awareness of intraopcrative 
events, and there were no deaths, 

Discussion 
In contrast to our previous finding that high-dose fentanyl and 
sufentanil require routine use of small doses of nitroglycerin 
and/or isoflurane to control haemodynamic responses during 
AAS 1 a variable rate ALF infusion, with N20, can rapidly 
control hypertension and taehyeardia without the need of 
supplemental agents. The significant incidence of postoperative 
PMI seen with our more sensitive monitoring system is in 
keeping with this patient population at risk for coronary artery 
disease. Interestingly, none of the 13 Holters demonstrated PMI 
intraoperatively during anaesthesia with the ALF infusion. We 
conclude that a variable rate infusion of ALF provides good 
haemodynamic control without the use of supplemental agents 
during AAS, and this technique may facilitate early extuhation 
postoperatively. 

Reference 
1 Crosby ET, Miller DR, Hamilton PP. Comparison of fentanyl 

and sufentanil anaesthesia for abdominal aortic surgery. Can 1 
Anaesth 1988; 35: $78-$79. 

Esmolol for control of haemodynamic responses during 
anaesthetic induction 
D.R. Miller, R.J. Martineau 
Univeristy of  Ottawa 

Induction of anaesthesia frequently results in marked increases 
in heart rate. We hypothesized that esmolol, a new cardioselee- 
tire, short-acting beta-blocker, would be useful to attenuate the 
tachycardic reflex if administered as a bolus prior to induction of 
anaesthesia. We designed a double-blind, randomized placebo- 
controlled study in a patient population with risk factors for 
coronary artery disease in order to evaluate this hypothesis. 

Methods 
Thirty patients undergoing elective peripheral vascular surgery 
entered the study and gave written informed consent to the 
protocol approved by the Hospital Ethics Committee. Excluded 
were patients taking verapamil, beta blockers, or those in whom 
beta blockers would have been contraindicated. Patients were 
premedicated with diazepam O. 15 nag" kg- t 90 minutes preoper- 
atively. Following defasciculation, fentanyl 2 p,g.kg -I was 
given and the patients were pre-oxygenated. A coded, labelled 
syringe was then given over 30 seconds, and contained either 
placebo (P), esmolol 1.5tug'ks -t (ESMI.s or esmolol 
3.0rng'kg -I (ESM3.0), according to the randomization schedule, 
This was immediately followed by thiopentone 3.0 mg'kg -l 
and succinylcholine 1.5 rag. kg -t each given over 15 seconds. 
The patients' tracheas were intubated 60 seconds later, and then 
their lungs ventilated with nitrous oxide/oxygen in a 2: l ratio. 
Measurements were taken at baseline (BL), 30 seconds follow- 
ing induction of anaesthesia (IND) and two minutes following 
intubation (INT). Cardiac index (CI) and ejection fraction (El=') 
were measured nnninvasively by a transthoracic bioimpedance 
monitor (Bo-Med). Results were analyzed using repeated 
measures analysis of variance and least squares adjusted means 
(Table). 
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TABLE Haemodynamic responses to induction and intubation 
(means • SD) 

BL IND INT 

HR (BPM) 
P 70-+8 6 8 •  86-+11 * 
ESML~ 71 -+ 15 72 -+ II 82 -+ 14 
ESM3.o 69 • 5 69 • 9 74 -+ 7 

MAP (mmHg) 
P 104--+17 103-+17 117---23 
ESM~.5 105 • 9 95 - 13 106 • 31 
ESM3.o 103 • 11 83 -+- 13"1" 107 • 20 

CI (L. min-l, m-2) 
P 2.9 • .8 2.7 • .8 2.6 • .6 
ESML5 2.8 • .3 2.5 -+ .2 2.5 • .3 
ESM3.o 3.0 -+ .5 3.0 • .q 2.2 • 4* 

EF (%) 
P 57 • 8 57 • 7 50 = 7* 
ESM~ 5 54 --- 6 50 --. 7 50 --- 7 
ESM3.o 55 • 7 51 -+ 7* 45 • 7* 

RPP ( :'< 103) 
P I1.1 •  10.4• 13.5 • 3.8 
ESMLs 11.9 • 3.1 9.6 +-- 2.3 10.2 • 6.2 
ESM~.o 11.4 • 2.7 7.1 -+ 2.9 9.2 -* 3.81" 

*Different from BL. 
"tDifferent from P. 

Results 
There were no significant differences between groups with 
respect to age, ASA classification, or preoperative blood 
pressure. Induction caused a significant reduction of mean 
arterial pressure (MAP) with ESM3.o, but not with P or ESMj.3. 
Heart rate (HR), CI and EF were not altered during IND in any 
group, but the rate-pressure product (RPP) tended to decrease 
with ESMLs, and to a greater extent with ESM3. o, Intubation 
produced a significant increase (P < 0.01) in HR in the PLAC 
group, but HR did not change with either ESMLs or F.,SM3. o. 
The MAP also tended to increase in the PLAC group, but was 
unchanged compared to BL with either ESMLs or ESM3.o. 
Although ESM3.o resulted in significantly lower RPP compared 
to PLAC following intubation (P < 0.01), the CI and EF 
decreased significantly (P < 0.04) compared to baseline with 
ESM3.o. The CI and EF were not depressed with ESMLs. No 
patient developed ischaemic electrocardiographic changes (lead 
Vs). 

Discussion 
The cardioselectivity, rapid onset, and short duration of action 
(half-life of nine minutes) ofESM ~ make this drug well suited to 
attenuate hyperdynamie responses during anaesthetic induction. 
ESMI.s prevented any change in HR or MAP during intubation, 
without altering CI of EF. ESM3 o resulted in the lowest RPP, 
but induced a transient, but significant fall in MAP during IND, 
and a decrease in CI and EF following INT. We conclude that 
esmolol 1 . 5 m g . k g  -~ is safe and effective in controlling 
cardiovascular responses during anaesthetic induction. 

Reference 
1 Sintetos AL, Hulse J, Pritchett EL. Pharmacokineties and 

pharmaeodyanmics of esmolol administered as an intrave- 
nous bolus. Clin Phafmacol Tber 1987; 41:112-7.  

Esmolol is efficient in controlling post intubation 
tachycardla and hypertension 
J.W.D. Knox, D.C. Oxorn 
Dalhousie University 

Esmolol is a short-acting beta blocker, which may be useful in 
blunting the sympathetic response following endotracheal intu- 
bation. The purpose of this study is to compare the effects of two 
doses of esmolol (100 mg and 200 mg) and placebo on 
haemodynamies, following intubation. 

Methods 
Approval for the study was obtained from the Hospital Ethics 
Committee, and informed consent was obtained from each 
patient. Patients were excluded if they had contraindications to 
the use of beta blockers. Forty-eight ASA physical status I and I1 
patients scheduled for hysterectomy were included in the study. 
Diazepam 5-10  mg was given orally I Y2 hours preoperatively. 
Three baseline values were obtained for heart rate and blood 
pressure. Prior to induction of anaesthesia with v~curoniurn 1 mg, 
thiopentone 3-5  mg .kg- t  and succinylcholine 1.5 rag '  kg -~ , 
a 20 ml solution containing either 0, 100 mg or 200 mg was 
given intravenously, in double-blind fashion. Pulse and blood 
pressure readings were obtained at one-minute intervals. After 
intubation, if  blood pressure or heart rate exceeded 20 per cent of 
baseline values, i f  systolic blood pressure was greater than 140 
rnmHg, or i f  heart rate was greater than 90 rain- ~, 100 tug was 
given intravenously, and repeated once more if  haemodynamic 
measurements still exceeded aforementioned limits. Mainte- 
nance anaesthesia consisted of 50 per cent nitrous oxide, 
enflurane 1 - 1.5 per cent and vecuronium 0.8 rag" kg-~. Patients 
were monitored with ECG, automated blood pressure cuff, and 
Holter monitor. All data were analyzed by analysis of covari- 
once. A P value of less than 0.5 was considered significant. 

Results 
No differences in age, weight and height were seen in the three 
groups. Heart rate: the post-intubation heart rates following 100 
mg and 200 mg of esmolol were significantly less than placebo, 
immediately after intubation and at 0.5, 1.5 and 2.5 minutes, 
though not different from each other (Figure 1). Periods of 
intraoperative taehycardia were effectively controlled by 100 
mg of esmolol (Figure 2). Blood pressure: post-intabation 
systolic blood pressure following 200 mg of esmolol was 
significantly less than placebo immediately post-induction and 
at 0.5 and 1.5 minutes. Following 100 mg of esmolol, systolic 
blood pressure was statistically lower than placebo only at 0.5 
minutes (Figure 3). Periods of inlxaoperative systolic hyperten- 
sion were effectively controlled by 100 mg esmolol (Figure 4). 
Post-intubation mean and diastolic blood pressures following 
100 nag and 200 mg of esmolol were significantly less than 
placebo at 0.5 minutes and no differences were seen between the 
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two doses of esmoloL No episodes of hypotension, bradycardia 
or other arrhythmias were seen in any of the patients. 

Discussion 
Esmolol IOQ mg effectively controlled the post-intubatiun 
hypertension and tachycardia seen with placebo, although the 
effect was short-lived. Episodes of intraoperative hypertension 
and tachycardia were also controlled. Esmulol 200 mg was 
equally effective in the immediate post-intubation period and 
was found to be superior to the 100 mg dose in controlling 
systolic blood pressure for a longer period of time. No side 
effects could be attributed to esmolol. 

Attenuation of the heart rate response to intubation by 
bolus doses of  Esmolol 
D.E, Withington, J.G. Ramsay, F.E. Ralley, J.P. O'Connor, 
D.G. Whalley, J. Bilodeau 
McGill University 

Thiopentone is the most popular agent for anaesthetic induction 
in patients without cardiovascular compromise. Despite this, a 
thiopentone induction can be associated with hypotension and 
reflex tachycardia, followed by hypertension and further taehy- 
cardia at intubation. Patients with coronary artery disease 
(CAD) taking beta adrenergie antagorfists chronically or as a 
single oral dose prior to induction have an attenuated heart rate 
response to intubation associated with a reduced incidence of 
ischaemia. L2 The new ultra short-acting beta adrenergic antago- 
nist csmolol when given by infusion also attenuates haemodyn- 
antic responses to intnbation; 3 however, an infusion is cumber- 
some at the time of induction. This investigation was performed 
to assess the effectiveness of a single dose of esmolol in 
attenuating the haemodynamic response to intubation after a 
thiopentone-bascd induction sequence, in patients at risk of 
CAD. 
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associated with intubation after thiopentone. There was no 
advantage in using esmolol 200 mg, Prevention of taehycardia 
may prevent ischaemia in patients with CAD, 1,2 and 100 mg 
esmolol appears to be a valuable and convenient adjunct to 
anaesthetic induction in this patient population. 
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Methods 
With Ethics Committee approval and after informed consent, 20 
patients with known or suspected (risk factors) CAD present- 
ing for surgical procedures requiring intubation were studied. 
Premedication was with diazepam 0.15 mg.  kg- ~ PO, glycopyr- 
rolate 3 p.g 'kg -I and morphine 0.075 mg-kg  -~ IM 90 min 
before surgery. On arrival in the operating suite a continuously 
recording monitor of leads II and V5 of the EKG was attached 
(QMED), and either an arterial cannula inserted or an automated 
blood pressure cuff attached (Dinamap). The operating room 
pharmacist supplied the anaesthetist with a blinded syringe 
containing either saline (placebo), esmolol 100 mg or esmolol 
200 mg. After baseline recordings of heart rate (HR), systolic 
and diastolic blood pressures (SBP, DBP) d-tubocurarine 0.04 
mg 'kg  -I and fentanyl 2 ~g.kg -1 were given. Three minutes 
later thiopentone 3-5  mg" kg -t was given over 30 sec followed 
by succinylcholine 1.5 mg" kg- 1 over 10 see, then the study drug 
over 15 see. Intubation was performed 90 sec after the study 
drug and anaesthesia maintained with N20/O2 and enflurane. 
HR, SBP and DBP were recorded at 1 rain intervals for 15 rain 
after intubetion. Data were analysed using analysis of covari- 
ante, with a significance level of P < 0.05. 

Results 
There were seven patients in the placebo group, seven patients 
received esmolol 100 mg and six esmolol 200 mg. Changes in 
HR from baseline are shown in the Figure. At 1 min after 
intubation HR had increased by a mean of 7 bpm in the placebo 
group compared with a mean decrease of  10 bpm in both esmolol 
groups (P < 0.01 ). The latter groups were not different from one 
another. There were no significant differences in SBP at any 
time between groups. The SBP fell 31 --- 4 mmHg (mean _ SEM 
of the 20 patients) below baseline after thiopentone, was 52 -+ 6 
mmHg below baseline before intubation, and rose to 1 • 8 
mmHg above baseline 1 rain after intubation. There were no 
episodes of myocardial ischaemia. 

Discussion 
This study shows that esmolol 100 mg prevents the tachycardia 

Esmolol reduces nitroprusside-indueed tachycardia 
after abdomina ! aortic surgery 
F.E. Ralley, J.G. Ramsay, J.E. Wynands, D.G. Whalley, 
LP. O'Connor, J. Bilodeau 
McGill University 

Myocardial ischaemia in patients undergoing aortic reconstruc- 
tive surgery (ARS) may occur in patients with pre-existing 
coronary artery disease, and can be associated with periopera- 
tire hypertension and tachycardia, t Postoperative hypertension 
can be controlled with sodium nitroprusside (SNP) but this often 
produces reflex tachyeardia. Previously we found that although 
the short-acting beta-blocker esmolol (ESM) was ineffective as 
the sole agent in controlling postoperative hypertension, 2 it 
modified the tachycardia associated with SNP. We wished to 
determine the efficacy ofesmolol vs placebo in controlling SNP 
associated tachycardia following ARS. 

Methods 
With Ethics Committee approval and informed consent, 17 
patients scheduled for ARS were studied, Patients with asthma, 
COPD, cardiac failure or those taking chronic beta blockers 
were excluded. All patients received a standardized premedita- 
tion and anaesthetic. Postoperatively, SNP was started when 
systolic blood pressure (SBP) >140 mmHg. If  the heart rate 
(HR) then increased to >80 bpm, the patient was randomized to 
receive either esmolol or placebo in a double-blind fashion. The 
study drug was given m efficacy or termination of the titration 
period by increasing rates of infusion during three titration 
stages. A bolus of 25 nag of the study drug was given over 30 sec 
at the start of each titration stage, followed by an infusion of 8 

1 I I rag" min- , increasing to 16 rag- rain- and then 24 mg.  rain- at 
5 min intervals until efficacy was reached (defined as a > 10 per 
cent decrease in HR). The rate of infusion at which efficacy was 
reached was maintained for up to 4 his (maintenance). If  
efficacy was not reached by the end of the third stage, the 
infusion was maintained for a further 30 mine then discontinued. 
The SNP infusion was kept constant during the titration stages, 
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was reduced by 50 per cent only in the esmolol group. The 
combination of esmolol and SNP appears to be an effective way 
of treating postoperative hypertension following ARS especially 
in patients where tachycardia already is present, or where reflex 
tachycardia associated with SNP therapy is undesirable. 
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FIGURE Heart rates at study intervals (mean -+ SEM). A = PreSNP; 
B = PreESM; C = At maintenance (M); D = M + 15 rain; E = end 
ofESM inf + 5 rain (E); F, G, H, I = E + 15, 30, 45, 60 rain. 

TABLE Nipride infusion requirements p, g.kg t.min-~ 

Placebo Esmolol 

Prc-esmolol 1.62 -+ 0.5 1.64 -+ 0.4 (NS) 
Pre-maintenanee 1.65 • 0.05 1.62 • 0.8 (NS) 
Maintenance + 15 nun 1.56 "- 0.5 1.76 -+ 0.3 (NS) 

otherwise it was titrated to keep SBP between 130-140 mmHg. 
HR and SBP were recorded before the start of the SNP infusion, 
before the start of  the titration stages, at 1 rain intervals during 
titration and for the first 15 min of maintenance, or for 15 min 
after the third titration stage, at the end of the study drug 
infusion, and at 5, 15, 30, 45 and 60 min post infusion. 
Haemodynamic profiles were measured at preSNP, preESM, 
maintenance + 15 min or maximum infusion rate + 15 rain, on 
discontinuation of the infusion of esmolol and at 60 min 
post-infusion. Data were analyzed with ANOVA for repeated 
measurements. 

Results 
Eight patients received esmolol (Group E) and nine placebo 
(Group P). All patients in Group E but none in Group P reached 
efficacy. The mean time to efficacy in Group E was 4 rain (range 
2 -7  rain). Significant differences in HR are shown in the Figure. 
SNP requirements were unchanged in Group P but decreased in 
Group E during the first 15 rain of maintenance by a mean of 50 
per cent from preESM (Table). By this time SNP was removed 
entirely in three patients in Group E compared with no patients in 
Group P. The SBP was significantly lower in the esmolol group 
at the beginning of maintenance period. There were no other 
significant differences in any haemodynamic variables between 
the two groups. 

Discussion 
Esmolo! was effective in reducing the tachycardia associated 
with SNP therapy. No difference in CO was demonstrated 
between the groups suggesting no negative inotropic effect in 
this patient population. Furthermore the rate of SNP infusion 

Circulatory effects of isoflurane following graded versus 
abrupt  increases in concentration 
K.H. Rogers, J.C. Kay 
University of Toronto 

The haemodynamic effects of potent inhalatinnal anaesthetics 
are traditionally studied at steady state end tidal concentra- 
tions.I'2 It is assumed that anaesthetic effects are dose-related 
and independent of method or rate of administration. This 
assumption was challenged using an acutely instrumented dog 
model which compared abrupt versus graded increases in 
isoflurane eoncen~'ation. 

Methods 
Mongrel dogs were basally anaesthetized with morphine 3 
rag" kg- 1 and nhloralose 100 rag. kg-I, tracheas intubated and 
lungs ventilated. Choralose infusion was maintained at 20 
nag. kg- I .  hr-I. Haemodynamie monitoring consisted of heart 
rate (HR), mean arterial pressure (MAP), thermodilufion cardiac 
output (CO), pulmonary arterial eeelusion pressure (PAOP) and 
left ventricular dP/dt. Thoracotomy was performed to measure 
electromagnetic circumflex coronary artery blood flow (CBFcI~) 
and coronary sinus oxygen saturation (CS02 sA.c). Following 
chest closure, control measurements were made during the basal 
anaesthetic state. Each dog received isoflurane by two different 
methods, graded (G) or abrupt (A), in random order. By method 
G isoflurane concentration was increased by increments (0.4, 
0.8, 1.2, 1.6, 2.0, 2.4 per cent end tidal) with a minimum 10- 
minute equilibration period at each concentration. By method A 
isoflurane was administered to 1.2 per cent end tidal for ten 
minutes and then 2.4 per cent end tidal for an additional ten 
minutes. Isoflurane was measured by continuous infrared 
analysis. Effects of methods G and A were compared at 1.2 and 
2.4 per cent isoflurane. Data was analyzed with ANOVA and 
paired t tests (P < 0.05). 

Results 
Graded administration of isoflurane produced a significant 
increase in HR, CBFci~ and CSO2 sA'r with significant reduc- 
tions in MAP, dP/dt and CVRr CO decreased only at 2.4 per 
cent isoflurane. Abrupt administration of isoflurane to 1.2 per 
cent was associated with significantly greater HR and CBF~I ~ 
and lower C V I ~  compared with graded administration. The 
increase in CO was not significant (P = 0,065). MAP, dP/dt and 
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TABLE Results: mean § SD 

1 2 %  Isoflurane 

N = 9 Control G A 

HR rain 72 -+ 21 80 -~ 18 93 -- 22* 
MAP mmHg 110 -+ 16 81 -+ 17 82 -+ 19 
COL.min -t 2.96-+0.61 2.77---0.60 3.16-+0.69 
dP/dtmmHg.min -I 3148 -+ 850 2315 • 361 2406 -+ 449 
CBF~ ml. rain-~ 43 "4- I1 58 • 20 73 "4- 32* 
CVRgi ~ dync.sec-cm -5 200 -+ 45 114 -+ 50 99 • 52* 
CSO2 so'r% 56.2 -+ 6.9 70.6 "1" 5.0 73.8 -+ 8,0 

2.4% l soflurane 

Y = 9  G A 

HR min 103 --+ 12 101 - 15 
MAP mmHg 55 - l I 50 - 8 
CO L.min -t 2.81_+0.78 2.79_+0.48 
dP/dt mmHg'min -t  1302 " 212 1409 -+ 281 
CBFcI~ ml'min -I 58 --. 26 60 -+ 25 
CVl~i~ dyne.see-em -s 77 • 40 64. _+ 29 
CSO2 sat% 76.5 --- 9.7 78.7 -+ 7.9 

*Significant difference graded versus abrupt. P < 0.05. 

CSO2 sat were similar with both methods. At 2.4 per cent 
isoflurane there were no differences between abrupt and graded 
administration (Table). 

Summary 
This study confirms the potent hacmodynamic and coronary 
vascular effects of isoflurane) "2 lsoflurane vasodilated the 
coronary circulation as shown by both increased CBFr and 
CSO2 sat. The effects of isoflurane differed between abrupt and 
graded administration. Isoflurane given abruptly to 1.2 per cent 
potentiated the increase in HR and CBFclrc , likely as a result of 
increased HR and MVO2. The cause of this exaggerated tachy- 
cardia is not apparent from this study. 

Future studies of isoflurane's circulatory effects should take 
into consideration the effect of rate of administration in addition 
to dose. Tachycardia and increased coronary blood flow are 
potentiated by abrupt administration. From a clinical point of 
view this may be important for the anaesthetic management of 
patients with coronary artery disease. 
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The effect of isoflurane on recovery of stunned 
myocardium 
C.L. Irish, C.D. Mazer 
University o f  Toronto 

Reperfusion after a brief period of coronary artery occlusion 
results in delayed recovery of regional contractile function 
despite the absence of myocardial cell necrosis. This syndrome 
of stunned myocardium may occur in many diverse clinical 
situations in the patient with coronary artery disease. This study 
examines the effect of isoflurane administered odor to reper- 
fusion on the functional recovery of systolic shortening in 
post-ischaemic myocardium in an open-chest dog model. 

Methods 
Six mongrel dogs (21-29 kg) were anaesthetized with intra- 
venous sodium pentobarbitone (30 rag" kg - l ,  bolus plus 2 rag" 
kg- t. hr- l infusion) and fcntanyl (23 p,g' kg- 1 bolus plus I p,g' 

k g - l ' h r  - l  infusion). Through a left thoracotomy, pairs of 
piezoelectric crystals were implanted in the subendocardium in 

the area of the left anterior descending coronary artery (LAD) to 
be stunned, and in the distribution of the circumflex artery 
(CIRC). Systolic shortening (SS) was determined by the 
equation %SS = ((EDL-ESL)/EDL)I00, where EDL equals 
end-diastolic length and ESL equals end-systolic length. All 
values are expressed as percentages of pre-ischaemic baseline 
measurements. To produce an area of stunned myocardinm, the 
LAD distal to the first major diagonal branch was occluded for 
15 minutes and then repeffused for three hours. In three dogs 
isoflurane was administered at a constant end-tidal concentra- 
tion of 1.2 per cent for 20 minutes prior to and during occlusion, 
whereas the remaining three dogs underwent occlusion-reper- 
fusion without isoflurane, lsoflurane was discontinued at the 

TABLE Systolic shortening (%baseline) 

ReperfusWn (rain) 
Occlusion (rain) 
15 15 30 

C1RC Control 84.0 • 18.9 88.7 • 16.0 106.5 • 13,3 
Isoflurane 86.0 • 18.3 92.2 • 12.6 94.3 • 11.7 

LAD Control  -12.9 • 8.5* 33.1 • 26.4* 48.6-+ 26.2* 
Isoflurane +9.1 -+ 8.1t 29.7 + 18.71" 54.6 • 19.9"[" 

Reperfusion (rain) 

60 120 180 

CIRC Control 121.8 "r 24.0 86.5 • 28.3 101.4 - 39.4 
Isoflurane 93.2 - 16.3 83.2 + 16.3 77.0 - 18.6 

LAD Conn'ol 65,2 -+ 15.2" 38,9 -+ 43.9* 48.6 • 42.9* 
lsoflurane 55.6 • 20.6t 61.5 • 11,3f 57.2 -+ 11.St 

*Significant difference between LAD and CIRC in control dogs 
(P < 0.05); mean (SD). 
*Sigttificant difference between LAD and CIRC in isoflurane dogs 
(P < 0.05). 
No significant differences between control and isoflurane dogs in CIRC 
at LAD (P > 0.05). 
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onset of reperfusion to study recovery of function in the absence 
of anaesthetic-induced depression of myocardial contractility. 
To control haemodynamic variables the left atrium was paced 
and the descending aorta was variably occluded with umbilical 
tape. Data were analyzed using repeated measures analysis of 
variance followed by Tukey's test for multiple comparisons 
where appropriate 

Results 
LAD occlusion produced significant decreases in systolic 
shortening in both groups in the LAD area only which persisted 
during reperfusion ("stunned myocardium"). The recovery of 
contractile function was not significantly different between 
those dogs having received isoflurane prior to reperfusion and 
those having received no inhalational agent. Haemodynamic 
changes between groups were minimized and the rate-pressure 
product used as an indirect measure of oxygen demand was 
not significantly different between groups at any point of 
measurement. 

Discussion 
These results do not demonstrate a protective effect of isoflurane 
on the development or recovery of post-ischaemic ventricular 
dysfunction in this model. This is in contrast to the recent report 
of Warltier et al.,t who studied conscious, chronically instrum- 
ented dogs with no basal anaesthetic, and made no attempt to 
control haemodynamic changes. Although isoflurane would 
appear not to have a protective effect in the absence of 
haemodynamic changes in this acute dog model, because of the 
small number of animals studied, further experiments are 
required to support these conclusions. 
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Isoflurane depresses vetrlcular function in stunned 
myocardium 
S.E. Belt, C.D, Mazer 
University of Toronto 

It is well recognized that short periods of coronary artery 
occlusion, while not associated with myocardial necrosis, can 
produce persistent ventricular dysfunction, l Since the effect of 
inhalational anaesthetics on this "stunned myocardium" is 
unknown, this study examined the effect of isoflurane, adminis- 
tered after repeffusion, on regional function and metabolism in 
the canine heart. 

Methods 
Six mongrel dogs (17-30 kg) were anaesthetized with intrave- 
nous sodium pentobarbital (bolus of 30 m g ' k g  -t then 1 
rag'  kg- 1. hr- 1) and fentanyl citrate (bolus of 23 Ixg" kg- i then 
0.8 ~g '  kg -1. hr-t), tracheas intubated and lungs mechanically 
ventilated to maintain normoearbia. The heart was exposed 
through a left thoraetomy, the left anterior descending (LAD) 
artery was dissected free distal to the first major diagonal branch 
and a snare loosely placed. Regional function was evaluated by 
measuring systolic shortening using ultrasonic crystals - one 
pair implanted in an area supplied by the LAD artery and a 
second pair in a "control" area supplied by the circumflex 
(ClRC) artery. Systolic shortening (SS) was determined by the 
equation %SS = ((EDL-ESL)/EDL) x 100 where EDL = 
end-diastolic length and ESL = end-systolic length. Values are 
expressed as a percentage of the baseline value. Heart rate was 
kept constant by atrial pacing and arterial pressure was held near 
control levels by variable cinching of the descending aorta. 
Venous blond samples for oxygen and lactate measurements 
were obtained through small gauge catheters inserted into the 
epicardial veins draining the LAD and CIRC regions. Following 
stabilization and baseline measurements, the LAD was occluded 
for 15 rain and reperfused for 15 min. The effect of two doses of 
isofiurane (0.75 and 1.5 MAC) on stunned and normal myocar- 
dium was measured during the subsequent two hours of 
reperfusion in each animal. Data were analyzed using repeated 
measures analysis of variance and Duncan's multiple range test. 
P < 0.05 was considered significant. 

Results 
Occlusion of the LAD with subsequent reperfusion produced 
decreased systolic shortening (stunned myaeardium) in the LAD 
area (Figure). The administration of isofiurane resulted in 
significant but comparable decreases in systolic shortening in 
both the stunned and normal regions of the heart. Lactate 
extraction was not significantly decreased with isoflurane in 
either area. Lactate production did not occur at any time during 
reperfusion or isoflurane administration. Oxygen extraction was 
not different between the two areas of the heart although the high 
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dose of isoflurane produced a significant decrease in oxygen 
extraction in the stunned area. Mean arterial blood pressure, 
heart rate and left ventriculas end-diastolic pressure did not 
change significantly throughout the experiment. 

Discussion 
These results show that in dysfunctional or stunned myocardi- 
urn, the subsequent administration of isoflurane produces 
further significant decreases in systolic shortening. Although 
this decrease in function is likely to be of greater consequence in 
an already compromised area of the heart, the changes are not 
qualitatively different from the decreases in function produced 
in normal areas of the myocardium. 
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Bolus doses of esmolol for the prevention of post-intubation 
hypertension and tachycardia 
J. Mallon, P. Hew-Wing, E. Hew, D. Kapala 
Department of Anaesthesia, Mount Sinai Hospital, 
University of  Toronto, Toronto, Ontario 

Esmolol, an ultra short-acting (half-life of nine minutes) beta- 
blocking agent with cardioselectivity, has been shown to 
attenunte the sympathetic response to intubation when adminis- 
tered as an infusion prior to induction. This study was designed 
to determine the efficacy and safety of 100 nag and 200 mg 
esmolol vs placebo in preventing intubation-induced hyperten- 
sion and tachycardia when given as bolus doses. 

Methods 
Thirty unpremedicated ASA physical status II or HI patients 
were randomly assigned to receive, in a double-blind fashion, 
placebo (n = 10), esmolol 1(30 mg (n = 12), or esmolol 200 mg 
(n = 8) IV 90 seconds prior to intubation. Systolic and diastolic 
blood pressure and heart rate were recorded every minute for 
three minutes prior to induction and for 15 minutes after intuba- 
tion. Lead II and modified V5 of the EKG were continuously 
recorded by Holter monitoring to detect ST evidence of 
ischaemia and arrhythmias during this period. The standardized 
induction sequence consisted of thiopentone 5 mg" kg -z, suc- 
cinylcholine 1.5 mg .kg  -~ followed by tracheal intubation 
within one minute. The lungs were ventilated with nitrous- 
oxide/oxygen alone (3 + 2 L '  min-I), and the patients were left 
undisturbed for the first five minutes post-intubation. 

Results 
There was no difference in demographic data or baseline 
haemedynamic values among groups. Mean maximum increas- 

es in heart rates and blood pressures were observed within two 
minutes post-intubation in all groups. Mean heart rates post- 
intubation were significantly lower (P < 0.05) in both esmolol 
groups vs placebo for the first three minutes post-intubation. 
Mean maximum heart rates post-intuba~ion were 91 +- 11 bpm 
following esmolol 100 mg (P < 0.01 vs placebo), 88 • 8 bpm 
following esmolo1200 mg (P < 0.001 vs placebo) and 107 • 9 
bpm following placebo. Mean blood pressures (systolic and 
diastolic) post-intubation did not differ among any groups. ST 
evidence of isehaemia was not detected in any patient. Signifi- 
cant ventricular arrhythmias occurred in six of ten patients 
following placebo vs two of 20 patients following esmolol (P < 
0.01 by Fisher exact test). No statistically significant difference 
in any variable was detected between the 100 mg and 200 mg 
esmolol group. 

Discussion 
When given in bolus doses of 100 or 200 nag 90 seconds 
pre-intubadon, esmolol attenuates but does not abolish the 
sympathetic response to intubation. Like others, we found that 
esmoldl attenuates tachycardia but has less clinically significant 
effect on blood pressures. Optimum dosage and timing of bolus 
esmolol prophylaxis warrants further investigation. 

References 
1 Lin PL et aL Esmotot for control of increases in baart rate and 

blood pressure during tracheal intubation after thiopentone and 
succinylcholine. Cart Anaesth Soc J 1986; 33: 556--62. 

2 Ebert J et al. Effect of esmolol on the heart rate and blood pressure 
response during tracheal intubation. Anesthesiology 1985; 63: 
A63, 

Resonance characteristics of pulmonary ar tery 
catheters: is shorter better? 
D.J. Doyle 
University of  Toronto 

Although the clinical use of  invasive pressure measurement 
catheters has become commonplace, a number of technical 
considerations are important in obtaining accurate recordings. 
Such catheter-transducer assemblies are generally well mod- 
elled as an "underdamped, second order dynamic system" 
defined by two variables: the resonant (natural) frequency and 
the damping coefficient, l The resonant frequency "refers to how 
rapidly the system oscillates" while the damping coefficient 
"refers to how quickly the system comes to rest." Studies by 
Gardner ~ and Hunziker 2 have emphasized the importance of 
high resonance frequencies in obtaining accurate recordings in 
such systems. 

The objective of this study was to compare the resonance 
characteristics of 85 and 110 cm pulmonary artery catheters. 
Measurements were obtained by applying a variable frequency 
sine wave pneumatic input from a Bio-Tek model 601A blood 
pressure simnla~r to the catheters under test. As in Hnnziker's 
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TABLE 

Abbott 85 cm Edwards 110 cm 

n 6 5 
Mean resonant freq (Hz) 35.0 27.2 
Standard deviation 7.0"2 4.33 
Range (Hz) 26.7 - 42.6 22.2 - 31.4 

study, a disposable Cobe pressure transducer was used, The 
excitation frequency which provided the maximum signal 
amplitude at the transducer output was taken as the resonant 
frequency, 1,2 Six Abbott 85 cm and five Edwards 110 cm 
pulmonary artery catheters were compared by t test. The results 
are given in the Table. The difference in mean resonance 
frequency is significant at the P < 0.05 level (T = -2.17,  df = 
9), 

Discussion 
Gardner I emphasized that "a major requirement of any catheter- 
transducer recording system is that it have a high natural 
(resonan0 frequency to allow for the largest latitude in damping 
coefficient." This is because the resonant frequency of under- 
damped second order systems cannot be easily increased, while 
the damping coefficient can be increased to improve waveform 
fidelity by using a damping device such as an Accudynam- 
ie(R) 2,3 The results presented here suggest that the shorter 85 
cm pulmonary artery catheters are superior to the 110 cm units 
studied from a resonance frequency perspective. At the clinical 
level, the use of the shorter 85 cm catheters would be expected to 

result in improved waveform fidelity in patients undergoing 
pulmonary artery catheterization. 
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Increased secretion of artrial natriuretic factor (ANT) 
induced by a low dose of fentanyl in humans 
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Plasma concentrations of ANF, a new hormone with vasodila- 
tor, hypotensive and natriuretic properties, were measured in 
three groups of normal subjects between the ages of 18 and 50 
years. All were normotensive and pain-free. Measurements 
were made after 30 minutes at rest in the recumbent position 
(baseline) and at different intervals after an IV bolus of fentanyl 
3 v.g '  kg -t  given in a single-blind fashion. 
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TABLE Effect of fentanyl on C-ANF (Group B, n = 10) 

Time O' 5' 15' 30' 45' 

Mean 6.8 10.8 12.8 10.9 9.1 
SD 4.9 9.7 11.5 7.3 4.8 
% Control 151,4 181.4 172.8 157.2 
SD (%) 52, I 87.4 82.8 102.3 
P value <0.05 <0.05 <0.05 NS 

Group A (Short protocol, ten subjects) 
C-terminal ANF (C-ANF) and N-termlnal ANF (N-ANF) was 
measured at 0 and then at 5 and 15 minutes after a fast bolus 
(<15 seconds) of fentanyl (3 Ixg.kg-I) .  In the six females, 
C-ANF rose from 7.8 (+-2.7) to 11.6 (--.4.3) at 5' and 13.8 
(-+4.7) pmol 'L  - t  at 15'. In the four males, ANF was 7.7 
(-+3.4) a t0 ' ,  8.2 (-+3.9) at5 '  and 13. I (-+4.7) pmol "L -~ at 15'. 
These values represent a comprehensive rise of 30 per cent at 5' 
(P < 0.01) and 76 per cent at 15' (P < 0.001). The response was 
higher in the female group at 5' but identical to males at 15'. 

Group B (Long protocol, 12 subjects) 
C- and N-ANF, haematocrit (Hct), renin activity (FRA), 
aldosterone (ALDO), Norepinephrin (NE) and cyclic GMP 
(cGMP) have been measured at 0, 5, 15, 30, 60, 90 and 120' 
after a slow IV bohis of fentanyl (3 Izg' kg-I)  given over a period 
of one minute. Two subjects developed hypoxia at 15' and were 
eliminated. In two subjects (non-responders), ANF did not rise. 
In eight responders, C- and N-ANF rose and remained high for at 
least 30 minutes (Table). 

In six subjects in whom C-ANF rose more than 100 per cent, 
cGMP increased from 50 to leo per cent confirming biological 
activation of target cells. PRA rose at 15', ALDO varied without 
a definite trend and NE did not change. 

Group C (Control group) 
Six subjects have been studied as in group B but without any 
fentanyl injection. 

In all groups, Hct, blood pressure and heart rate did not 
change significantly. Oa by mask was given and SaO2 monitored 
in group B and C. D5W- 1/2 saline infusions were given at a total 
rate of 3.5 nil. kg -~'ltr  -~ which does not cause fluid over- 
loading or atrial distension. 

In the absence of other known stimalatory factors, it is 
concluded that ANF secretion can be stimulated by a low dose of 
fentanyl and that its plasma concentration remained high for at 
least 30 minutes. 

With higher dosages of fentanyl or with other narcotics, as 
used during anaesthesia, the increased ANF release may 
contribute significantly to the described vasodilation, blood 
pressure stability and Na excretion changes seen with this type 
of anaesthesia. 


