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Abstracts 

Haemodynamic and metabolic changes after aortic 
cross-clamping for thoraco-abdominal aneurysm 
resection 
S.G. Bertram, J.P. Koch, J.D. Dubbin, R. Maggisano, 
R.N. McKenzie 
Sunnybrook Medica l  Centre ,  University o f  Toronto,  

Toronto, Ontario 

During thoraco-abdominal aortic aneurysmectomy, the 
aorta is replaced from the left subclavian artery to the 
aortic bifurcation. We wished to describe the haemody- 
namic events occurring during clamping and unclamping 

of the thoracic aorta and the metabolic changes associated 
with the interruption of organ perfusion beyond the left 
subclavian artery. 

Methods 

We studied I I patients (58-77 years) undergoing thoraco- 
abdominal aortic aneurysm resection without the use of 

cardiopulmonary bypass. All patients had normal left 
ventricular systolic function. No patient had angina. 

Diazepam, fentanyl, pancuronium, air/O2 anaesthesia 
was used, An arterial line, a Swan-Ganz catheter and a 
left double lumen endobronchial tube were inserted. The 
left lung was collapsed to facilitate surgical exposure. 
Immediately prior to the application of the thoracic aortic 
cross-clamp, sodium nitroprusside was infused in an 
attempt to eliminate excessive hypertension at the time of 
cross-clamp. This was continued for the duration of the 
cross-clamp (mean 72 minutes) to maintain systolic 
arterial pressures between 150-200 mmHg. An IV infu- 
sion of five per cent sodium bicarbonate was given to 
achieve a serum b/carbonate of 30-35  nunol .L- ~ prior to 
unclamping of the aorta. 

Results 

Haemodynamic  results (Table I) 
Cross-clamping of the thoracic aorta produced an imme- 
diate increase in mean arterial blood pressure (MAP). 
This reverted hack to preclamp levels with removal of the 
clamp, Mean pulmonary artery pressure (MPAP) in- 
creased significantly with clamp application and this 
increase persisted after removal of the clamp. There was 
no significant change in either systemic vascular resistance 
(SVR) or pulmonary vascular resistance (PVR). Cardiac 
indices (CI) were not affected by clamp application but 
increased significantly after clamp removal. Both the 
central venous (CVP) and pulmonary capillary wedge 

pressures (PCWP) increased with clamp application and 
these changes persisted after clamp removal. 

Metabol ic  results (Table 11) 
An average of 791 mmol of sodium bicarbonate (range 
240-1545 mmol) was infused during the time of cross- 
clamp. Unclamping of the aorta with re-establishment of 
circulation to liver, gut, and kidneys produced an acid 

wash out, resulting in a highly significant drop in pH (p < 
0.001) and plasma bicarbonate. PCO2 rose significantly 

TABLE I Haemodynamic results (mean -+ 2 SEM) 

n = 11 PreClamp PostClamp 

MAP mmHg 98-+9 126• 18t 
MPAP mmHG 21 +-. 3 28 • 7w 
CVP mmHg 10 +- 3 14 • 3* 
PCWP mmHg 15 +- 3 22 +- 4~t 
SVR dynes.see.era -s 1346 • 327 2367 • 1297 f 
PVP, tlynes-sec-cm -~ 76 z 21 76 *- 21 ~ 
Cl L.min -l.m -2 3.0 -+ 0.5 3.0 -+ 1.0 ! 

N = I 1 PreUnclamp PostUnclamp End of Proc. 

MAP mmH 8 120• 14f 103• 11 �82 103-+ 12 �82 
MPAP mmHG 29 -+ 6i" 27 -+ 2~t 31 -+ 5* 
CVP mmHg 16 -+ 3* 15 • 2.~ 18 • 3* 
PCWP mmHg 23 • 4? 21 • 2w 22 -+ 4~: 
SVR dynes.sec.cm -~ 1401 • 3805 1005 �9 173 II 1103 -+ 272 �82 
PVR dynes.sec.cm -~ 72• 62• �82 83• f 
CI L.min-l-m -1 3.7- + 1.0 �82 4.0 --- 0 .7~ 3.8-+0.9�82 

*p < 0.001; ?p < 0.005; :~p < 0.01; w < 0.02; lip < 0.05; �82 

TABLE II Metabolic results (Mean -+ 2 SEM) 

n = 11 PreClamp PostClamp PreUnclamp 

pH 7.41-+0.04 7.44 -+ 0.04~ 7.53 -+ 0.04t 
1~O2 mmHg 33 - 2 32 --- 3w 35 -- 2w 
HCO 3 mmol 'L  - I  21 -+ 2 22 • 3w 32 --- 2* 
Anion Gap 8 -+ 1 8 • 2w 13 -+ 2t 

n = 11 PostUnclamp EndofProc. 6hrsposlop 

pH 7.31 -+0.04* 7.40•167 
PCO: mmHg 49 - 5* 38 -+ 2"[" 
HCO3 mmol.L -1 26• 24~ 1:~ .26 - 2t 
Anion Gap 15-+3 * 14-+ 2* 11-+2w 

*p < 0.001; tp < 0.005; :~p < 0.05; w 
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after unclamping. The anion gap increased during the 
cross-clamp and returned to baseline six hours after the 
end of the operation. 

Discussion 
Major haemodynamic changes can be effectively cur- 
tailed during thoraco-abdominal aortic aneurysm repair 
with aggressive afterload reduction. Bicarbonate loading 
during the cross-clamp, with resulting metabolic alkalo- 
sis can prevent a profound metabolic acidosis from acid 
washout after unclamping. 

Serum catecholamine responses to anaesthetic 
induction with fentanyl and sufentanil 
LR. Thomson, R.J. Hudson, M. Torchia, 
M. Rosenbloom 
Department of Anesthesia, University of Manitoba, 
St. Boniface General Hospital, Winnipeg, Manitoba 

Catecholamine release may influence the haemodynamic 
response to anaesthetic induction with narcotics in pa- 
tients with coronary disease. 1 Previous studies have 
yielded conflicting results regarding serum catechola- 
mine responses to narcotic anaesthesia.~-4 We have noted 
unexplained, potentially deleterious, increases in heart 
rate (HR) and arterial pressure (AP) in occasional patients 
during induction with high-dose fentanyl. 5 Therefore we 
tested the hypothesis that catecholamine release accom- 
panies anaesthetic induction with potent narcotics. 

Methods 
Institutional approval was obtained and all patients gave 
informed consent. Thirty-three patients with preoperative 
left ventricular ejection fraction >0 .50  who underwent 
elective coronary artery surgery participated in a random- 
ized double-blind study. Patients received either fentanyl 
(F) 100 p,g.kg -1 or sufentanil (S) 15 p,g.kg -1. Antianginal 
medications were continued until the time of surgery. 
Premedication was morphine 0.1 mg-kg-i IM and scopol- 
amine 0.006mg.kg -1 IM, 1 h preoperatively. In the 
operating room intravenous, radial arterial and pulmo- 
nary arterial catheters were inserted under local anaesthe- 
sia. Patients breathed 100 per cent O2 by mask for 5 min, 
following which metocurine 0.06 mg-kg- 1 IV was given. 
Two min later anaesthesia was induced with fentanyl 
10 p,g.kg -I .min -I or sufentanil 1.5 p,g-kg -1 -min -I . Fol- 
lowing loss of consciousness metocurine 0.36 mg'kg -1 
IV was given over 2 rain. End-tidal PCO2 was monitored 
and ventilation controlled to maintain normocarbia. 
Arterial CO2 (PaCO2) was measured at C, and after 5 and 
10 min of narcotic infusion. After 10 min of narcotic 
infusion the trachea was intubated. Blood for serum 
epinephrine (E) and norepinephrine (NE) was drawn at 
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TABLE Serum NE - SEM, pg'ml -l (*p -< 0.05 vs C) 

C 2' 4' 6' 8' I0' PI PS 

S 462 515 605 734* 847* 635 611 638 
• ~114 �9 124 • 125 • • 149 • 134 ~201 

F 281 418" 355* 468* 431" 490* 395* 332 
• • • • • • • ~36 

control (C), after 2, 4, 6, 8, 10 min of narcotic infusion, 
1 rain post-intubation (PI) and 1 min post-steruotomy 
(PS). Serum was stored at - 7 0  ~ C until analyzed by high 
pefformaee liquid chromatography and electrochemical 
detection. Catecholamine levels are not normally dis- 
tributed so statistical analysis was performed on log- 
transformed data using analysis of variance (ANOVA). 
Comparisons with control were made by least squares 
means procedure using Bonferroni's correction for 
multiple comparisons. A p-value of - 0 . 0 5  was regarded 
as significant. 

Results 
Seventeen patients received S and 16 received F. Serum E 
was unchanged in either group. Serum NE increased 
significantly with both drugs (p < 0.001) peaking after 
6-10 min of narcotic infusion (Table). The NE response 
to induction did not differ significantly between groups. 
Six patients developed increases in HR > 30 per cent 
during induction, but prior to intubation. In no patient did 
PaCO2 exceed awake levels by > 5  mmHg. 

Discussion 
Our results indicate that endogenous NE release accom- 
panies induction with either F or S. This response may 
prevent hypotension during induction, but occasional 
potentially harmful hypordynamic responses may result. 
Since equipotent doses of  S and F cause similar increases 
in NE it seems likely that opioid receptors participate in 
this response. Differences between our study and others 
which do not demonstrate increases in NE 3'4 may reflect 
differences in anesthetic adjuvants, narcotic dose regi- 
men, and/or duration of mask ventilation. Ongoing 
studies should clarify these issues. 
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hemodynamics and hormonal effects in coronary artery 
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3 Stanley TH et al. Plasma catecholamine and cortisol re- 
sponses to fentanyl-oxygen anesthesia for coronary 
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$70 CANADIAN ANAESTHETISTS' SOCIETY JOURNAL 

and metabolic responses to cardiac surgery. Anesth Analg 
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5 Thomson IR et al. Hyperdynamic cardiovascular responses 
to anesthetic induction with high-dose fentanyl. Anesth 
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Cardiac function during abdominal aortic surgery. 
Preoperative assessment of the need for pulmo- 
nary artery catheterization 
D.M. Ansley, J.M. Bent, J.G. Ramsay, D.G. Whalley, 
J.E. Wynands 
Department of Anaesthesia, McGill University and 
Royal Victoria Hospital, Montrdal, Qudbec 

It has recently been suggested that a poor correlation 
between PCWP and CVP exists in patients undergoing 
coronary artery surgery, in whom the ejection fraction 
(EF) is less than 0.5, when preload is altered, l The 
purpose of this study was to determine whether a 
knowledge of EF is able to predict the correlation between 
PCWP and CVP during aortic surgery when both the 
preload and afterload are altered. 

Methods 
Following hospital approval 23 ASA physical status 
Class II-III patients underwent preoperative MUGA 
scanning to determine EF. Premedications included 
diazepam 0.1 mg-kg-' PO one and one-half hour pre- 
operatively, morphine 0.1 mg.kg -j and scopolamine 
0.005 mg.kg -1 IM one hour preoperatively. After inser- 
tion of a Swan Ganz catheter under local anaesthesia, 
anaesthesia was induced with fentanyl 10 Ixg.kg -I IV 
and thiopentone 1-2 mg'kg-I IV. Muscle relaxation was 
obtained with pancuronium 0.1-0.15 mg.kg -1 IV. An- 
aesthesia was maintained with 70 per cent N20:30 per 
cent O2 and 0.5 per cent to one per cent halothane under 
normocapnic conditions. 

Changes in cardiac filling pressure (preload) were 
induced by -+24 ~ table tilt. Changes in arterial resistance 
(LV afterload) were induced by aortic cross-clamp. CVP 
and PCWP were measured in the horizontal (control), 
- 2 4  ~ positions for the awake, post-induction, pre- 
crossclamp, post-crossclamp and pre-declamp periods. 

Data were analysed as a single population and as 
subgroups of good LV function (LVEF > 0.5): Group I, 
and poor LV function (LVEF < 0.5): Group II. Regres- 
sion analysis and the appropriate paired t-tests were 
performed on all the data. The following relationships 
were explored: (1) CVP and PCWP for each patient pre- 
and post-crossclamp; (2) change in CVP (ACVP) and 
change in PCWP (APCWP) associated with table flit, for 
all patients at each measurement period, and (3) LVEF 
and the results of regression analysis from (1). P < 0.5 = 
statistically significant. 

Results 
Fourteen patients had good ventricular function, nine had 
poor ventricular function. Patients were comparable in all 
other respects. Thirteen of 23 patients failed to show a 
significant relation of CVP and PCWP at some time prior 
to or after aortic cross clamp. In one patient this occurred 
in both periods. 

There was no statistically significant difference be- 
tween slopes of ACVP and APCWP for the awake, 
post-induction, pre-cross damp and post-cross clamp 
periods. For Group I, knowledge of ACVP enabled 
prediction of APCWP _+ 6 mmHg. For Group II, the 
predictability of APCWP form ACVP was as poor as 
-+12.5 mmHg after cross clamping. The regression 
analysis of "r" versus LVEF and slope versus LVEF 
demonstrated a horizontal line (r = 0.5 • 10 -2 to 0.4). 
There was no statistically significant difference between 
slopes pre- and post-erossclamp. 

Discussion 
Preoperative knowledge of the LVEF does not help in 
predicting a relationship between CVP and PCWP in 
patients undergoing aortic surgery. Indeed in 53 per cent 
of our patients there was no significant relationship before 
and/or after crossclamp. When a relationship existed, it 
was not altered by application of aortic erossclamp. 
However, the spread of values that can be calculated by 
the 95 per cent confidence intervals makes prediction of 
PCWP from CVP clinically impractical. Therefore we 
suggest that both CVP and PCWP must be independently 
measured to assess ventricular filling pressures during 
aortic surgery. 

References 
1 Mangano DT. Monitoring pulmonary arterial pressure 

in coronary-artery disease. Anesthesiology 1980, 53: 
364-70. 

Oxygen consumption and carbon dioxide produc- 
tion in patients following open heart surgery 
F.E. galley, F. Carli, J.G. Ramsay, J.E. Wynands 
Department of Anaesthesia, Royal Victoria Hospital and 
McGill University, Montrdal, Qudbec 

Despite attempts to adequately rewarm patients after 
hypothermic cardiopulmonary bypass (CPB), they rou- 
finely arrive in the intensive care unit (ICU) with a 
nasopharyngeal temperature (NPT), ranging from 34- 
36 ~ C. The metabolic changes that occur as a result of 
their subsequent rewarming, such as increased 02 con- 
sumption and CO2 production are undesirable in these 
patients. We wished to measure the actual change in these 
parameters during the first four hours post-CPB, a period 
during which these changes have been suggested to be 
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maximal, and to assess if the rate of rise of NPT or the 
presence of shivering are contributing factors. We also 
wished to assess the value of measuring mixed venous 02 
saturation (S',~O2) as an indicator or the adequacy of tissue 
perfusion during the same period. 

Methods 
Sixteen patients undergoing open heart surgery were 
studied. After premedication with diazepam, morphine 
and scopolamine, routine monitoring lines were inserted 
under local anaesthesia. A fibreoptic, triple lumen, 
pulmonary artery catheter was also inserted for continu- 
ous monitoring of SrcOz. Anaesthesia was induced with 
fentany140 p,g.kg- ~ and pancuronium 0.15 Itg.kg- t, and 
maintained with 100 per cent 02 and isoflurane as 
required. During CPB, patients were cooled to a NPT of 
26-28 ~ C, then rewarmed to 370 C NPT prior to termina- 
tion of CPB. 02 consumption (VO2) was measured using 
the Fick principle and CO2 production (~/CO2) by 
measuring the fractional expiratory CO2 concentration of 
timed, measured collections of expired gases. Both 
measurements were determined at 30 rain intervals from 
90 min (control) to 4 hrs post-termination of CPB, and 
divided by the BSA in an attempt to standardize the 
measurements. A temperature probe was placed in the 
nasopharynx and changes in NPT recorded for each 
30 rain interval. Mean values of each parameter were 
calculated for each time interval. The presence of 
shivering was recorded by the nurse in charge of the 
patient. 

Results 
Four patients in the study were noted to be shivering. 
These patients had more marked changes than the twelve 
patients who did not shiver. By 180 rain post-CPB, ~'O2 
increased maximally to 62 per cent above control values 
and was still 37 per cent above control values by 4 hrs 
(Table). In the group who shivered, the VO2 during the 
first 2 hrs in the ICU was a further 50-60 per cent 
increased compared to the group who did not shiver. By 
4 hrs the ~/O2 was the same in both groups. ~/CO2 showed 
less marked changes, and was virtually constant in the 
non-shivering group, but again was 60-70 per cent 
greater in the shivering group, compared to the non- 
shivering. There was no correlation with VO2 and the rate 
of rise of NPT, nor at what temperature the patient started 
to shiver, although > 85 per cent of patients with "~O2 > 
300 nil.rain -I had a NPT > 36~ The patient with the 
highest VO2 and ~'CO2 was shivering to such a degree 
that he required paneuronium to maintain IPPV. The 
probability of a patient shivering could not be predicted. 

Discussion 
Patients are normally ventilated to normocarbia post 

TABLE Results (mean) 

Minutes post CPB 

90 120 150 180 210 240 

AP 107.4 139.8 1558 179.9 165.6 147.6 
VO2/BSA S 143.0 201.3 220.8 228.6 185.8 145.2 
ml.min-~.m -z NS 96.2 126.2 139.3 157.9 150.7 147.6 

AP 101.9 110.7 -- 105.8 108.5 109.6 
~/O,4"BSA S 136.5 161.3 -- 132.0 124.0 124.0 
ml.min-l.m -2 NS 88.1 88.3 -- 95.2 102.9 107.5 

AP 2,5 2.6 2.8 2.9 2.7 2.7 
C.I. S 2,9 3.2 3.4 3.4 3.2 2.7 
L.m - I  NS 2,3 2.4 2.6 2.7 2.6 2.6 

AP 63.2 63.1 61.5 62.5 61.5 60.5 
S'rr S 54.5 52.0 50.3 54.3 56.3 57.5 
(%) NS 67.1 68.0 66.0 65.8 64.0 61.5 

AP = all patients; S = shivering; NS = non-shivering. 

CPB, but if the metabolic changes that occur during 
rewarming are not identified, this may lead to hypercarbia 
and respiratory acidosis. At the same time ~'O2 is also 
increased and shivering causes a marked further increase. 
This increase may initially be matched by a rise in cardiac 
output; however, when the rise in ~/O2 outstrips the 
ability of this compensatory mechanism, the Sg'O2 begins 
to fall and anerobic metabolism, with the onset of lactate 
acid production and metabolic acidosis, will become 
evident when the S~O2 falls below 50 per cent. The 
temperature at which these increased metabolic demands 
are maximal is unpredictable but they appear to develop 
during the first 4 his post-CPB. Shivering further in- 
creases these demands and it may be advisable to consider 
the use of muscle relaxors in these cases to reduce the 
possibility of both respiratory and metabolic acidosis 
developing at the same time. We believe that continuous 
monitoring of PECO2 and S~O2 may aid to the early 
detection of these metabolic changes as the I~CO2 can 
detect the increased metabolic activity and the ability of 
the system to meet these increased demands is monitored 
by the Sr,,O2. 

A comparative study of continuous and intermittent 
epidural analgesia for labour and delivery 
K.G. Smedstad, D.H. Morison 
Department o f  Anaesthesia, McMaster University, 
Hamilton, Ontario 

Epiduml analgesia administered by intermittent "top-up" 
doses of a local anaesthetic agent through an indwelling 
catheter is routinely used to provide pain relief during 
childbirth. Recently, continuous administration of the 
drug using mechanical infusion pump has gained popu- 
larity. 1,2 
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TABLE I VAS Pain score (0-10) 

Group A (n = 29) Group B (n = 30) 

Before labour 8.6 9.0 
After epidural 1.8 2.9 
At delivery 2.4 3.4 
Labour 1 as assessed 1.4 2.6 
Delivery J next day 1.9 3.6 

This study was undertaken to compare the two methods 
of administration of the same drug in equal doses, with 
regard to efficacy and outcome. 

Methods 
Sixty healthy, primigravid patients aged 18-35, gestation 
>37 weeks, who wished epidural analgesia for labour 
participated in the study after signing informed consent. 
The epidural catheter was inserted at L2-3, when labour 
was well established. All patients received an initial dose 
of 12 ml 0.25 per cent bupivacaine. The patients were 
randomized into two groups: Group A (29 patients) 
received 8 ml 0.25 per cent bupivacaine per hour by 
infusion and Group B (30 patients) received 8 ml 0.25 per 
cent bupivacaine hourly on a p.r.n, basis as determined 
by their nurse. At hourly intervals sensory block was 
assessed using pinprick, and motor block using the 
Bromage scale. Unblocked segments were noted. Pain 
level was scored on a visual analogue vertical scale 
(VAS) before the epidural was inserted, 30 min after 
effective pain relief had been obtained and after the 
delivery. A trained observer interviewed the patient the 
next day and scored the level of satisfaction with pain 
relief for both labour and delivery. Levels of bupivacaine 
in the mother's blood and the baby's cord blood at 
delivery were measured in six patients in each group. 

Results 
The two groups were well matched for age, height, 
weight, gestation and length of labour. The babies' 
weight, Apgar scores and cord blood gases were similar 
in the two groups. The mean height of the sensory block 
was T8 in both groups and the incidence of motor block 
was similar in the two groups. Eleven patients in each 
group recorded missed segments at some time during 
labour. VAS pain scores are shown in Table 1. Before 
labour both groups scored pain in the 8 -9  level on a 
vertical scale of 0 (no pain) to 10 (worst pain I've ever 
experienced). Group A scored consistently lower than 
Group B after the epidural both during labour and at 
delivery; however, the difference was not statistically 
significant (p = 0.06). 

The mode of delivery in each group is shown in Table 
11. The number of C-Sections was the same in each group. 
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TABLE II Mode of delivery 

Group A (n = 29) Group B (n = 30) 

Vaginal delivery 6 15 
Outlet forceps 12 6 
High forceps 3 1 
C-section 8 8 

TABLE 111 Bupivacaine blood levels (mean - SD) 

Group A (n = 6) Group B (n = 6) 

Maternal (ng.L -~) 770 -+ 220 1427 -+ 765 
Cord (ng.L -~) 155 --+ 94 272 - 184 

However, in Group A more patients required outlet 
forceps than in Group B. The mean amount of bupiva- 
caine administered was significantly larger in Group A 
(165 mg --+ 74) than in Group B (88.5 mg • 53) (p < 
0.001). Table Ill shows the mean (--- S.D.) blood levels 
of bupivacaine. Even though Group A received nearly 
twice as much bupivacaine as Group B the maternal and 
cord blood levels at delivery tended to be lower but the 
difference was not statistically significant. 

References 
1 TaylorHJC. Clinical experience with continuous epidural 

infusion of bupivaealne at 6 ml per hour in obstetrics. 
Can Anaesth Soc J 1983; 30: 277-85. 
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Warming intravenous fluids and the incidence of 
shivering during Caesarean sections under epidural 
anaesthesia 
S.M. MeCarroll, P. Cartwright, S.K. Weeks, F. Donati 
Department of  Anaesthesia, Royal  Victoria Hospital, 
Montrdal, Quebec 

Shivering is a common side-effect of epidural anaesthesia 
for Caesarean section. It is distressing to the patient, 
interferes with monitoring and causes a rise in oxygen 
consumption. This study was designed to assess the effect 
of wanning the intravenous fluids on the incidence of 
shivering and to determine if shivering is related to 
changes in body temperature. 

Methods 
Forty patients receiving epidural anaesthesia for elective 
Caesarean section were studied, after giving informed 
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consent. An epidural catheter was inserted into the 
lumbar epidural space. Then two litres of normal saline 
were infused intravenously over the next 20 minutes. 
Patients were randomly assigned to receive either warm 
(34 ~ C) or unwarmed (room temperature) fluids. Carbon- 
ated lidocaine, two per cent, was injected into the 
epidural space in small increments, starting ten minutes 
after the start of the infusion. Core and skin temperatures 

were measured with probes in an aural canal and at four 
skin sites (calf, thigh, upper arm and lateral chest). 
Measurements were made prior to the infusion of the 
intraveneous fluids and at ten-minute intervals thereafter. 
Mean skin and mean body temperatures were calculated 
using Holdcroft's method.l The patients were assessed 
for shivering by an observer who was blind to the type of 
fluid administered. Shivering was scored on a scale 0-3 
(0 - no shivering, 1 - mild, 2 - moderate and 3 - severe 
shivering). 

Results 
The overall incidence of shivering was 45 per cent. It was 
55 per cent in patients receiving warmed fluids and 35 per 
cent in those receiving unwarmed fluids. Of the warmed 
patients, three of twenty, 15 per cent, had severe 
shivering. Five of 20, 25 per cent, of the unwarmed 
patients had severe shivering. There were no patients 
shivering at time zero. The onset of shivering coincided 
with the start of the epidural injection (Table I). Patients 
in both the warmed and unwarmed groups showed a fall in 
core temperature and a rise in mean skin temperature 
(Table II). Those who received warmed fluids maintained 
a higher mean body temperature, although this was not 
statistically significant. Both the shivering and the non- 
shivering groups showed a fall in core temperature. The 
patients who shivered had a higher core temperature at 
time zero (37.5 + 0.1 ~ C vs 37.2 -+ 0.06~ C; p = 0.013). 
During the first 20 minutes, core temperature fell by 0.7 
in patients who shivered and by 0.6~ in those who did 
not. The difference was not statistically significant. 

Discussion 
Warming the intravenous fluids has no protective effect 
on the incidence of shivering during Caesarean section 
under epidural anaesthesia. It does not prevent a fall in 
core temperature. Although shivering is a phenomenon 
that occurs in response to cold, it may be modulated by 
other factors such as apprehension and the presence of 

TABLE I Time of onset of shivering 

Time(rains) 0 0-10 10-20 20-30 30--40 40-50 

No. of 
patients 0 3 13 1 1 0 

TABLE II Temperatures ~ (mean ~ SEM) 

Tirae (mlns~ 0 I0 20 30 40 

Warmed 

Care 37,4+-0.1 37.2+-0.06 37.0-*0.06 36.9+-0.08 36.7+-0.1 
Meanskin 33.7-+0.2 34,1-+0.3 34.1-+0.2 M.3+-0.2 24.7-+0.2 

Memlbody 36.2•  36.1-+0,2 36.0-.x0,15 36,0+-0.16 36.0+-014 

Unwarmed 
Core 37.3+-0.08 37.0+-0.06 36,6•  36.5• 36.4• 

Mean skin 33.5 +- 0.2 33.,* -+ 0.7 33.7 + 0.25 33.8 z 0.25 34.2 • 0.24 
Meanbody 36.0--0.16 35.8-*0.4 35,6-*O,16 35,6-~0,15 35,6~0.15 

cold solution in the epidural space. 2 This study is 
consistent with the hypothesis that patients who are 
predisposed to shivering need to maintain a higher core 
temperature. 
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1 Holdcrofi A, Halt GM, Cooper GM. Redistribution of body 
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Reflex bronchodilatation induced by laryngeal 
stimulation in humans 
M.C. Miehoud, R. Amyot, A. Jeanneret-Grosjean, 
J. Couture 
Hrtel-Dieu de Momr#al, Universit~ de Montreal, 
Montreal Quebec 

Recent work has shown that in cats laryngeal stimulation 
reflexly evokes non-adrenergic, non-cholinergic bron- 
chodilatation.] The aim of this study was to estabish if the 
same reflex can be demonstrated in humans. Subjects 
were premedicated with 80 p,g of inhaled ipratropium 
bromide, 0.6 mg IV atropine and 10 mg IV propranolol. 
A flexible 6 nun bronchoseope was introduced via a 
nostril and positioned just above the epiglottis with a 
direct view of the vocal cords. Lung resistance (RL) was 
measured before and after the introduction of the bron- 
choscope by the technique of Amdur and Mead. The 
subjects then inhaled a histamine aerosol producing an 
increase in RL of 423 --+ 196 per cent (mean ---+ SD) of 
control. The larynx was then mechanically irritated by a 
standard bronchoscopy brush introduced through the 
channel of the bronchoscope while RL was continuously 
recorded. One minute after the laryngeal stimulation, the 
bronchoscope was withdrawn and measurements of RL 
continued for 10mix. The results of 15 experiments 
performed in four subjects showed that following laryn- 
geal stimulation, RL decreased from 423 -+ 196 per cent 
of control to 265 -+ 117 per cent (p < 0.001). This 
decrease in RL was independent of the slight cough 
produced by laryngeal irritation (two subjects). 
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The adequacy of beta-adrenergic blockade was exam- 
ined in one subject. The increase in pulse (25 beats/min) 
and inpulse pressure (30mmHg) produced by 16ng. 
kg -~.min- ' of isoproterenol IV was completely abolished 
by 10 mg IV propranolol. The adequacy of the cholinergic 
blockade was checked in two subjects. An RL increase of 
400 and 275 per cent of control respectively with inhaled 
methacholine was completely abolished by atropine 
0.6 mg IV and 80 I~g IV of inhaled ipratropium bromide. 
In two subjects, the bronchodilatation was abolished by a 
block of the superior laryngeal nerves and direct applica- 
tions of local anaesthesia of the vocal cords with a mixture 
of lidocaine one per cent and bupivacaine 0.5 per cent. 
These results suggest that the bronchodilatation is neither 
cholinergic nor adrenergic in nature but reflex in origin. 
The afferent pathway of this reflex is the superior 
laryngeal nerve. 

The importance of this reflex bronchodilatation during 
intubation remains to be established. 

Supported by the Quebec Lung Association and the 
Medical Research Council. 
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FIGURE 1 Correlation between OCB and duration of 
weaning. 

again during spontaneous ventilation, the difference 
between the two values is the OCB. Two measurements 
of OCB were made within four hours of each other and the 
results averaged. 

Usefulness of the oxygen cost of breathing as an index 
of weaning ability from mechanical ventilation 
N.J. McDonald, P. Lavelle, R.P. Harpin, W.N. 
Gallacher, J.P. Baker 
Intensive Care Unit Toronto Western Hospital, Toronto, 
Ontario 

The spontaneous ventilatory measurements used to deter- 
mine the ability of a patient to wean from mechanical 
ventilation do not aid in predicting its duration and 
eventual outcome. 

In this study we explore the relationship between the 
oxygen cost of breathing (OCB) and the derived variable 
the oxygen cost of breathing as a percentage of total 
oxygen consumption during spontaneous ventilation 
(OCB/VO2 SV per cent) and weaning ability. 

Methods 
Thirty patients (14 males and 16 females) recovering 
from a critical illness who had required mechanical 
ventilation for at least 24 hours were studied. All patients 
were awake, haemodynamically stable and well oxygen- 
ated with an FIO2 of less than 50 per cent. 

At the start of weaning forced vital capacity (FVC), 
negative inspiratory force (NIF) and PaO2/FIO2 ratio 
were measured. Using indirect calorimetry, oxygen con- 
sumption was measured during controlled ventilation and 

Results 
Two patients failed weaning; a 69-year-old COPD man 
with an OCB of 33.4 per cent died 43 days after the start 
of weaning from a cardiac arrest. A 52-year-old respira- 
tory cripple with an OCB of 27.5 per cent remains 
ventilator dependent 240 days after the commencement of 
weaning. 

Two patients required reintubation within 48 hours of 
extubation - one because of severe cardiogenic shock 
secondary to myocardial infarction and the other because 
of congestive cardiac failure. The latter patient died three 
days later. One patient died two days after extubation, 
from a cardiac arrest. 

There was a significant exponential correlation be- 
tween the OCB and the OCB/VO2 SV per cent and the 
duration of weaning (Figures 1 and 2). FVC, NIF, PaOJ 
FrO2 did not correlate with the duration of weaning. 

Discussion 
Many criteria incorporating tests of mechanical capability 
and tests of oxygenating capability have been proposed as 
indices of weaning ability 2 but these have not been found 
useful in judging the ability of patients to wean from 
prolonged mechanical ventilation, l 

The explanation for the usefulness of the OCB as an 
index of weaning ability may be in the fact that many 
factors both ventilatory and non-ventilatory can increase 
the OCB in critically ill patients. We have shown in our 



A B S T R A C T S  $75 

Z n- 
W 

[] 

tfl 

L-tI~ 

2 ~  

/ 
O*ys = 0 ,5)  e ' l /  

/ 

[ ]  m m 

OC~fV~V~ 

FIGURE 2 Correlation between OCB/VO2 SV per cent and 
duration of weaning. 

study that OCB correlated closely with the duration of 
weaning. 
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Effects of succinylcholine on residual non-depolariz- 
ing neuromuscular blockade 
J.B. Kitts, L.J. Veilleux, R. MeBurney, R. Martineau 
Department of Anaesthesia, University of Ottawa, 
Ottawa, Ontario 

A small dose of a non-depolarizing muscle relaxant is 
commonly used to prevent succinylcholine (Sch) induced 
fasciculations. However, this drug interaction delays the 
onset of action and decreases the potency and duration of 
action ofSch. J A similar interaction may occur during the 
recovery phase of neuromuscular block induced by a 
non-depolarizing muscle relaxant when giving Sch to 
facilitate abdominal closure towards the end of a surgical 
procedure. This drug combination is controversial be- 
cause of its unpredictable effects. 2 This study was 
undertaken to observe the effect of Sch when adminis- 
tered during partial recovery of neuromuscular blockade 
induced with atraeurium. 

with informed consent, 20 ASA physical status class I and 
II patients undergoing elective surgery, with the excep- 
tion of eye surgery, were randomly assigned to one of two 
groups. Group 1 served as the control while group II 

represented the study group. Premedication with mor- 
phine 0.15mg'kg -1 IM was given one hour prior to 
surgery. Atracurium 0.05 mg.kg-l was given to prevent 
fasciculations. Anaesthesia was induced with thiopen- 
tone 3-7 mg-kg -j and Sch 1-1.5 mg-kg -I was given to 
facilitate endotracheal intubation. Anaesthesia was main- 
tained with 02 40 per cent in N20 and isoflurane 0.7 per 
cent end-tidal concentration, as measured by a Datex 
Anesthetic Gas Monitor, and supplemented with fentanyl 
as required. Temperature was monitored and ventilation 
was controlled to maintain end-tidal CO2 concentration 
between 35 and 40 mmHg. Neuromuscular blockade was 
monitored using integrated evoked electromyographic 
(IEEMG) response with the Datex monitor. 

Once steady state anaesthesia was attained and the 
single twitch (T1) completely recovered from the effects 
of Sch used at induction (minimum of twenty minutes), 
the IEEMG was calibrated at 100 per cent, Thereafter, the 
T1 response to supramaximal stimulation of the ulnar 
nerve was monitored at 20-second intervals. A non- 
depolarizing neuromuscular block was established with 
atracurium 0.15 mg-kg -t. Once TI recovered spontane- 
ously to 25 per cent of its initial value, patients in group 11 
were given Sch 0.5mg-k8 -l while those in group l 
received normal saline. Changes in T1 were compared 
between the two groups as was the time for recovery of T I 
to 75 per cent (T25-75 per cent) of its initial value. 

The data were analysed using the Behrens-Fisher 
distribution of the "t" test. A p value <0.05 was con- 
sidered significant. 

Results 
A summary of results is shown in the Table. After ad- 
ministration of Sch, the TI recovered rapidly, reaching 
its maximum change from 25 per cent to a mean of 55.8 
per cent within 160 seconds. The control group recovered 
to a mean of 33.8 per cent in the same time interval. This 
difference was statistically significant with a p value less 
than 0.005. The recovery time of T1 to 75 per cent of its 

TABLE Results (mean -+ SD) 

Change in T1 (%) Time for recovery (s) 
at 160 secs (1"25%-75%) 

Group I 8.8 • 2.29 748 • 114 
Group II 30.8 + 8.87"I" 610 + 190" 

Methods *p < 0.05 when compared to control. 
After approval by the hospital research committee and tp < 0.005 when compared to control. 
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initial value was also shorter (p < 0.05) in group II (610 
seconds) compared to the control group (748 seconds). 
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Discussion 
This study demonstrates a consistent paradoxical effect of 50- 
Sch when administered to patients in whom a depression 45 I 
of the T1 to 25 per cent of its initial value is induced with 
atracurium, Although the time to recovery of the single / 
twitch to 75 per cent was also shortened, we cannot ~ 40 
conclude this effect to be the result of steeper recovery ~ 35. 
slope as has been suggested. 3 

The precise mechanism of action for this paradoxical 
effect is unknown but may be speculated upon based on 30- 
current theories of neuromuscular junction physiology. 
Sch may bind to the post-junctional receptor causing 25- 
transient opening of the channel, or may bind to and 
stimulate the pre-junctional receptor causing increased 20- 
mobilization and release of acetylcholine, or it may even 
occupy the acetylcholinesterase receptor in a manner 
similar to an anticholinesterase. 
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Single breath end-tidal PCO2 approximates arterial 
PCO2 in infants and children 
B. Bissonnette, J. Lerman 
Department of Anaesthesia, The Hospital for Sick 
Children, Toronto, Ontario 

End-tidal gas sampling is used to assess the adequacy of 
alveolar ventilation and anaesthetic gas concentrations in 
paediatrie anaesthesia. However, end-tidal gas sampling 
is useful only if it approximates the arterial values. ~-3 To 
determine if end-tidal gas sampling is useful in paediat- 
rics, end-tidal and arterial values for PCO2 were com- 
pared in infants and children during general anaesthesia. 

Methods 
With approval from the Human Review Committee, 68 
healthy infants and children scheduled for surgery requir- 
ing tracheal intubation were studied. All infants and 
children were mechanically ventilated through an Ayre's 
t-piece. The total fresh gas flow was 2.5 to 3.0 times the 
alveolar ventilation. Positive end-expiratory pressure was 
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FIGURE Correlation of arterial PCO2 with end-tidal PCO2. 

avoided. After ventilation was controlled for 15 minutes, 
a single breath end-tidal gas sample was obtained as 
follows: a #23 gauge needle was inserted through the 
wall of the endotracheal tube immediately below the 
connector. During the next tidal volume, the fresh gas 
line was disconnected from the anaesthetic machine at 
peak inspiration. During the same breath, 3-4  ml of 
expiratory gas were aspirated through the needle into a 
5 ml plastic syringe at end-expiration. An arterial blood 
sample was then obtained from an in-dwelling arterial 
eannula or through a percutaneous arterial puncture. Both 
end-tidal gas and arterial blood samples were analyzed in 
a Coming | blood/gas analyzer (Model 175). After 
inserting the end-tidal gas sample into the Coming | 
analyzer, the "reset" button was pushed twice to flush the 
sample chamber. The blood/gas analyzer was calibrated 
dally with standard solutions. The end-tidal and arterial 
PCO2 values were plotted on a linear scale. Least squares 
linear regression analysis (and the coefficient of determi- 
nation, r 2) were used to correlate end-tidal and arterial 
PC02 values. 

Results 
The mean (+-- SD) age and weight for the 68 children were 
6.4 -+ 5.1 years and 18.4 -+ 16.3 kg. The mean (-+ SD) 
end-tidal and arterial PCO2 values were 33.6 --+ 6.9 
mmHg and 33.6 --- 5.6, respectively. The end-tidal PCO2 
correlated very closely with the arterial PCO2 (r 2 = 0.97) 
(Figure). 
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Discussion 
Single breath end-tidal PCO2 measurements accurately 
approximate the arterial PCO2 values in infants and 
children who are mechanically ventilated with a partial 
rebreathing circuit. Previous studies have suggested that 
continuous gas sampling in paediatric patients may not 
accurately approximate the arterial gas tensions) To 
minimize inaccuracies in continuous end-tidal gas sam- 
pling, we recommend the use of single breath end-tidal 
gas sampling for easy, accurate, and non-invasive PCO2 
monitoring in infants and children. 
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Increasing carbon dioxide tension during 
emergence - how safe is your approach? 
G. Lim, D.C. Chung 
Department of Anaesthesia, University of Western 
Ontario, London, Ontario 

A mild degree of hypocapnia is usually induced during 
the maintenance phase of anaesthesia, when controlled 
ventilation is used in conjunction with a muscle relaxant. 
During emergence it is often necessary to increase the 
patient's arterial CO2 tension to a level compatible with 
the return of spontaneous respiration. A survey done 
locally revealed that there are at least four approaches to 
this practice: (1) by flushing the circuit with a large fresh 
gas flow of 02 but leaving the patient apnoeic, (2) by 
flushing the circuit with a large fresh gas flow of 02 and 
ventilating the lungs for a few breaths before leaving the 
patient apnoeic, (3) by leaving the inflow of OJN20 
mixture used during the anaesthetic unchanged with the 
patient apnoeic and ventilating the lungs manually on 
occasion only, and (4) by flushing the circuit with a small 
fresh gas flow of 02 only but ventilating the lungs 
continuously. This study was carried out to determine if 
there are any differences in the state of oxygenation of the 
patients and to follow the rise in end-tidal CO2 tension 
during these procedures. 

Methods 
Twenty ASA physical status class I patients were ran- 
domly divided into four equal groups at the end of an 
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O2/N20/relaxant/controlled ventilation anaesthetic using 
the Bain circuit, during which the end-tidal CO2 tension 
was reduced to about 30 mmHg. The fresh gas used was 
66 per cent N20 in O2 flowing at approximately 70 
ml.kg- t.min- ~; the tidal volume and rate were set at 10 to 
12 ml.kg -l and 10 to 12 breaths/min respectively; anaes- 
thesia was supplemented with a volatile agent and a 
narcotic analgesic as necessary. During emergence those 
in group I were allowed to remain apnoeic with 02 only 
flowing into the circuit at 6L 'min-I ;  those in group 1I 
were ventilated for 30 sec with 02 only flowing into the 
circuit at 6 L.min-~ and then allowed to remain apnoeic; 
those in group [ ]  were allowed to remain apnoeic with the 
fresh gas flow of N20 in O2 unchanged; those in group IV 
were ventilated but the fresh gas was changed to 02 only 
flowing at 15 ml'kg-Lmin -t .  All patients were monitored 
by ear oximeter (Biox III) and end-tidal capnography 
(Hewlett-Packard 47210A). Oxygen saturation was re- 
corded at 30 sec intervals for ten minutes before the lungs 
were ventilated again with 02 if 02 saturation remained 
above 90 per cent; but the lungs were ventilated immedi- 
ately with pure Oz if 02 saturation fell to 90 per cent. In 
the first three groups of patients, end-tidal CO2 tensions 
were noted immediately before and immediately after the 
apnoeic period; in the fourth group of patients, end-tidal 
CO2 tensons were recorded at 30-sec intervals. 

Results 
Mean ( -SD)  oxygen saturation readings of the four 
groups of patients at the beginning of emergence were 
98.6(---2.1), 98.4(--- 1.3), 97.6(• and 98.0(• 1.9) 
per cent respectively. Among group I patients, 02 
saturation remained at pre-apnoeic levels in four but fell 
from 99 to 94 per cent by the end of the apnoeic period in 
one. Among group II patients it remained at pre-apnoeic 
levels in three, fell by one per cent by the end of the 
apnoeic period in one, and fell from 98 to 94 per cent in 
another. Among group HI patients 02 saturation fell to 90 
per cent within 2.5 to 6.5 min after the onset of apnoea in 
all five. Among group IV patients O2 saturation did not 
decline in four and fell by only one per cent in one. Mean 
(• end-tidal CO2 tensions of the four groups were 
30.4(+-1.1), 30.4(• 30.6(• and 29.8(-+0.5) 
mmHg respectively at the start of the study. They were 
58.0(• 52.0(• 2.5), and 50.6(---0.9) mmHg respec- 
tively in groups, I, II, and IV at the end of the 10min 
period. In group II/patients, apnoea was interrupted at 
various intervals after its onset and mean end-tidal C02 
tension of the group at the end of apnoea was not 
calculated. 

Discussion 
Although the number in each group is small, our results 
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have shown that certain methods of increasing arterial 
CO~z tension are potentially unsafe and further investiga- 
tion is warranted. Leaving the fresh gas flow of O2/N20 
unchanged and the patient apnoeic at the same time has 
the smallest margin of safety; large falls in O2 saturation 
can occur early on without observable cyanosis. Occa- 
sional manual ventilation will slow this fall, but reliance 
should not be placed upon it because the anaesthetist can 
easily be distracted by other chores. Flushing the circuit 
with a large fresh gas flow of 02 and allowing the patient 
to be apnoeic at the same time, carried out either with or 
without first ventilating the lungs with 02, also cannot be 
condoned because one of five patients in each of groups 1 
and II still had a four to five per cent fail in 02 saturation 
by 10min after the onset of apnoea. The only safe 
approach is to continue ventilation of the lungs but 
maximize rebreathing by using a low fresh gas flow of O2 
only. This method guarantees optimum oxygenation and 
allows the end-tidal CO2 tension to rise at a rate 
comparable to apnoea. We have shown that an O2 fresh 
gas flow of 15 ml.kg-l.min -t will allow the end-tidal 
CO2 tension to rise to a level compatible with return of 
spontaneous respiration during emergence. 

Decreasing the toxic potential of intravenous regional 
anaesthesia: Bier's block revisited 
G. Plourde, J.F. Hardy, P.P. Bah'y, L. Tardif 
Maisonneuve.Rosemont Hospital, Montrdal, Quebec 

The main complications associated with intravenous 
regional anaesthesia result from the sudden introduction 
of a toxic amount of local anaesthetic (LA) into the 
systemic circulation. To minimize the impact of such 

l occurrence one must use a LA of low toxicity. This paper 
focuses on another approach: reducing the amount of LA 
required to perform the block either by reducing the 
volume (e.g. forearm tourniquet) or by decreasing the 
concentration of LA. We attempted to answer the 
following: (1) What is the volume required to fill the 
forearm venous system without causing any leakage? 
Despite mention of possible difficulties related to interos- 
seous arterial configuration, 2 a forearm tourniquet has 
been used successfully. 3 (2) Using the above volume, 
what is the minimal effective concentration of lidoeaine? 
While a 0.5 per cent solution provides reliable anaesthes- 
ia 2'3 and a 0.25 per cent solution does not, 4 a 0.375 per 
cent solution has not been evaluated. 

Methods 
Informed consent was obtained from all subjects. 

Volume determination 
Twelve healthy volunteers (members of our department, 

6M, 6F) participated. A 20 g teflon catheter was inserted 
in a dorsal vein of the hand and used for injection of 
contrast material (Hexadfix'M). A similar canula was 
inserted in the ipsilateral radial vein for pressure record- 
ing during the injection. After placement of an 8 cm 
surgical cuff I cm below the elbow, the forearm was 
exsanguinated with an Esmareh bandage and the cuff 
inflated 100mmHg above systolic blood pressure. The 
injection of contrast medium was then started at a rate not 
exceeding 0.5 ml'see -t , under constant fluoroscopic 
control and videotaped. The injection was stopped when 
the radiologist judged the venous system full. 

Concentration determination 
Twelve healthy volunteers (6M, 6F, 9 of whom were 
enrolled in the first study) participated. A venous block 
was performed, using the technique above, except that ( I ) 
only one canula was inserted, on the dorsum of the hand; 
(2) the volume injected was based on angiographic 
findings (see results); (3) the solution injected consisted 
of lidocaine 0.5, 0.375 or 0.25 per cent administered in a 
double-blind, pseudo-randomized order, such that each 
concentration was used twice for each sex. Neurologic 
assessments 4 were carried out at 2, 5, 10, 15 and 20 
minutes after the end of injection. 

Results 

Volume determination 
(1) Volume. Final filling volumes were determined by 
independent review of videotapes by two investigators 
using standardized criteria. These volumes (mean = 
17.67 mL SD = 4.29) correlated significantly (p < 0.01) 
with body weight (r = 0.7 I), height (r = 0.73), volume of 
forearm (r = 0.79) and length of forearm (r = 0.81). 
Since weight is most convenient, the following equation 
(linear regression) was used to compute the volume of LA 
solution: vol = 0.281 x weight + 3.31 (in ml and kg). (2) 
Filling pattern. A fairly constant pattern emerged. The 
veins immediately below the cuff were the first to be filled, 
followed by the palmar arcade and digital veins. Veins of 
the distal forearm and proximal hand filled last. We 
observed no leak of contrast medium nor congestion of 
the limb. Pressure recordings showed a poor correlation 
with the volume injected. 

Concentration determination 
Satisfactory analgesia, based on subjective evaluation at 
15 minutes by the same investigator, was attained in all 
patients of the 0.5 per cent group but in only two of the 
four patients of the 0.375 per cent group and in only two 
of the four patients receiving the 0.25 per cent solution. 
All patients with satisfactory analgesia had complete loss 
of pinprick sensation at 15 min or less. Congestion of the 



ABSTRACTS $79 

forearm was noted in two (male) patients immediately 
following forearm movments requested for motor testing. 

Conclusions 
(1) For a venous block with a forearm tourniquet, the 
volume required to fill the venous system is vol = 0.281 
x weight + 3.31 (in ml and kg), or approximately 15 to 
20 ml for an adult. (2) This volume of lidocaine 0.5 per 
cent provides satisfactory analgesia. More dilute solu- 
tions are inadequate. (3) The amount of lidocaine thus 
administered does not exceed the IV toxic dose, minimiz- 
ing the danger secondary to premature cuff deflation. (4) 
Filling of the venous system is segmental and discontinu- 
ous because fluid progression requires pressure induced 
venous valves dysfunction. Accordingly, pressure re- 
cording does not reflect whole limb filling. Finally, the 
risk of limb congestion appears to be significant with 
forearm tourniquet, especially if there is movement of the 
limb. 
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The effects of isoflurane or nitrous oxide on cerebral 
blood volume in the dog 
P. Labrecque, D.P. Archer, J. Tyler, E. Meyer, D. Trop 
Department of Anaesthesia, Montreal Neurological 
Institute, Montreal, Quebec 

A current controversy in neuroanaesthesia concerns the 
safety with which nitrous oxide (N20) and isoflurane 
(ISO), alone or in combination may be administered to 
patients with intracranial hypertension. Some authors 
assert that the vasodilation produced by these drugs is 
minimal, ~ while others feel that the vasodilating effects 
are important, producing dangerous increases in ICP, 2 
particularly when these agents are used together. 3 

The present experiments were undertaken to study the 
effects of clinically relevant concentrations of N20 and 
ISO, alone or in combination, on cerebral blood volume 
(CBV) in the dog. In addition, we sought to determine 
whether hypocapnia produced after the introduction of 
1.0MAC ISO + 0.5MAC N20 would significantly 
decrease CBV. 

Methods 
Eight unmedicated, fasted mongrel dogs (18-22kg) 
were studied. Induction of anaesthesia was performed 

FIGURE Cerebral blood volume with isoflurane and/or 
nitrous oxide. 

with intravenous thiopentone 7mg.kg -~ and fentanyl 
12 izg.kg -I. Following endotracheal intubation, a fen- 
tanyl infusion (2.4 o,g-kg-l-hr -1) was maintained. Con- 
trolled ventilation with 100 per cent 02 at normocarbia 
was facilitated with pancuronium as required. All skin 
wounds were carefully infiltrated with 0.25 per cent 
bupivacaine prior to closure. 

Following in vivo labelling of red cells by inhalation of 
11CO, CBV was measured by positron emission tomogra- 
phy using the method validated by Phelps et al. 4 

CBV, mean arterial pressure, end-tidal 1SO, and 
PaCO2 were measured serially under anaesthesia condi- 
tions in the following sequence: Baseline 1 (90 rain after 
induction of anaesthesia), N20 50 per cent (after 15 min 
exposure), Baseline 2 (after 15 min washout N20), ISO 2 
per cent (1.5 MAC), ISO 1.3 per cent (1.0MAC), ISO 
1.3 per cent + N20 50 per cent (1.5 MAC total), ISO + 
N20 (1.5 MAC total) with PaCO2 reduced to 24 mmHg. 
Blood pressure was maintained within ten per cent of 
control levels with a phenylephrine infusion. Control and 
experimental measurements of CBV were compared 
using a paired t-test with Bonferroni's modification for 
multiple comparisons where appropriate. 

Results 
Technical difficulties precluded the use of CBV values 
from all eight dogs under each anaesthetic condition. 
CBV under Baseline 1 conditions was 6.1 ml/100 g brain 
tissue. (Figure). N20 50 per cent caused a 13 per cent 
increase (p < 0.02, n = 6) in CBV which was reversed 
when the N20 was washed out (Baseline 2). Administra- 
tion of ISO 2 per cent caused a 32 per cent increase in 
CBV (p < 0.01, n = 7), which decreased (p < 0.02, n = 
7) when ISO was reduced to 1.3 per cent. At an 
anaesthetic level of 1.5 MAC, CBV with the combination 
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of ISO and N20 was not statistically different from values 
obtained with ISO alone (n = 6). Acute hyperventilation 
caused an immediate decrease in CBV (p < 0.01, n = 6) 
down to levels similar to control. 

Discussion 
The absolute values for CBV obtained in this study are 
similar to those obtained by previous workers. 4 This 
study demonstrates that for the sequence used, adminis- 
tration of N20, ISO (I .0 and 1.5 MAC), and ISO + N20 
(1.5 MAC total) all result in increases in CBV. If these 
results apply to man, two per cent ISO would be 
associated with a 22 ml increase in CBV. There was no 
evidence to suggest that the combination of ISO + N20 
produced a greater increase in CBV than 1SO alone at 
equianaesthetic levels. 
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Monitoring of somatosensory-evoked potentials 
in man during isoflurane and isoflurane-nitrous oxide 
anaesthesia 
S.C. Brown, A.M. Lam, P.H. Marminen 
Department o f  Anaesthesia, University o f  Western 
Ontario, London, Ontario 

Intraoperative monitoring of evoked responses may 
prevent neurological injury during certain neurosurgical 
procedures. To allow intelligent interpretation of changes 
in evoked responses, the influence of nonpathological 
factors must be delineated and taken into account. To 
date, the influence of isoflurane anaesthesia on somato- 
sensory evoked potentials (SSEP) has not been studied in 
a dose-related manner under controlled conditions. Ac- 
cordingly, we have examined the influence of isoflurane 
and isoflurane-nitrous oxide anaesthesia on SSEP in eight 
healthy human volunteers. 

Methods 
The study was approved by the Institutional Ethics 
Committee. Eight healthy male subjects aged 19-38 
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admitted for minor orthopaedic procedures were studied. 
SSEP was recorded from the scalp over the sensory cortex 
(C3' or C4', international 10-20 system), C7 spine and 
the Erb's point contralateral to the cortex but ipsilateral to 
the median nerve that was stimulated with a square wave 
at an intensity of 2 MA above the motor threshold. All 
recordings were replicated. Following recording of base- 
line awake SSEP, anaesthesia was induced with tubo- 
curarine 3 mg, thiopentone 5-6 mg.kg -t ,  and succinyl- 
choline 1.5mg.kg -I. During maintenance isoflurane- 
oxygen anaesthesia, the end-tidal CO2 was controlled 
between 32-38 mmHg. Temperature was kept near nor- 
mal with a heating blanket and warm intravenous fluid. 
SSEP was then recorded at two steady end-tidal concen- 
trations of isoflurane, one and two per cent as monitored 
by mass spectrometry. The sequence of study was 
randomized among the eight subjects. In five subjects, the 
additional influence of nitrous oxide was examined 
during one per cent isoflurane anaesthesia. Surgery was 
only allowed to proceed after completion of all record- 
ings. Change in latency and amplitude of the peaks - N20 
(cortex), NI3 (C7), and NI0 (Erb's) were analyzed using 
ANOVA for repeated measures, Dunnett's test and 
Scheffe's test. 

Results 
SSEP was successfully recorded from all subjects. With 
the exception of amplitude of N 10, isoflurane reduced the 
amplitude as well as increased the latency of all peaks. 
The influence was maximal at the cortex, and decreased 
towards the periphery. (Table I). Although the further 
decrease in the mean amplitude of N20 from one to two 
per cent isoflurane was not statistically significant, in 
three of the eight subjects the peak was totally abolished. 

TABLE I Results. [soflurane 1% and 2% 

Amplitude (~V • SEM) 

N20 N13 NIO 

Awake 1.24 --- 0.18 2.77 • 0.25 2.50 • 0.41 
I% lsoflurane 0.55 • 0.11" 2.23 • 0.29* 2.77 _'L- 0.48 
2% Isoflurane 0.24 --- 0.09* 1.79 • 0.23"t 2.74 • 0.48 

Latency (msec • SEM) 

N20 NI3 NIO 

Awake 20.2 • 0.1 14.2 • 0.2 10.6 • 0.1 
1% Isoflurane 23.8 • 0.4* 14.8 --. 0.3* 10.8 • 0.1" 
2% Isoflurane 25.0 + 0.4*:[: 15.0 • 0.3* 10.8 • 0.1" 

*Significantly different from awake control p < 0.05. 
1-Significantly different from 1%, p < 0.05. 
:l:n = 5 because 3 subjects had no identifiable peak. 
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TABLE ]I Results. Isoflurane 1% and isoflurane 
1% + 50% N20 

Amplitude (lz V �9 SEM) 

N20 NI3 NIO 

1% Isoflurane 0 .52-- -0 .10  2 .62 -*0 .47  3 . 1 4 •  
I% + 50%N20 0 . 1 7 •  2 . 1 2 •  3.00"*-0.48 

Latency (msec +- SEM) 

N20 N3 NIO 

I% Isoflurane 23.6 • 0.5 14.7 �9 0.4 10.8 • 0.2 
I% + 50% N20 23.6t 14.8 r 0.4 10.7 • 0.2 

*Significantly different from 1%, p < 0.05. 
~:n = 2 because 3 subjects had no identifiable peak. 

The addition of nitrous oxide to one per cent isoflurane 
anaesthesia in five subjects had a similar effect, abolish- 
ing the N20 peak in three out of five subjects (Table II). 

Discussion 
In this study we have identified the influence of isoflurane 
on SSEP in a dose-related manner. [soflurane up to an 
end-tidal concentration of one per cent decreases the 
amplitude and increases the latency of the cortical peak 
but nevertheless allows the recording and evaluation of 
SSEP. Nitrous oxide, on the other hand, profoundly 
affects the recording of the cortical peak, and should be 
avoided during intraoperative recording of SSEP. This 
observation on nitrous oxide is consistent with previous 
reports, t.2 
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the safety of rapid infusion of mannitol in settings of 
raised ICP in dogs and suggested an important role of 
haemodynamics. 2 The present study was therefore 
undertaken to compare the haemodynamic responses to 

mannitol in two groups of dogs: those with induced 
intracranial hypertension and those without. 

Methods 
Sixteen unmedicated dogs, weighing 18-22 kg, were 

studied. Anaesthesia was induced with a single IV dose 
of thiopentone. The dogs were intubated and ventilated 
using compressed air. PaCO2 was adjusted to 40 -- 

2 mmHg. Anaesthesia was maintained with fentanyl and 

metocurine. The dogs were randomly divided into 3 

groups. In groupA (six dogs): after a stabilization period 
of 30 minutes, baseline measurements of ICP, heart rate 
(HR), mean arterial pressure (MAP), central venous 
pressure (CVP), mean pulmonary artery pressure (PAP), 
pulmonary capillary wedge pressure (PCWP), and cardiac 
output (CO) were obtained and a 20 per cent solution of 
mannitol: 2 g.kg -I , was rapidly infused over a three- 
minute period. Data were collected at the end of the 
infusion and at two, five and ten minutes post-infusion. In 
group B (six dogs): an epidural balloon was inserted and 
gradually inflated with 3 ml of air. Once a sustained 
elevation of ICP was secured, mannitol was infused 
following the same protocol as in group A. Group C: 
Consisted of four control dogs that received no mannitol 
despite the inflation of the epidural balloon. Total 
peripheral resistance (TPR) and pulmonary vascular 
resistance (PVR) were derived from appropriate formu- 
lae. Data were analysed using analysis of variance and 
Dunnett's modified t-test. P values <0 .05  were con- 
sidered significant. 

Results 
Results are detailed in Tables I and II. Data are expressed 
as the mean +- SEM. In group A dogs, mannitol caused a 

TABLE I Results: mean -* SEM group A (n = 6) 

End of Ten-minutes 
Baseline infusion post-infusion 

Do mannitol-indueed haemodynamlc responses ICP 8.2 • 0.5 
influence its effect on intracranial pressure? A study HR 60.0 • 3.8 
in the dog with and without induced intracranial MAP 75.1 +- 2.3 
hypertension CvP__ 4.8 • 0.5 
J.M. Katz, M. Abou-Madi, N. Abou-Madi, D. Trop PAP 13.4 -r 0.3 
Montreal Neurological lnstiute. McGiU University, PCWP 6.3 --. 0.3 
Montreal, Quebec CO 2.0 -* 0.1 

TPR 2796 • 84 
PVR 266 --- 8 

Caution has been urged regarding the use of mannitol 
during states of raised intracranial pressure (ICP) and *p < 0.01. 
lost autoregulation.t Recent studies, however, confirmed tp < 0.05. 

12.3 -.X 0.7* 8.0 + 0.7 
112.7 -+ 4.9* 87.8 • 3.9* 
114.2 - 4.3* 92.6 - 4.3* 

8.3 • 0.3* 6.7 • 0.6t 
21.7 • 0.8* 16.3 • 0.3* 
10.0 "t" 0.7* 7.8 - 0.4* 
5.1 -* 0.2" 2.4 +- 0 . I t  

1674 • 37* 2806 -+ 118 
183 • 10' 279 +-- 23 
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TABLE 1I Results: mean -+ SEM group B (n = 6) 

End of Ten-minutes 
Baseline infusion post-infusion 

ICP 24.5 --+ 2.5 20.0 --. 1.81" 15.6 - 2.1' 
HR 80.0 + 8.3 124.5 -r 12.2' 110.0 -+ 11.3" 
MAP 111.5 - 2.4 83.2 - 2.0* 114.7 --. 2.7 
CVP 6.1--.0.3 11.2• 7.5 -+ 0.4"~ 
PAP 16.2 -+ 0.7 27.7 --- 1.5" 21.0 --- 1.3' 
PCWP 8.3-+0.3 * 14.0-+ 1.2 * 11.0 - 0.9' 
CO 2.4 -+ 0.1 6.1 -- 0.4* 4.1 -+ 0.3* 
TPR 3530 - 141 966 -+ 87* 2213 -+ 223* 
PVR 263 -+ 23 177 -+ 10" 203 - 21 

*p < 0.01. 
~'p < 0.05. 

significant initial rise in ICP (4.7 _+ 0.6 mmHg), and in 
HR (52 • 4 beats/minute), MAP (39.1 - 3.2 mmHg), 
CVP (4.5 +-- 0.4 mmHg), PAP (8.3 +- 0.6 mmHg), 
PCWP (3.7 -+ 0.5 mmHg), and CO (3.2 --- 0.2 L.min-J). 
In contrast, TPR dropped by 1,121.9 - 41.3 dynes-see. 
cm -s and PVR decreased by 82.2 --- 9.2 dynes,sec.em -s. 
ICP, HR, MAP, CVP, PAP, PCWP and CO gradually 
decreased over the following ten minutes, and TPR and 
PVR gradually returned to pre-infusion values. In group 
B dogs, mannitol caused an immediate decline in ICP, 
MAP, TPR and PVR. ICP decreased by 4.5 - 2.1 
mmHg, MAP decreased by 28.3 - 2.2 mmHg, TPR 
decreased by 2.563.4 - 114.2 dynes-see.era -~, and PVR 
decreased by 86.4 +- 11.2 dynes-see-era -s. Initial changes 
in HR, CVP, PAP, PCWP, and CO closely correlated 
with group A results. Thus, at the end of the infusion: 
HR rose by 45 +-- 10 beats/minute, CVP increased by 5.0 
-+ 0.6 mmHg, PAP increased by 11.5 • 1.2 mmHg, 
PCWP increased by 5.7 - 0.9 mmHg and CO increased 
by 3.7 -+ 0.3 L'min- t. ICP continued to decrease over the 
following ten minutes, while MAP, TPR, and PVR 
gradually increased and HR, CVP, PAP, PCWP, and CO 
gradually decreased. 

Discussion 
In dogs with no mass lesion, mannitol in addition to its 
direct cerebral vasodilating properties, augmented plasma 
volume, increased CO, and raised MAP. A transient 
increase in cerebral blood flow and volume may have 
caused the initial rise in ICP. In group B dogs, the 
induction of intracranial hypertension elintinated the 
capacity of the cerebral vasculature to autoregulate and 
caused large surges in MAP and TPR. As MAP is 
determined by changes in CO and TPR, we therefore 
speculate that in this group mannitol's effect on TPR 
overrode its effect on CO and consequently lowered MAP 
and hence ICP. 
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Isoflurane augments the hypothermia-induced 
reduction of cerebral metabolic rate during 
cardiopulmonary bypass 
T.E. Woodcock, J.M. Murkin, J.K. Farrar, W.A. 
Tweed, G. Guirandon, F.N. McKenzie 
Departments of Anaesthesia, Clinical Neurological 
Sciences and Cardiovascular and Thoracic Surgery, 
University of Western Ontario, London, Ontario 

It has been shown that isoflurane reduces the cerebral 
metabolic rate for oxygen (CMROz) in surgical patients, t 
Hypothermia during cardiopulmonary bypass (CPB) in- 
duces a marked reduction in CMROz ~ and the purpose of 
this study was to ascertain whether further reductions in 
C M R O  2 during hypothermic CPB for coronary artery 
bypass surgery were attainable with the use of isoflurane. 

Methods 
The study was approved by the Institutional Committee 
on Human Research, and written informed consent was 
obtained from patients scheduled for coronary artery 
bypass surgery who were then randomly allocated to 
control group (CG) or isoflurane treated group (IG). After 
premedication with lorazepam 0.06 mg'kg -t and mor- 
phine 0.15 mg.kg -1 all patients were anaesthetised with 
fentanyl 0.1 mg'kg -t and ventilated with oxygen. IG 
patients were given isoflurane, in air and oxygen, via the 
pump oxygenator in a concentration sufficient to produce 
a predominantly isoelectric EEG for the duration ofCPB. 
CG patients were given air and oxygen during CPB with 
no additional anaesthetic agents. 

Cerebral venous blood was sampled from a catheter 
which had been threaded percutaneously to the bulb of the 
internal jugular vein, and arterial blood from a radial 
artery line or the arterial port of the pump oxygenator. 
Blood gases were measured at 37~ and corrected to 
nasopharyngeal temperature for determination of oxygen 
content. Cerebral washout of 133Xe was measured with 
five scintillation counters over each hemisphere, follow- 
ing injection of 5 mCi of the isotope into a peripheral vein 
or the arterial pert of the pump oxygenator, and used to 
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determine regional cerebral blood flow. The mean cere- 
bral blood flow (CBF) from all ten detectors was applied 
to the Fick equation to calculate the cerebral metabolic 
rate for oxygen (CMROz). A ten lead EEG using a 
standard parasagittal bipolar block montage with a 
sensitivity of 7 pN and a passband of 0.5-70 Hz was 
continuously monitored throughout surgery. 

Pump flows of 2.0-2.5 L-mZ'min were used during 
CPB. Arterial PCO2 was maintained at about 40 mmHg, 
measured at 37 ~ C and uncorrected for patient tempera- 
ture. 

Results 
One per cent isoflurane added to the fresh gas supply of 
the pump oxygenator induced a predominantly isoelectrie 
EEG during hypotherrnic CPB (25.5-29.7 ~ C) in the six 
IG patients. During normothermic CPB (37-38 ~ C) 2.5 
per cent isoflurane was required to maintain the predomi- 
nantly isoelectric EEG in five out of six patients. The five 
CG patients had continuous low-frequency EEG activity 
throughout CPB. 

Following induction of anaesthesia and prior to CPB, 
mean CMRO2 for all patients was 1.65 ml/100 g/min. 
Mean CMROz values during hypothermic CPB in CG 
patients were 0.45 and 0.49 ml/100 g/rain at 15 minutes 
and 30 minutes. During normothermic CPB CMRO2 in 
CG was 1,08 ml/100 g/rain. Use of isoflurane during CPB 
resulted in a 35-40 per cent reduction of CMROz from 
control values at each stage of CPB (Table). CBF tended 
to be lower in isoflurane-treated patients compared to 
controls during CPB. Under anaesthesia post CPB (and 
after discontinuation of isoflurane in IG) CMRO2 ap- 
proached pre-CPB values in both groups, At each 

TABLE Results mean --* stmlda_rd deviation. 

15 rain 30 rain 
Groups Pre-CPB cold CPB cold CPB 

Control CBF 25.9 • 9.6 20.8 - 5.1 17.2 • 8.6 
5 patients CMRO: 1.53 • 0.38 0.45 • 0.12 0.49 • 0.09 

n= 4 4 3 
lsoflurane CBF 28.1 • 8.5 15.4 • 6.4 13.2 • 7.3 
6 patients CMRO2 1.77 --- 0.51 0.29 • 0.04 0.29 • 0.08 

a= 3 6 4 

measurement arterial PCO 2 and nasopharyngeal tempera- 
ture were comparable between groups. 

Discussion 
Experimental studies have shown that isoflurane has 
similar cerebral metabolic and cerebro-protective proper- 
ties to the barbiturates, and that maximal effect is 
achieved when EEG suppression occurs. 34 Reduction of 
CMRO2 during hypothermic and normothermic CPB has 
been previously documented 2 and this study shows that 
further reductions in CMRO2 even during hypothermia 
are attainable with the use of isoflurane during CPB in 
sufficient concentration to induce a predominantly iso- 
electric EEG, In a recent clinical study a reduced 
incidence of persistent neuropsychiatric sequelae of CPB 
was demons~ated in patients undergoing open-heart 
surgery when thiopentone was used to suppress the EEG 
during CPB. 5 Isoflurane has the advantage of being 
rapidly and completely eliminated upon discontinuation 
and therefore the results of this study are compatible with 
our hypothesis that isoflurane has the potential to afford 
cerebral protection during CPB without the side effects of 
myocardial depression and prolonged anaesthesia which 
occur with the use of thiopentone. 5 
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Groups Warm CPB Post-CPB 

Control CBF 23.4 • 2.3 28.6 m 5.2 
5 patients CMRO2 1.08 ~" 0.17 1.32 - 0.27 

n= 4 5 
lsoflurane CBF 16.8 • 2.6 25.2 • 3.3 
6 patients CMRO2 0.63 • 0.1 1.10 -2_ 0.21 

n= 4 6 

CBF = mYl00 gtmin; CMRO 2 = ml/100 g/rain. 

Divided doses of thiopentone attenuate heart rate 
changes after intnbation 
S.G. Nadeau, J.R. Robblee 
Ottawa Civic Hospital,  Ottawa, Ontario 

Laryngoscopy and tracheal intubation are associated with 
a rise in heart rate and blood pressure following thiopen- 
tone induction.t Pharmacologic interventions with fen- 
tanyl, 2 lidocaine s and propranolol 4 attenuate this re- 
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sponse. The haemodynamic effects of a thiopentone dose 
given prior to thiopentone induction has not been re- 
ported. A prospective randomized clinical trial was 
conducted to compare the effects of a single bolus 
administration of thiopentone with thiopentone adminis- 
tration in two divided doses. 

Methods  

Fifty patients were studied, The protocol was approved 
by the Human Research Ethics Committee of the Hospital 
and informed written consent was obtained. Patients 
selected were unpremedicated females, ASA physical 
status I, undergoing outpatient procedures requiring 
intubation. They were randomly assigned to two groups: 
the control group and the thiopentone group. Four 
minutes before intubation, patients were preoxygenated 
and curare 3 mg was injected intravenously. Three 
minutes before intubation the control group received 3 ml 
of normal saline and the thiopentone group a preinduction 
dose of thiopentone 1.0 mg.kg-k  The patients were 
induced 1.5 minutes before intubation with thiopentone 
5.0 mg.kg -I in the control group and 4.0 mg.kg -j in the 
thiopentone group. Both groups received succinylcboline 
2.0 mg.kg-k Cricoid pressure and apnoeic oxygenation 
were used in order to standardize airway manipulation. 
Orotracheal intubation was accomplished in less than 20 
seconds. The post-intubation anaesthetic consisted of O2 
30 per cent, N20 and isoflurane one per cent. Ventilation 
was controlled at a rate of 10/min with a tidal volume of 
10 ml-kg - t  . Patients were not stimulated for a period of 
five minutes. Heart rate and blood pressure were mea- 
sured and recorded using an automatic blood pressure 
monitor with printer (Dinamap vital signs monitor 
1846P), every minute from an initial value, four minutes 
prior to intubation until five minutes after intubation. 
Statistical analysis was performed with the Student's 
t-test and the one way analysis of variance, using a multiple 
range test. A p < 0.05 was considered statistically 
significant. 
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FIGURE 1 Heart rate during induction of anaesthesia and 
tracheal intubation. 

blood pressure was significantly increased compared to 
the initial values at one and two minutes after intubation 
in the control group and at one minute in the thiopentone 
group (Figure 2). Blood pressure was significantly lower 
than the initial values at four and five minutes post- 
intubation in both groups. There were no statistical 
differences regarding blood pressure recorded between 
the groups. 

Discussion 

In healthy patients, thiopentone administration in a dose 
of 1.0 mg.kg -I prior to an induction with thiopentone 
4.0 mg.kg -] produces less variation in heart rate than 
thiopentone 5.0 mg.kg -1 administered as a single bolus. 
Although statistically significant, these results are not 
important clinically in the healthy population studied. 
More haemodynamie stability could possibly be reached 
by finding the ideal preinductlon dosage and the optimal 
time of administration. Further investigation in patients 
with impaired cardiovascular reserve may elicit a more 
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Results 
There were 24 patients in the control group and 25 _| 150 
patients in the thiopentone group. One patient was -~ 1,0 
excluded because of a difficult intubation. Age, weight, w 
height and initial values for heart rate and systolic blood [ 1~ 
pressure were similar in both groups, Compared to the g 
initial values, both groups had a significant rise in heart _~ lz0 
rate from one minute before intubation until three minutes ~ ,,o 
after in the thiopentone group and until five minues after 
intubation in the control group (Figure 1). Heart rate was 
significantly different between the groups at 2, 3, 4 and 5 
minutes after intubation, with a 15 per cent increase in the 
thiopentone group compared to a 26 per cent increase in 
the control group at two minutes post-intubation. Systolic 
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FIGURE 2 SystoLic blood pressure during induction and 
tracheal intubafion. 
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stable alternative method of administration of thiopentone 
to the standard single bolus technique. 
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Dose-response relationship ofdonidine in tetracaine 
spinal anaesthesia 
F.J, Mcnsink, R, Kozody, C.H. Kehler, J.G. Wade 
Department of Anaesthesia, Health Sciences Centre, 
University of Manitoba, Winnipeg, Manitoba 

Clonidine is a centrally acting antihypertensive agent 
with r and 0t 2 adrenergic agonist activity. It has been 
demonstrated to produce peripheral vasoconstriction, and 
is known to be analgetic when given by the intrathecal or 
epidural route in animals and humans) Previous work in 
animals has shown that in tetracalne spinal anaesthesia, 
intrathecal clonidine (150 p,g) is equally effective to 
epinephrine (200 p,g) in prolonging motor blockade, but 
significantly more efficacious in prolonging sensory 
blockade. 2 The present study was undertaken to define a 
dose-response relationship of clonidine in prolonging 
tetracaine spinal anaesthesia in dogs. 

Methods 
Six mongrel dogs weighing 16-21 kg were studied using 
a randomized blind crossover design. Under thiopentone- 
N20-O2-isoflurane anaesthesia a lumbar puncture was 
performed at either LsI-~ or L6L7 interspace with a #22 
gauge spinal needle. Solutions of tetracaine (4 mg in I ml 
D5/W) with incremental doses of clonidine (0, 10, 25, 
50, 100, 150, 200 and 300 izg) were given to each dog 
intrathecally, over an eight-week period. Following 
intrathecal injection N20-isoflurane anaesthesia was dis- 
continued and time to arousal was recorded. Sensory and 
motor reponses were evaluated at 20-minute intervals for 
one hour and every 15 minutes thereafter. Duration of 
motor block was defined as time from intrathecal injec- 
tion to time of standing unsupported. Sensory block was 
evaluated using a 25 cm rubber-shod haemostat applied to 
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FIGURE Effects of elonidine on tetracaine spinal anesthesia 

the proximal third of the tail for a 30-second application 
or until an avoidance response was elicited. 

Dose-response curves were plotted using first and 
second order polynomial regression analysis. 

Results 
Introduction of clonidine into the C.S.F. increased time 
to arousal from 22.8 +-- 5.9 min (mean - SEM) with 
tetracaine, to 40.7 --- 1.9 min with tetracaine in combina- 
tion with 300 ixg of clonidine. Linear regression analysis 
followed the equation y = 0.07 • +23, with r 2 = 0.801 
and p < 0.01. 

The duration of motor and sensory blockade were 
analyzed as a percentage of control (i.e.: observed time - 
control time/control time x 100). The results are ex- 
pressed in the Figure. With increasing doses of clonidine, 
the average duration of sensory blockade was prolonged, 
with a plateau being reached at a dose of elonidine of 150 
v,g. Polynomial regression analysis produced r 2 = 0.92, 
p < 0.001. Similarly the average motor block was 
prolonged with increasing doses of clonidine. However, 
the plateau for maximal prolongation of motor blackade 
was reached at a dose of 100-150 p,g. Polynomial 
regression analysis showed r a = 0.90, p < 0.001. 
Increasing the dose of clonidine above 150 Ixg did not 
prolong the duration of sensory or motor blockade. All 
dogs had full neurologic recovery following each intra- 
thecal injection and were neurologically intact at the 
conclusion of the study. 

Discussion 
The results indicate that clonidine effectively prolongs 
tetracaine spinal anaesthesia and that a dose response 
relationship exists. The study suggests that, in the dog, a 
dose of 150 p,g of clonidine provides maximum benefit in 
prolonging motor and sensory blockade. It would appear 
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that clinical trials are indicated with clonidine in spinal 
and epidural anaesthesia. 
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The influence of patient's sex, age and weight on 
pancuronium onset time 
F. Donati, D.R. Bevan 
Department of Anaesthesia, McGill University and 
Royal Victoria Hospital, Montrdal, Qudbec 

A rapid onset of action is a desirable feature of muscle 
relaxants. Although alterations in the mode of administra- 
tion (e.g., priming) have been proposed in an attempt to 
shorten the onset time, little attention has been brought to 
the patient characteritics which may alter onset. This 
study was designed to study the effect of sex, age and 

weight on the onset of neuromuscular blockade produced 
by pancuronium. 

Methods 
One hundred and fourteen ASA physical status I and II 
adults of both sexes, aged 18-75 years and 45-100 kg in 
weight were studied during elective procedures. Anaes- 
thesia was induced with thiopentone, 3-5 mg.kg -I , and 
maintained with nitrous oxide (70 per cent), and enflurane 
(0.5-1.5 per cent) in oxygen. Train-of-four stimulation 
was applied to the ulnar nerve every 12 seconds, and the 
force of contraction of the adductor pnllicis muscle was 
measured. Pancuronium, 0.06 mg'kg -l was given into a 
rapidly running intravenous line. The percentage block- 
ade of first twitch tension was measured two minutes after 
the injection of pancuronium, and the time to reach 90 per 
cent maximum blockade was also noted. For each sex, the 
relationship of blockade at two minutes and age and 
weight was calculated by multiple linear regression 
analysis. 

Results 
For the same dose of pancuronium, expressed in mg.kg -I, 
the onset was more rapid in women than in men. Mean (+-- 
SEM) neuromuscular blockade after two minutes was 
45.4 - 3.5 per cent in men and 69.1 +- 3.4 per cent in 
women (p < 0.0001). Time to 90 per cent maximum 
blockade was 203 -+ 13 and 154 --+ 8 seconds in men and 
women respectively (p < 0.002). In both sexes, blockade 
after two minutes decreased with increasing age, and 
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increased with increasing weight. Multiple regression 
equations for block at two minutes were, for men: 

Block (%) = 52 - 0.93 x age (yrs) + 0.50 • weight (kg) 

(r = 0.546; p = 0.00024), 

and for women: 

Block (%) = - 2  - 0.53 • age (yrs) + 1.56 x weight (kg) 

(r = 0.436; p = 0.004). 

For example, a 20-year-old woman weighing 70 kg is 
expected to exhibit 97 per cent block after two minutes, 
whilst the same dose (0.06 mg'kg -l) will most likely 
produce only a 12 per cent block in a 75-year-old 
weighing 60 kg. 

Discussion 
This study identified three characteristics most likely 
associated with slow onset of pancuronium blockade: 
male sex, old age and lean stature. However, large 
inter-individual variability still exists in patients who are 
comparable with respect to sex, age and weight. Onset 
time presumably depends on three factors: the volume of 
distribution of the drug, its rate of delivery to the receptor, 
and the concentration required to produce the desired 
effect. Paneutonlum is an ionized drug which has a 
volume of distribution approximately equal to that of 
extra-cellular fluid. Thus, the volume of distribution, in 
mg.kg - t ,  is most likely decreased by the presence of 
more adipose tissue in women and in heavy individuals. 
This increases the drug concentration at the receptor, and 
fa,~ours a more rapid onset. Neuromuscular blockade 
occurs more rapidly in young individuals probably 
because of their greater cardiac output, which promotes 
delivery of the drug to the tissues. However, the 
possibility that the sensitivity to relaxants depends on sex, 
weight and age cannot be ruled out. Finally, this study 
suggests that values of onset times determined for certain 
groups of adults might not be applicable to all patients. 

d-Tubocurarine priming in children 
M. Baxter, J.C. Bevan, F. Donati, D.R. Bevan 
Department of Anaesthesia, Montrdal Children's 
Hospital, Royal Victoria Hospital and McGill University, 
Montrdal, Quebec 

The onset of non-depolarizing neuromuscular blockade 
can be accelerated by the administration ofa  subparalyz- 
ing dose of a relaxant before a paralyzing dose is given 
(priming). This mode of administration has been studied 
in adults, but onset times and the effect of priming might 
be different in children. The purpose of this study was to 
measure the onset time of d-tubocurarine in children of 
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TABLE I First twitch height (%) (mean • SEM) versus time 
(s) after paralyzing dose 

Without priming 

Age group 30 s 60 s 90 s 

0-1 yr 62 - 12" 20 - 6 10 +- 3 
l -3yr  8 4 •  33---6 15 +-4 
3-10 yr 92 +- 6* 56 -+ 9 40 -+ 10 

With priming 

Age group 30 s 60 s 90 s 

0-1yr 32---7' 1 0 - 3  5 ~ 2  
1-3 yr 58 +- 10" 23 +-- 6 12 - 4 
3-10 yr 57 • 6* 20 --- 5* 12.4- 3* 

*p < 0.05 between with and without priming. 

different ages, and to evaluate the effect of priming, with 
the same methodology which has been used in adults. 

Methods 
After institutional approval, 60 ASA physical status I or II 
children undergoing elective procedures were studied 
under thiopentone-nitrous oxide-halothane anaesthesia. 
There were 20 patients in each of the following groups: 
0 -  l yr, 1-3 yrs, and 3-10 yrs. The force of contraction of 
the adductor pollicis muscle was measured following 
train-of-four stimulation of the ulnar nerve every 12 sec. 
After induction of anaesthesia and stabilization of twitch 
recording, normal saline or d-tubocurarine, 0.04 mg,kg-. 1, 
was administered into a rapidly running intravenous line. 
Three minutes later, a paralyzing dose of d-tubocurarine 
was given, such that the total dose was 0.4 mg.kg -1 . The 
patients were monitored until first twitch height recovered 
to at least ten per cent. The results were analyzed using 
Student's t test, and differences were considered statisti- 
cally significant when p < 0.05. 

Results 
In all three age groups, the patients who received a 
priming dose showed a faster onset of neuromuscular 
blockade (Table I). Priming did not affect significantly 

TABLE It Duration of action (time to 10% recovery) 
(minutes, mean • SEM) 

Age group Without priming With priming 

0-t yr 36 --- 5 44 -+ 9 
I-3yr 3 0 •  3 3 •  
3-10 yr 24 -'- 3 35 - 6 

the time to spontaneous recovery of ten cent twitch height 
(Table II). The onset of neuromuscular blockade tended 
to be faster in younger subjects. A linear regression 
analysis between time to 90 per cent block and age 
showed a positive correlation both with (r = 0.681; p = 
0.00012) and without (r = 0.316; p = 0.09) priming. 

Discussion 
The onset of d-tubocurarine neuromuscular blockade is 
more rapid than with other long-acting non-depolarizing 
blockers.l'2 This study demonstrated a generally more 
rapid onset of neuromuscular blockade than found in a 
similar study in adults, t Then, the use of priming doses in 
children, which produces a small acceleration of the onset 
of neuromuscular blockade, is relatively more important. 
This is accomplished without prolongation of the duration 
of action. The rapid onset observed in young patients 
might be due to their relatively larger tissue perfusion. 
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Dose-response relationships for edrophonium, 
pyridostigmine and neostigmine as antagonists of 
paneuronium and d.tubocurarine 
F. Donati, S.M. McCarroll, C. Antzaka, D.R. Bevan, 
D. McCready 
Department o f  Anaesthesia, McGill  University and 
Royal Victoria Hospital, Montrdal, Quebec 

The potencies of edrophonium, pyridostigmine, and 
neostigmine may depend on several factors, such as the 
relaxant used, its mode of administration, and the degree 
of spontaneous recovery when administered. The purpose 
of this study was to obtain dose-response relationships 
for all three antagonists, when used to antagonize the 
block produced by single doses of pancuronium or 
d-tubocurarine, at the same degree of  spontaneous re- 
covery. 

Methods 
The study was conducted on 120 ASA physical status I 
and H adults. Anaesthesia was induced with thiopentone, 
3-5 mg'kg -I , and maintained with nitrous oxide (70 per 
cent), and enflurane (0.5-1.5 per cent) in oxygen. 
Train-of-four stimulation was applied to the ulnar nerve 
every 12 seconds, and the force of contraction of the 
adductor pollicis muscle was measured. Patients were 
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given either pancuronium, 0.06 mg-kg - i ,  or d-tubo- 
curarine, 0.36 mg.kg -]. When first twitch tension had 
recovered to ten per cent of its initial height, edro- 
phonium, 0.1,0.2, 0.4 or 1 mg'kg -] ,  or pyridostigmine, 
0.09, 0.04, 0.1 or 0.2 mg.kg -1, or neostigmine, 0.005, 
0.0l,  0.02 or 0.05 mg.kg -I were given by random 
allocation. The first twitch tension and train-of-four ratio 
were measured ten minutes after the antagonist was 
given. Dose-response curves were obtained by linear 
regression of the logit transformation of first twitch 
recovery or train-of-four ratio versus the logarithm of the 
dose of the antagonist. 

Results 
The dose-response curves for first twitch tension did not 
deviate significantly from parallelism (Figure 1). The 
ED50's for d-tubocurarine were greater for all three 
antagonists, and this difference reached statistical signi- 
ficance (p < 0.05) for pyridostigmine and endrophonium 
(Table). The dose-response curves for train-of-four ratio 
were flatter for edrophonium (Figure 2), and the ED50 of 
edrophonium was greater when used with d-tubocurarine. 

TABLE Results. Mean --z- SE 

Pancuronium d-Tubocurarine p 

EDSO - mg.kg -t 
Neostigmine 0.013 • 0.0015 0.017 --- 0.0012 
Pyridostigmine 0.085 • 0.0054 0.11 • 0.005 
Edrophortium 0.17 • 0.024 0.27 • 0.027 

Train-of-four ratio 
Neostigmine 0.031 4- 0.004 0.043 • 0.006 
Pyridostigmine 0.18 4- 0.017 0.23 • 0.023 
Ed~phon[urn 0.77 -+- O, I 1 t .23 • 0.16 
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Discussion 
This study demonstrated that the dose-response relation- 
ship of relaxant antagonists may depend on which 
relaxant has been used, which may be a consequence of 
the rclaxant's different mechanisms of action. Compared 
with the other antagonists, edrophonium reversed train- 
of-four fade well at low doses but not at higher doses as 
indicated by a flatter train-of-four ratio-dose relation- 
ship. This might be a reflexion of a different mechanism 
of action of edrophonium compared with the other 
antagonists. In clinical practice, the dose of antagonist 
required to reverse neuromuscular blockade completely 
might be smaller than in this study because the antago- 
nists are commonly given when spontaneous recovery is 
greater than ten per cent. 

Neostigmine, edrophonium and pyridostigmine as 
antagonists of deep pancuronium blockade 
J. Lahoud, F. Donati, D.R. Bevan, D. McCready 
Department of Anaesthesia, McGill University and 
Royal Victoria Hospital, Montrdal, Quebec 

It has been suggested that neostigmine was superior to 
edrophonium as an antagonist of deep blockade t'2 using 
doses based on potency ratios determined in a different 
setting. This study was designed to establish equipotent 
doses of neostigmine, edrophonium and pyridostigmine 
when given at 90 per cent pancuronium blockade, and 
compare them when administered at 99 per cent blockade. 

Methods 
NS In 120 ASA physical status I or II adults, anaesthesia was 
NS 

induced with thiopentone 3-5 mg-kg -] and maintained 0.025 
with nitrous oxide 70 per cent and enflurane 0.5-1.5 per 
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cent in oxygen. Train-of-four stimulation was applied to 
the ulnar nerve and the force of contraction of the 
adductor pollicis muscle was recorded. Pancuronium 
0.06 mg.kg-I was given, and increments of 0.5 mg were 

added, if needed, until 100 per cent blockade was 
achieved. In 60 patients, neostigmine (0.005, 0.01,0.02, 
or 0.05 mg-kg-I), or edrophonium (0.1, 0.2, 0.4 or 1 
mg-kg-I), or pyridostigmine (0.02, 0.04, 0.1 or 0.2 
mg.kg -~) were given by random allocation when first 
twitch tension had recovered to ten per cent of control. 
Ten minutes after administration of the antagonist, first 
twitch recovery was measured and the doses expected to 
produce 80 per cent (ED80) and 90 per cent (ED90) 
recovery were determined. The next 60 patients received 
either the EDS0 or the ED90 of each drug, administered at 
one per cent first twitch height recovery (or 99 per cent 
blockade). First twitch tension (TI) and train-of-four 
ratio (T4/TI) were measured ten minutes after the 
antagonist was given. The groups were compared using 
analysis of variance. 

Results 
The EDS0's and EDg0's for the antagonists when 
administered at 90 per cent blockade are shown in the 
Table. For both doses used, neostigmine was a better 
antagonist of 99 per cent blockade than edrophonium or 
pyridostigmine (Table). However, no agent produced a 
mean train-of-four ratio greater than 0.5. 

Discussion 
The doses of antagonist used in this study were com- 
parable to the doses used clinically. The neuromuscular 
recovery indicates that deep block is difficult to antago- 
nize. However, neostigmine appeared superior to the 

TABLE Dose-effect relationship of antagonists after tO minutes 

Effect at 99% block 
(mean +- SEM) 

Dose given 
mg.kg -j  TI T4/T1 

EDSO at 
90% block 

Neostigmine 0.04 0.78 -+ 0.030 0.43 -+. 0.028 
Edrophonium 0.54 0.56 -+-+ 0.023 0.19 + 0.023 
Pyridostigmine 0.2 0.57 --- 0.058 0.28 - 0.028 

p = 0.0006 p = 0.00001 

ED90 at 
90% block 

Neostigmine 0.08 
Edrophonium I. 15 
Pyridostigmine 0.38 

0.84 �9 0.030 0.45 • 0.030 
0.73 ~ 0.035 0,32 --- 0.027 
0.74 -'- 0.032 0.38 +- 0.040 
p = 0.035 p = 0.038 

other two agents, when given in doses expected to be 
equipotent at a lesser degree of blockade. Clinically, 
it appears preferable to avoid producing deep neuro- 
muscular blockade because of its poor reversibility. 
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The effect of pre-existing beta blockade on potassium 
flux in patients receiving succinylcholine 
D.J. O'Brien, D.C. Moriarty, C.E. Hope 
Department o f  Anaesthesia, Dalhousie University, 
Halifax, Nova Scotia and the Mater Misericordiae 
Hospital, Dublin, Ireland 

There is evidence that the beta-adrenoreceptor is in- 
volved in the acute regulation of serum potassium (K+). 
MeCammon and Stoelting have shown that in dogs 
pre-treated with propranolol, succinylcholine, (SCh) 
leads to an exaggerated and prolonged rise in serum K + 
with delayed peak levels occurring at 60-90 rain. t The 
purpose of this study was to determine whether similar 
effects occurred in man undergoing anaesthesia. 

Methods 
Patients who were taking propranolol (120--160 mg-day -l) 
or atenolol (50-100 mg.day-I), and a control group, 
were studied (Table). All patients underwent peripheral 
surgery. Those receiving concurrent diuretics or calcium 
channel blockers were excluded. 

Anaesthesia was induced with thiopentone 4-5 mg.kg -~ . 
Tracheal intubation was facilitated with SCh 1 mg.kg-' ,  
without pre-treatment. The lungs were mechanically 
ventilated with nitrous oxide and 40 per cent oxygen to 
achieve an end-tidal CO2 of 36 mmHg. Anaesthesia was 
maintained with enflurane (0.5- 1.0 per cent inspired) and 
fentanyl. 

Venous blood samples were obtained for serum K + 
analysis, pre-induction, and at 1, 3, 5, 10, 20, 30, 45, 60 
and 120 min after SCh. 

TABLE Patients studied 

Weishl Sex Heart rate 
Group Number Age (ks) MIF (res6ng) 

Control I I 43 • 46.8 71 -+ 24,9 7/4 76 -+ 11.7 
Propranolol 5 57 *- 7,8 6"1 -+ 26.S 3/2 56 • 5, | 
Alenolvl 7 55 • I 1.6 70 • 36,2 4r 54 • 5.4 
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Results 
In all three groups serum K + peaked at the 5 min period in 
response to the SCh. In the control group the serum K + 
returned to resting levels by 10 min, whereas in beta- 
blocked patients, the K + remained elevated and did not 
reach control levels until 30 rain (propranolol) to 60 min 
(atenolol) (Figure). 

Kruskal-Wallis analysis showed statistically signifi- 
cant differences (p < 0.05) between the control and the 
beta-blocked groups following SCb, however there was 
no significant difference between the atenolol and pro- 
pranolol groups. Wilcoxon analysis showed a significant 
increase in both beta-blocked groups with respect to 
resting levels, 

Discussion 
In this study, serum K + peaked in all groups within 5 rain 
of the administration of SCh and in beta-blocked patients 
the return of serum K + to pre-induction levels was 
delayed in comparison with the control group. These 
findings support the postulate that beta-adrenomceptor 
blockade impairs the intracellular uptake of the SCh- 
induced acute K + load. The time course of this response 
which was observed is more understandable than that 
seen in the study by McCammon and Stoelting, where the 
peak elevation in serum K + did not occur until 60-90 rain 
following SCb and where K + remained elevated even at 
180 rain. 

At the level of beta-blockade which was present in the 
patients who were studied, the increase in serum K + 
following SCh is probably not clinically significant. 
However, these findings emphasise the importance of 
careful monitoring of beta-blocked patients in situations 
where an acute elevation of serum K + is likely to occur. 
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Atracurium to prevent succinyleholine fasciculations 
and myalgias 
B.A. Liberman, R. Skala 
Toronto General Hospital, Toronto, Ontario 

Although a multitude of agents have been shown to be 
useful in the prevention of succinylcholioe fasciculations 
and myalgias, the standard agent for this purpose remains 
d-tubocurarine. 

Atracurium is a new non-depolarizing muscle relaxant 
with minimal histamine releasing properties, marked 
cardiovascular stability and metabolism and excretion 
that is independent of renal and hepatic function. Atracur- 
ium is rapidly replacing d-tubocurarlne as an intermediate 
duration non-depolarizing muscle relaxant, especially in 
patients with renal insufficiency or patients where tachy- 
cardia and hypertension wish to be avoided. 

Methods 
We studied 45 patients aged 18 to 45 years who 
underwent elective dental, otolaryngeal or urological 
procedures and were mobile the day of surgery. The study 
protocol was approved by the hospital Ethics Committee 
and informed consent was obtained from each patient. 
The patients were randomly divided into three groups of 
15. All patients received a standard anaesthetic consisting 
of morphine 0.1-0.2 mg.kg- t and promethazine 0.3- 0.5 
mg-kg-I intramuscularly one hour prior to induction. The 
patients were induced with thiopentone 5 mg.kg -~ 
followed by succinyleholine 1.5 mg.kg- ~ intravenously. 
The patients were observed for fasciculations and intubated 
90 seconds after administration of succinylcholine. An- 
aesthesia was maintained with 70 per cent nitrous oxide in 
oxygen and isoflurane. Ventilation was controlled to 
maintain end-tidal CO2 between 35 and 40 mmHg. 
Patients in Group A received d-tubocurarine 50 Izg'kg- J, 
Group B received atracurium 30 v,g.kg -I and Group C 
received atracurium 60 I~g.kg -j three minutes prior to 
suecinylcholine. Serum potassium and creatine phospho- 
kinase levels were measured prior to induction and five 
minutes after succinylcholine administration. 

Results 
Demographic and biochemical information is summar- 
ized in Table I. There was no statistically significant 
difference in sex distribution, patient age or patient 
weight amongst the three groups. There was no statisti- 
cally significant change in serum potassium or creatine 
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TABLE I Patient demographics and biochemistry 

Group A Group B Group C 

Se~t distribution 10 Male 8 Male 7 Male 
5 Female 7 Female S Female 

Age (yea~} 24.3 • 3.1 27.9 • 7.0 24.4 -~ 4.7 
Weighl (kg) 69, I • 15.7 69.6 • 11.6 6:3.5 ~ 9.4 

Change in potassium 
mEq.L -~ 

Change in creatine 
units.L -I  

- 0 . 0 4  - 0.20 - 0 . 0 6  -+ 0.45 - 0 . 0 9  ~ 0.42 

8.6 • 35.1 15.3 • 54.6 9.7 ~ 30.6 

TABLE II Incidence of fasciculations 

Group A Group B Group C 

Nil 47% 20% 53% 
l + 2 0 %  1 3 %  1 3 %  

2+ 33% 27% 20% 
3+ 0% 40% 13% 

TABLE IIl Incidence of myalgias 

Group A Group B Group C 

Nil 27% 53% 40% 
Mild 33% 33% 27% 
Moderate 33% 13% 27% 
Severe 7% 0% 7% 

phosphokinase levels prior to succinylcholine administra- 
tion as compared to five minutes after succinylcholine 
administration in any of the three groups. 

Intubating conditions were ideal in 44 patients and 
adequate in one patient (Group B). There were no 
statistically significant differences amongst the three 
groups in incidence or severity of fasciculations or 
postoperative myalgias; however, a trend towards more 
severe fasciculations was present in Group B (Tables II 
and RI). A p level ---0.05 was considered to be statistically 
significant in all cases. 

We recommend the administration of atracurium 60 
i.~g.kg -t three minutes prior to succinyleholine as a 
method as efficacious as d-tubocurarine 50 i.tg.kg - t  in 
reducing fasciculations and post-operative myalgias 
due to succinylcholine. Atracurium offers many benefits 
over d-tubocurarine with regards to cardiovascular and 
respiratory stability as well as "auto-degradation." 

The effect of high-dose mannitol on serum and urine 
electrolytes and osmolality in neurosurgical patients 
P.H. Manninen, A. Lain, A. Gelb, S.C. Brown 
Department of Anaesthesia, University Hospital, 
London, Ontario 

High-dose mannitol (2 g-kg =j) has been shown to have 
a protective effect in acute focal cerebral ischaemia.t 
Clinically, we use high-dose mannitol as a protective 
measure during temporary or permanent cerebral arterial 
occlusion. The influence of low-dose mannitol on blood 
chemistry is known, but the intra-opemtive effects of high- 
dose mannitol in man have not been fully investigated. 
The purpose of this study was to compare the effects of 

I g-kg- I versus 2 g 'kg- ] of 20 per cent mannitol in man. 

Methods 
Informed consent was obtained from each subject. 
Fourteen patients scheduled for clipping of cerebral 
aneurysms were studied. Patients in whom temporary or 
permanent clipping of an artery was anticipated were 
given high-dose mannitol. Group A (seven patients) 
received 1 g-kg -t mannitol and Group B (seven patients) 
received 2 g.kg -1 . The patients were unpremedicated. 
Anaesthesia was with thiopentone 5 mg'kg- i ,  fentanyl 
2-3 tzg'kg -~ , succinyleholine I mg.kg -= , nitrous oxide, 
oxygen, isoflurane and pancuronium. PaCO2 was main- 
rained at 30-32 mmHg. After positioning and during 
steady state anaesthesia, mannitol was infused rapidly 
through a large-bore intravenous cannula. Blood was 
obtained for serum osmolality, electrolytes, bun, creati- 
nine, glucose, haemoglobin and haematocrit. Urine was 
obtained for osmolality and electrolytes. All samples 
were obtained at the following times: (1) preoperative, (2) 
after induction of anaesthesia, (3) after 1/3 of mannitol 
infused, (4) after 2/3 mannitol infused, (5) completion of 
mannitol, (6) 15 min postinfusion, (7) 30 min postinfu- 
sion (8) 60 min postinfusion, (9) recovery room, (10) 
postoperative (day 1). Statistical analysis within each 
group was performed with one-way analysis of variance 
for repeated measures and where significant Dunnet's test 
was used. Results between Group A and B were analyzed 
with two-way analysis of variance. 

Results 
Eleven females and three males (mean age 42.4 - 13 
years) were studied. The rate of infusion of mannitol for 
Group A was 3.4 g 'min-l  and Group B was 3.6 g.min -= . 
Serum Na + decreased in both groups during mannitol 
infusion with a greater decrease in Group B. Serum K + 
decreased in Group A but there was a significant increase 
in Group B. The increase in serum osmolality was greater 
in Group B. The other results were not significantly 
different. Urine output was greater in Group B as 
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TABLE Serum Na +, K +, bicarbonate and osmolality 
(mean • SD) Group A (1 g .kg-) ,  Group B (2 g-kg -~) 

Na + K § 
Time of 
sampling A B~" A B; ~ 

1 139 -+ 1.5 140 - 2.7 4.2 -+ 0.30 4.0 -+ 0.45 
2 137 -+ 2.2 138 "*" 2.9 3.8 -+ 0.44 4.4 -+ 0.22 
3 131 • 2.2* 129 -+ 3.6* 3.6 --- 0.46 4.2 -* 0.32 
4 129 -+ 2.8* 125 -+ 3.6* 3.6 -+ 0.39 4.3 "r 0.60 
5 130 -+ 4.3* 120 -+ 2.0* 3.8 -+ 0.50 4.7 -+ 0.86 
6 132 -+ 3.4" 124-+2.0 * 3.8-+0.50 5.1 -+ 0.83 ~' 
7 133+-3.4 * 126-+2.3" 3,9 �9 0.60 5.1 -+ 0.81" 
8 131 "4" 1.3" 129 -+ 1.7' 4.0 -+ 0.44 4.8 -+ 0.70 
9 137-+3.4 135-+5.0' 3.8-+0.45 4.0-+0.35 

|0 139-+2.9 140-+4.3 3.6-+0.27 3.7-+0.18 

Bicarbonate Osmolality 
Time of 
sampling A B A Bt" 

I 24•  27-+2 
2 21 -+ 2 23 ..t- 3* 285 -+ 10 285 -+ 7 
3 20 -+ 2* 20 -+ I * 299 -+ 5* 300 • 6* 
4 t9 -- 2* 20 -+ I* 301 -+ 5* 307 +- 8* 
5 19 • 2* 20 -+ I* 298 +- 4* 31,1 "r 10" 
6 20-+2* 20-+1" 295-+3* 307-+10 * 
7 20+2 * 20-+1 * 293~3 304+-10 * 
8 21-+1 21-+1" 290-*3 300--10" 
9 22-+2 21-+1' 292---4 295-+10 

10 25 :t: 1 24 -+ 1" 282 -+ 7 282 • 12 

*p < 0.05 within each group. 
~'p --- 0.05 between Group A and Group B. 

compared to Group A (1527 -+ 477 ml vs 748 -+ 353 ml). 
Urine electrolytes and osmolality showed no significant 
difference. 

Discussion 
We found that high dose ma~mitol (2 g 'kg -I) given rapidly 
significantly decreased serum Na + and increased osmo- 
lality in comparison to low dose mannitol. The most 
striking finding was the increase in serum K + . An 
explanation for this is the dilution of plasma bicarbonate 
producing an "expansion acidosis. ''2 Intracellular K + is 
then exchanged for extracellular H + . However, our study 
does not support this explanation as the changes in serum 
bicarbonate were not different between the groups. We 
conclude that the rapid infusion of high dose mannitol 
changes serum electrolytes. This may have important 
clinical implications for patients with underlying medical 
disorders and should, therefore, be given cautiously. 
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Haemodynamic effects of high-dose mannitol in man 
S.C. Brown, A.M. Lain, P.H. Manninen 
Department o f  Anaesthesia, University o f  Western 
Ontario, London, Ontario 

Low-dose mannitol (0.125-0.25 mg.kg -I)  can cause 

transient hypotension by decreasing systemic vascular 
resistance, t In neurosurgical practice it is not uncommon 
to administer high-dose mannitol (2 g,kg - t )  for its 
potential cerebral protective effect, yet the haemodynamic 
consequence of such a large dose ofmannitol  is unknown. 
The present study is undertaken to evaluate the haemody- 
namic effect of high-dose mannitol under clinical 

conditions. 

Methods 
The study was approved by the Institutional Ethics 

Committee. Seven patients, aged 22 to 63 scheduled for 
cerebral aneurysm surgery, whose surgical condition 

necessitates high-dose mannitol were studied. Anaesthe- 
sia was induced in a standardized manner, with fentanyl 

2 -3  p,g-kg - j ,  thiopentone 5 - 6  mg.kg - I ,  lidoeaine 1.5 
mg.kg -I and succinylcholine 1 mg.kg -~. Maintenance 

anaesthesia consisted of isoflurane 0 .5 -1 .0  per cent. 
N20/O2 (66/33 per cent), and pancuronium as required. 
End-tidal CO3 was maintained between 30-35  mmHg. 
Mannitol infusion began after the bone flap was raised, 
and haemodynamic measurements including heart rate 
(HR), systemic blood pressure (BP), pulmonary artery 
pressure, central venous pressure (CVP), and pulmonary 
wedge pressure (PCWP) were taken during five measure- 
ment periods; (I) before infusion of mannitol, (ILl) after 
1/3 infusion of mannitol, (III) after 2/3 infusion, (IV) 
after completion of infusion and (V) 15 min after 
completion of infusion. Cardiac output (CO) by thermo- 
dilution performed in at least duplicates were measured 
only during measurement periods l, IV and V. All 
measurements were recorded during as near steady state 
as possible; inspired isoflurane concentration was 
maintained constant throughout the study periods, and 
stages of intense surgical stimulation such as raising the 
bone flap were avoided. The study was to be discarded if 
other drugs had to be administered to control unaccept- 
able haemodynamie values. For statistical analysis, 
one-way ANOVA for repeated measures was employed, 
and where significance was observed (p < 0.05), Dun- 
nett's test was used for comparison with control values. 
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TABLE Results 

l 11 Ill 

Mean BP (mmHg • SEM) 114-+6 108-+6 109-+6 
CVP (mmHg • SEM) 4---1 6• 7• 
PCWP (mmHg -+ SEM) 8 -+ 1 l0 +- 2 14 • 2* 
C.O. (L'min-~)l" 5.75 • 0.40 
SVR (dyne-s.cm-5)t 11115.1 -+ 139.2 

/V V 

Mean BP (mmHg • SEM) 112 ~- 8 115• 
CVP (mmHg • SEM) 7 -+ 2* 3 -+ 1 
PCWP (mmHg • SEM) 12 -+ 2* 6 • 1 
C.O. (L'min-t)~ 7.28 • 0.42* 6.13 • 0.22 
SVR (dyne.s.cm'5)? 773.9 -+ 95.2* 989.9 -+ 95.2 

*Significantly different from control p < 0.05. 
tn = 6. 

Results 
All patients were successfully studied and there were no 
complications. With the exception of cardiac output, 
which was not determined in one patient, all other 
haemodynamic data were collected as planned. Infusion 
of mannitol was completed within 30 rain in all patients. 
The transient decrease in systemic blood pressure was 
small and not statistically significant. Increases in CVP 
and PCWP were significant and lasted until completion of 
the infusion, but returned to control values after 15 min. 
The most striking observation was the increase in cardiac 
output and the decrease in systemic vascular resistance 
(SVR). The decrease in vascular resistance masked the 
increase in cardiac output, accounting for the nearly 
unchanged systemic blood pressure. By 15 min post- 
infusion the cardiac output as well as the vascular 
resistances had returned to normal values (Table). 

Discussion 
Our study showed that high-dose mannitol infusion is 
accompanied by increases in filling pressures, decrease in 
systemic vscular resistance and increase in cardiac 
output. Transient hypotension may or may not occur, 
depending on the balance between the resistance and 
cardiac output. The previous study on low-dose mannitol 
reporting significant transient hypotension was carried 
out in patients with coronary artery disease undergoing 
cardiopulmonary bypass. Since none of our patients had 
known cardiovascular disease, it is conceivable that more 
severe and potentially dangerous haemodynamic conse- 
quences could occur when high-dose mannitol is adminis- 
tered to patients with limited cardiac reserves. Should this 
be necessary because of surgical requirement, benefits 
must be balanced against the risks. 
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Dose low-dose lidocaine have a protective effect in 
focal cerebral ischaemia? 
A.M. Lain, A.W. Gelb, G.K. Steinberg, 
P.H. Manninen, A. Rassi Neto 
Departments of Anaesthesia and Clinical Neurological 
Sciences, University of  Western Ontario, London, 
Ontario 

It has been suggested that lidocaine has a protective effect 
on cerebral ischaemia. However, a recent study using 
high-dose lidocaine failed to demonstrate this) It is 
possible that the haemodynamic consequences of high- 
dose lidocaine outweighed any protective effect. Indeed, 
lidocaine in low doses has been shown to be beneficial in 
focal cerebral ischaemia created by air embolism. 2 
However, these animals were only studied for two hours. 
We have therefore monitored somatosensory evoked 
potentials (SEP) during and for six hours after permanent 
unilateral middle cerebral artery occlusion in cats to 
assess the influence of lidocaine compared to saline on 
focal cerebral ischaemia. 

Methods 
Twenty cats had tourniquets implanted around their left 
middle cerebral artery using a transorbital approach under 
halothane anaesthesia at least one week prior to the actual 
occlusion. All animals were allowed to recover following 
the implant and were judged neurologically normal 
before occlusion. On the day of occlusion, under halo- 
thane anaesthesia (1.0 per cent inspired) the cats were 
randomly assigned to receive either intravenous lidocaine 
5 mg.kg- or an equivalent volume of saline ten minutes 
before occlusion of the middle cerebral artery. SEP were 
recorded from silver/silver chloride electrodes placed 1 
cm lateral to the midline on the coronal suture. Stimuli 
were delivered to the median nerves using needle elec- 
trodes and the intensity was adjusted to produce visible 
twitches of the paw. Ban@ass filter was set between 5 to 
3000 Hz. At least 256 sweeps of 20 msec were averaged. 
The SEP was evaluated according to the amplitude of the 
primary positive and negative peaks. We have previously 
determined that low-dose lidocaine does not influence the 
recording of the evoked responses. SEP were recorded 
prior to occlusion, every five minutes for the first 30 
minutes, and then evey 30 minutes until the end of six 
hours from the time of occlusion. For comparison 
between the two groups, both the presence of the SEP and 
the amplitude of the peaks were assessed. 
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TABLE Number of animals with preserved SEP 

Time after occlusion 15 rain 30 rain 60 rain 120 rain 240 rain 

Lidocainr (N = 10) 4* 3 3 5 5 
SMine (N = 9) 0 1 2 2 4 

*p < 0.05 

Results 
Ten cats in the lidocaine and nine cats in the saline group 
were successfully studied. There was no difference in 
blood pressure, heart rate or anaesthetic depth between 
the two groups during the course of the study. In the 
lidoeaine group, SEP persisted in 40 per cent of the cats 
immediately following occlusion of the artery vs, 0 per 
cent in the saline group (p < 0.05 by Chi Square). 
However, gradual recovery occurred subsequently in 
both groups and differences did not exist at the end of the 
experiment (Table). Similarly in the animals that re- 
covered the SEP, no differences in amplitude could be 
demonstrated between the two groups. 

Discussion 
A transient protective effect of lidocaine was demon- 
strated based on an electrophysiological evaluation using 
the SEP which provides a functional assessment of 
cerebral integrity. As the lidocaine was given as a bolus, 
its effect may have dissipated during the course of the 
experiment. Our results probably differ from Evans 2 
because air embolism produces a less severe ischaemic 
injury than complete vessel occlusion. 

Supported by Ontario Heart & Stroke Foundation. 
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Effects of high frequency vs. conventional 
mechanical ventilation on intracranial and cerebral 
perfusion pressures 
M. Bellefleur, J. Layon, T.J. Gallagher, L.S. Berman, 
D.D. Davidson 
Department of  Anaesthesia, Pediatrics and Surgery, 
University of  Florida, College of  Medicine, Gainesville, 
Florida 

When brain injury is combined with a lung injury that 
requires the use of positive end-expiratory pressure 
(PEEP), high frequency jet ventilation (HFJV) may 

C A N A D I A N  A N A E S T H E T I S T S '  S O C I E T Y  ] O t J R N A L  

be preferable to conventional mechanical ventilation 
(CMV), because the lower peak inspiratory (PIP) and 
mean airway (Paw) pressures that may be associated with 
HFJV 1 are postulated to result in lower intracranial 
pressure (ICP). 2 We compared the effects of the two 
modes of ventilation on ICP and cerebral perfusion 
pressure (CPP) in a combined brain/lung-injury model. 
Unlike previous studies, 3'4 barbiturates were not used; 
ICP was specifically elevated to the steep portion of the 
cerebral compliance curve; and PEEP was used concomi- 
tamly with HFIV. 

Methods 
Six mongrel dogs (16-22 kg) were studied. They were 
paralysed throughout the experiment with succinylcbo- 
line. Anaesthesia was induced and maintained with 
NzO/Oz and isofturane. An endotracheal tube, sub- 
araehnoid bolt, and venous, arterial, and flow-directed 
pulmonary arterial catheters were placed. A Fogarty 
balloon catheter was placed intradurally contralateral to 
the subarachnoid bolt and inflated until an increase in 
volume of 0.5 ml increased ICP by ~> 5 mmHg. Lung 
injury was effected with oleic acid, 0.075ml'kg -1, 
infused into a central vein 1.5 hr before data collection. 
Isoflurane was then discontinued and anaesthesia was 
maintained with 70 per cent NzO and 02. After analysis 
of exhaled gases showed no isoflurane, data were 
collected during alternating periods of CMV and HFJV, 
each at 0, 10, and 15 cm H20 of PEEP. CMV was applied 
with a tidal volume of 15 ml.kg- 1 and a rate appropriate to 
keep PaCO2 at 35-40 mmHg. HFJV was applied at a rate 
of 100 breaths/min, an inspiratory time of 30 per cent of 
the respiratory cycle, and a drive pressure appropriate to 
keep PaCO2 at 35-40 mmHg. Metabolic acidosis and 
systemic hypotension were treated with sodium bicarbon- 
ate and intravenous fluids; temperature was maintained at 
37"C. ICP, PIP, blood pressure (BP), cardiac output 
(CO), pulmonary artery (PAP) and capillary wedge 
(PCWP) pressures, and arterial blood gas values were 
measuring 20 min after HFJV or CMV was adjusted. Paw 
was calculated by planimetry. Data were evaluted with 
analysis of variance and Duncan's multiple range test; 
values are means _+ SD. 

Results 
pH (7.39 -+ 0.03), PaCO2 (37 -+ 2 mmHg), BP (121 + 
15mmHg) PAP (17 "4- 5mmHg),  and CO (1.3 +- 
0.6 L'min -l) did not differ significantly among the six 
conditions (pooled data). PCWP ranged between 1-14 
mmHg and tended to be higher with CMV than HFJV at 
PEEP > 0 cm H20. PaO2 was > 50 mmHg in all cases. 
PIP and P ~  correlated positively with the level of PEEP 
for HFJV and CMV and were consistently lower with 
HFJV than with CMV at each level of PEEP (p < 0.05; 
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TABLE Effects of CMV and HFVJ on ventilatory and cerebral 
pressures 

0 cm H20 PEEP 

CMV HFJV 

PIP (cm H20) 17.2 +- 1.6 12.8 --- 3. I* 
Paw (era H20) 5.8 -+ 0.5 3.0 --- 0.5* 
ICP (mmHg) 33.2 -+ 4.1 34.3 -+ 4.1 
CPP (mmHg) 87.7 -+ 5.6 89.8 • 4.8 

10 cm H20 PEEP 

CMV HFJV 

P1P (cm HxO) 24.3 - 1.1 18.0 -+ 1.85" 
Paw (cm H20) 13.2 -4- 1.0 11.3 - 0.4 
ICP (mmHg) 33.5 * 3.7 33.8 ~ 4.1 
CPP (mmHg) 87.3 • 5.7 90.3 -+ 6.5 

t5 cm H20 PEEP 

CMV HFJV 

PIP (era H20) 31.8 ~ 2.2 24.7 -+ 2.11" 
Paw (era H20) 19.2 - 1.2 16.7 - 0.9* 
ICP (mmHg) 34.3 + 4.7 35.2 + 3.9 
CPP (mmHg) 82.3 - 5.7 86.5 *- 6.7 

Values are means -+ SD. Abbreviations are defined in the text. 
*p < 0.05 or ?p < 0.01 compared with CMV. 

w 

Table). ICP and CPP did not differ significantly between 
HFJV and CMV at any level of PEEP. Correlation 
analysis confirmed that ICP and airway pressures were 
not correlated. 

Discussion 
The two modes of ventilation affected airway pressures in 
the expecte__d manner, HFJV producing lower values of 
PIP and Paw at each level of PEEP. However, these dif- 
ferences were not reflected intracranially, despite mea- 
suring ICP at values along the steep portion of the cerebral 
compliance curve. These findings may be explained by 
the normalization of BP at higher levels of PEEP, and by 
less transmission of airway pressures to the intracranial 
compartment because of decreased lung compliance. 
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The effects of thoracic aortic occlusion on the canine 
cerebral circulation 
R. Kozody, C.H. Kehler, P.C. Duke, J. Parrott, 
R.J. Palahniuk, J.G. Wade 
Departments of Anesthesia and Cardiovascular Sur- 
gery, University of Manitoba, Winnipeg, Manitoba 

Occlusion of the thoracic aorta is associated with marked 
alterations in systemic haemodynamics. ~ The effects of 
the acute haemodynamic changes on the cerebral eircula- 
finn am unclear. 2 The present study was undertaken to 
determine the effects of thoracic aortic occlusion and 
subsequent clamp release on cerebral blood flow (CBF) 
and cerebral spinal fluid (CSF) pressure in dogs. 

Methods 
Six mongrel dogs weighing 15-24 kg were anaesthetized 
with pentobarbitone and paralyzed with pancuronium. 
Their tracheas were intubated, and the animals were 
ventilated (FIe2 1.0) to maintain a PaCe2 of 35-42 
mnfl-lg. Three cerebral blood flow measurements were 
made in each dog using 15 .4- 0.05 p,m microspheres 
labelled with Cerium 141, Chromium sl or Strontium 8s. 
The microspheres were injected through a left atrial 
catheter and sampled from a brachial arterial line. 
Haemodynamic measurements were made using a femo- 
ral arterial line, a brachial arterial line and a pulmonary 
artery thermodilution catheter. Cerebral spinal fluid 
(CSF) pressure was measured using a left parietal 
subarachnoid bolt and a lumbar subaraclmoid catheter. 
Following the surgical preparation, end tidal CO2, PaO2, 
pH and MABP were stabilized. A control CBF measure- 
ment was made and the thoracic aorta was cross-clamped 
immediately distal to the left subclavian artery and a distal 
clamp was placed just beyond the origins of the last pair of 
intercostal arteries. Ten minutes following aortic occlu- 
sion a second CBF measurement was made. The thoracic 
aorta was occluded for one hour, following which the 
clamps were removed. Ten minutes following clamp- 
release, a third CBF measurement was made. The dogs 
were exsanguinated, the brain removed, and scintillation 
counting of tissue from 12 cerebral regions was per- 
formed. The data were analyzed using Tukey's Test or 
Bartlett's Test, followed by a repeated measures ANOVA 
or completely randomized ANOVA and Duncan's Test. 

Results 
The results are summarized in the Table. Following 
thoracic aortic occlusion, a significant proximal hyper- 
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TABLE Results 

Following Following 
Control occlusion release 

CBF (ml.lO0 g-Lmin - I )  61 - 7 56 -+ 4 123 • 22t  
CO (ml.kg-t 'min - t )  144 -+ 7 159 - 36 140:1:17 

MABP (mmHg) - Bmchial 102 -+ 4 133 -+ 6 '  104 • 5 

- Pcmond I I  -+ I t  
CVP (mmHs) (~ = 5) 3 • I 5 -+- I t  2 • 1" 
ICP (mmHg) 6 -  + I I1 • I* 11 • I* 
Lembar CSF pressar~ 

(mmHg) 6 • I 10 • I* I0 • I* 
Pan3"2 (rnmHg) 39 :t. I 36 • I 62 • 3t  
Pan2 (mmHg) 325 - 54 296 -+ 51 155 -+ 34~" 
pH 7,33 *-- 0.01 7.32 *-- 0.02 7.01 • 0,04~ 

n = 6 in each group unless otherwise indicated, values expressed as mean • SEM. 

*p < 0.05. 
~'p < 0.01 compared to control. 

tension and distal hypotension were observed. Aortic 
occlusion produced similar significant increases in both 
ICP and lumbar CSF pressure. The increased CSF 
pressure following aortic occlusion was associated with 
an increased CVP, but no change in CBF. Following 
clamp release a significant increase in PaCO2 was 
observed, while pH and Pan2 significantly decreased. 
The increased PaCO2 was associated with a marked rise 
in CBF. Both ICP and lumbar CSF pressure remained 
unchanged from post aortic occlusion values following 
clamp release. 

Discussion 
Under pentobarbitone anaesthesia, thoracic aortic occlu- 
sion produces a significant increase in CSF pressure 
without significantiy altering CBF, providing MABP 
does not exceed the upper pressure limit of CBF autoregu- 
lation. The observed increases in ICP and lumbar CSF 
pressure following aortic occlusion may be secondary to 
an increase in cerebral blood volume. Release of the aortic 
clamps results in a significant hypercarbia which is 
associated with a marked increase in CBF. These physio- 
logical alterations should be considered in patients 
undergoing thoracic aortic occlusion without the use of 
shunting or partial bypass. 
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Visual evoked potential changes following trans- 
urethral prostatectomy - correlation with glyclne 
absorption and ammonia metabolism 
A.J. Cunningham, W. Casey, V. Hannon 
Department of Anaesthesia, St. Vincent's Hospital, 
Dublin, Ireland 

[ntmvascular absorption of irrigating fluid during trans- 
urethral prostatic resection (TURP) depends on the 
number and size of open venous sinuses, the duration of 
resection and the hydrostatic pressure employed. Glycine 
1.5 per cent, a non-essential amino acid, is a popular 
irrigation fluid because of its low cost, non-electrolytic 
and good optical properties. Glycine functions as an 
inhibitory neurotransmitter at synapses in the retina, pons 
and medulla. Neurotoxicity from systemic glycine ab- 
sorption or its metabolites have been implicated in reports 
of blurred vision, transient blindness and pupillary 
dilatation. 

Intermediate latency, cortical, far-field, visual evoked 
potentials (VEPs) may be employed to monitor visual 
pathways 2 The objectives of this study were to assess the 
systemic absorption and hepatic metabolism of giycine 
daring TURP and the correlation with changes noted in 
VEPS. 

Methods 
Ten unpremedieated, ASA physical status I-lI, patients 
undergoing elective TURP with 1.5 per cent glycine 
irrigation were studied. Standard subarachnoid anaesthe- 
sia with bupivacaine was employed. Crystalloid 500 ml 
was infused prior to subarachnoid block. Five patients 
having surgery with subarachnoid block, without glyeine 
administration, served as controls. Electrocardiographic, 
blood pressure and temperature monitoring was em- 
ployed. Blood samples were withdrawn from an arterial 
line before resection and every 15 minutes thereafter for 
120 minutes to measure serum sodium, potassium, 
chloride, glucose, osmolarity, glycine and ammonia 
levels. VEPs were elicited with bioeular flashes (rate 
l.l-s) by means of a photic stimulator. Bipolar evoked 
potentials were recorded from scalp electrodes Oz and Cz 
with right frontal ground. Electrical activity was am- 
plified • 4 and evoked responses were recorded after 128 
computer averages. A cursor measured the major positive 
(P2) peak latency. VEPs were recorded prior to resection 
15 minutes after resection ended and 120 minutes 
following resection. Data were analysed by Student's 
t-test for paired date, analysis of variance and linear 
regression coefficients p < 0.05 was considered sig- 
nificant. 

Results and discussion 
Significant rises in serum glyeine and ammonia were 
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FIGURE Results. 

noted within the first 60 minutes following resection in 
the glyeine irrigation group, coupled with prolongation of 
the latency of the dominant positive peak of the VEP 
(Figure). No alteration in VEP latency was noted in the 
control group. The correlation in this study between 
elevated serum glycine/ammonia and prolonged VEP 
latency suggests that visual disturbances following TURP 
may more likely result from glycine's role as inhibitory 
retinal neurotransmitter or hyperammonia's role in reduc- 
ing central neurotransmitters rather than the commonly 
postulated occipital cortical oedema aetiology. 
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Incidence of pre-bypass ischaemia during sufentanil/ 
02Jpancuronium anaesthesia in patients undergoing 
coronary artery surgery 
C. Litak, D. Ansley, J.E. Wynands, F.E. Ralley, H. 
Fullerton, A.R. Ripley, M.H. Sami 
Department of Anaesthesia, McGill University and 
Royal Victoria Hospital, Montrral, Qurbec 

Sufentanil has been suggested as a better anaesthetic for 
patients undergoing coronary artery bypass grafting 
(CABG). t Investigators have found sufentanil to provide 
more stable haemodynamics at times of stimulation in the 
pre-bypass period. This increased stability might lead to a 
decreased incidence of intraoperative myocardial ischae- 
mia, which previous studies using varying anaesthetic 
techniques, have shown to range between 37 and 50 per 
cent. 2,~ 

The aim of this study was to detect the incidence of pre 
bypass ischaemia by Holter monitoring while recording 
haemodynamic parameters in an attempt to assess the 
value of moderately high dose sufentanil (20 Ixg.kg -~) 
in patients undergoing CABG surgery. 

Methods 
With institutional approval, written consents were ob- 
tained from twenty patients with ejection fractions ---0.40 

scheduled for elective CABG surgery. All patients were 
receiving beta blockers, with 9/20 and 16/20 receiving 
organic nitrates and calcium channel blockers, respec- 
tively. These medications were continued until the time 
of premedication which consisted of diazepam 0.15 mg. 
kg -t PO, morphine 0.15 mg.kg -t IM and scopolamine 
0.4 mg IM. A Holter monitor recording modified V6 and 
V9 leads was applied prior to entry into the OR. 
Intravenous, radial artery and thermodilution pulmonary 
artery catheters were inserted (under local anaesthesia). 
Haemodynamic profiles were recorded during the pre- 
bypass period at the following intervals: (A) before 
induction (baseline); one minute after (B) induction, (C) 
intubation, (D) skin incision, (E) stemotomy and at (F) 
aortic dissection. Sufentanil 101xg-kg -t at a rate of 
175/~g'min -I with pancuronium (PCB) 0.1 mg-kg -t at 
2 mg.min -l were given for induction. Additional sufen- 
tanil 5 Izg'kg -t was given at one minute before skin 
incision and sternotomy. Heart rate (HR) and blood 
pressure (BP) were maintained within 20 per cent of the 
averaged ward values (control). For elevated HR and/or 
BP incremental doses of sufentanil (25 to 50 I~g) followed 
when necessary by infusion of nitroglycerin or the 
addition of an inhalational anesthetic. For lowered BP 
volume and when necessary infusion of phenylephrine 
were given. Holter tapes were examined retrospectively 
by an independent cardiologist for evidence of isehaemia 
defined as depression or elevation of ST segment -->0.01 
mV in either lead. Student's "t" test was used to compare 
differences in averaged haemodynamic variables where 
appropriate, p < 0.5 was considered statistically sig- 
nificant. 

Results 
Four patients, at the times indicated by the numbers in 
parentheses in the Table, developed myocardial ischae- 
mia during the pre-bypass period. Hypotension oc- 
curred in 11 patients; appeared most often after induction; 
was accompanied by a decrease in systemic vascular 
resistance and an increase in cardiac index and required 
phenylephrine to correct in the majority of cases. Hyper- 
tension occurred in eight patients and was corrected in the 
majority of cases with additional sufentanil. The HR 
increased significantly from baseline recordings but was 
not increased when compared to those of ward controls. 
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TABLE Numbers of patients with changes in parameters oc- 
curring at the time studied. Numbers in parentheses are those 
patients who were ischaemie at the time indicated. N = 20 

Time 

B C D E F Total 

lschaemic ECG 2 3 l 1 0 4 
Hypotension 7(2) 5(2) 2 2 1 11(3) 
Hypertension 0 3(1) I 4 3 8(1) 
HR-increased 0 1 ( l ) 0 0 0 l ( 1 ) 
PCWP-elevated 1(1) 2(2) 0 0 0 3(3) 

*Continuous Holter monitor. 

Ischaemia was most frequently associated with hypoten- 
sion and elevated pulmonary capillary wedge pressures 
(pcwP). 

Discussion 
Myocardial ischaemia occurred in 20 per cent of patients 
anaesthetized with 20 ~g.kg -~ of sufentanil. This inci- 
dence of ischaemia is similar to that obtained with 
fentanyl O2/PCB technique in this institution and com- 

pares favourably with that reported elsewhere in the 
literature. Myocardial ischaemia as related to changes in 
BP, FIR, contractility and filling pressures appeared to 
occur most often in patients developing hypotension and 
elevated PCWP's. 

We were unable to achieve the degree of stability 
reported by others using sufentanil in patients undergoing 
CABG surgery. We believe the dose and rate of adminis- 
tration of sufentanil contributed to the incidence of 
hypotension and ischaemia. Pre-induction fluid loading 
and titration of the drug to the desired haemodynamic 
effects may be a more effective method of administration. 
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aimed at avoiding haemodynamic instability at this time. 
Undesirable events such as tachycardia and hypertension 
may be due to inadequate beta blockade during narcotic- 
O2 anaesthesia. We wished to assess the effect of 
esmolol, an ultra-short-acting beta blocker, on pre- 
bypass ischaemia arrhythmias and anaesthetic require- 
ments. 

Methods 
Thirty patients scheduled for elective myocardial revas- 
cularization were studied using a randomized, double- 
blinded technique. A high-dose fentanyl-O2 anaesthetic 
technique was used for all patients. Group I received an 
infusion of esmolol, initially at 500 p,g.kg-l.min -t for 
4 rain, followed by a maintenance infusion of 300 p,g. 
kg-l.min -1 until the start of CPB. Group H received an 
infusion of five per cent dextrose. All patients were fitted 
with a Holter monitor, from arrival in the OR until the 
start of CPB. Modified V6 and V9 leads were observed to 
detect left ventricular ischaemia. Haemodynamic profiles 
were recorded at specific intervals in the pre-bypass 
period. The incidence, in each group, of pre-bypass 
ischaemia and significant arrhythmias was compared 
using Chi-squared analysis with Yates correction for 

continuity. The lotal time at MAC concentration of 
isoflurane was recorded in each patient and the differ- 
enees compared using Student's t test. The null hypothe- 
sis was rejected when p < 0.05. 

Results 
Four patients developed ischaemia during the pre-bypass 
period (ranging from 5 see-5 min), giving an overall 
incidence of 13.3 per cent. Three patients were in the 
control group and one in the esmolol group (Table). In all 
patients these episodes occurred at the time of aortic 
dissection or cannulation. The incidence of "complex 
ventricular arrhythmias" that occurred at this time was 
reduced from 73.3 per cent in the control group to 26.7 
per cent in the esmolol group. Additional volatile 
anaesthetic requirements was reduced by up to 75 per cent 
in the esmolol group. 

The role of an ultra-short-acting beta blocker 
(esmolol) in patients undergoing coronary artery 
surgery 
F.E. Ralley, L. Harrison, J.E. Wynands, G.R. Robbins, 
M.H. Sami, A.R. Ripley, H.A. Fullerton 
Departments of Anaesthesia and Cardiology; McGill 
University and Royal Victoria Hospital, Montrdal. 
Quebec 

The incidence of pre-bypass isehaemia still remains 
significant t,2 despite advances in anaesthetic techniques 

Discussion 
Recent studies still show the incidence of pre-bypass 
ischaemia to range from 37-50 per cent. ~,2 We believe 

TABLE Incidence of pre-bypass ischaemia and arrhythmias 

Ischaemia Arrhythmias 

Esmolol 1/15 (6.7%) 4/] 5 (26.7%) 
Control 3/15 (20%) 1 Ill 5 (73.3%) 
X 2 NS 0.05 p 0.02 
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that the degree of beta blockade was a major contributing 
factor to our lower incidence of 13.3 per cent. Sill et al. 
concluded that the plasma propranolol concentration was 
a major factor influencing haemodynamic responsiveness 
to stressful stimuli during CABG surgery. 4 In all four 
patients the ischaemie episode occurred during a period 
often associated with haemodynamic instability. Three of 
the four patients were in the control group. This may be 
related to the loss of the therapeutic effect of the 
preoperative beta blockade during the pre-bypass period, 
compared to the effective therapeutic plasma levels 
maintained by the esmolol infusion. It might also be 
speculated that these therapeutic plasma levels also 
attenuated the ventricular response to catecholamines, so 
significantly reducing the incidence of arrhythmias at this 
time. Narcotic requirements have been shown to be 
reduced in patients on chronic beta-blocker therapy. 5 
With the growing concern of the detrimental effect of the 
volatile agents on the myocardial vasculature, the reduc- 
lion in isoflurane requirement seen in the esmolol group 
may be of some clinical relevance. Esmolol offers a 
unique advantage of rapid, controllable levels of beta- 
blockade, which may reduce the haemodynamic instabili- 
ty due to noxious stimulation in the pre-bypass period, 
and in turn help reduce the incidence of pre-bypass 
ischaemia and arrhythmias. In addition it favourably 
reduces the requirements for additional volatile anaes- 
thesia. 
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Nitrous oxide causes deterioration of myocardial 
function and blood flow during ischaemia 
H.J. Nathan 
Department of Anaesthesia, University of Ottawa, 
Ottawa, Ontario 

This study compared two equipotent anaesthetic regi- 
mens to test if nitrous oxide, without changing the level of 
anaesthesia, can affect myocardial function and blood 
flow in an ischaemic region of the heart. 

Methods 
Eight dogs were induced with thiopentone, intubated, and 
ventilated with isoflurane in oxygen during instrumenta- 
tion. The left anterior descending coronary artery was 
cannulated and blood flow through it controlled using an 
autoperfusion circuit and screw clamp. Myocardial func- 
tion was measured in the anterior wall of the left ventricle 
by implanting two plezo-e/ectric crystals in the subendo- 
cardium and recording segment length changes with a 
sonomicrometer. Regional myocardial blood flow was 
measured with left atrial injections of 15 micron micro- 
spheres labelled with 141Ce, SSSr, or 95Nb. 

Blood flow to the anterior left ventricular wall was 
diminished by tightening the screw clamp until segment 
shortening was decreased by 20 to 50 per ccnt. A parallel 
bypass shunt was then opened to restore coronary blood 
flow and allow recovery. The identical stenosis was 
re-applied bY clamping the bypass shunt during two 
anaesthetic treatments with a 45-minute recovery period 
between. Ischaemic measurements were made after 
imposing the flow restriction, when myocardial function 
and haemodynamics were stable. This required less than 
ten minutes of ischaemia. 

The treatments were 1.8 per cent (end-tidal) isoflurane 
in 50 per cent N2 and Oz and 1.4 per cent isoflurane in 50 
per cent NzO and 02. Both were estimated to be 1.3 MAC 
for the dog. Myocardial function is reported as per 
cent systolic segment shortening and equals 100• 
(end diastolic length-end systolic length)fiend diastolic 
length). Myocardial perfusion is reported as endo/epi 
ratio, the ratio of blood flow in the inner third of the 
myocardium (subendocordium)/blood flow in the outer 
third (subepieardium). The order of  treatment was ran- 
domized and balanced (i.e., four received N20 first and 
four received N2 first). 

Results 
Seven of the eight animals showed diminished shortening 
and decreased endotepi blood flow ratio while receiving 
nitrous oxide. There was no effect of treatment sequence. 
The Table shows that heart rate and mean arterial pressure 
did not change s!gnificantly while shortening was dimin- 
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TABLE Effect of N20 during myocardial ischaemia 

Ana~st~tic 

Mean ~stolic 
arleried segment Endotepi 

Heart rate pressure shortening blood flow 
(bpm) (mmHg) % ra~io 

Isotlm'ane 
1.8% 121-2_9.5 91.6-* 16 15.1 -*4.8 0.56_+0.I7 
in 50% N2tO2 

Isofiurane 
1.4% 125- + I0.7 99.4-* 15.7 12.1 -*4.6 0.43• 
in 50% N20/O2 

Mean difference -4. l -7.8 3.0 O. 14 
SEM difference 1.8 3.9 0.88 0.05 
P NS NS <0.05 <0.05 

First two rOws are mean -+ SD. 
P is pmb~.bility that the diffemtace is due to cknncr as calculated by a 2-tailtd 
paled T-teSl. 

ished by 20 per cent and the endo/epi blood flow ratio fell 
by 25 per cent. 

Discussion 
Nitrous oxide caused a deterioration in myocardial 
function and myocardial blood flow distribution in an 
ischaemie region of the heart. This effect was demon- 
strated using equipotent anaesthetic techniques with and 
without nitrous oxide and this result is therefore unlikely 
to be due to a change in depth of anaesthesia. 

Segment length changes measured by the sonomicrom- 
eter reflect regional myocardial function. The changes 
reported here likely indicate subendocardial but not trans- 
mural isehaemia. The low endo/epi blood flow ratio 
indicates loss of coronary vasodilator reserve and an 
adverse myocardial energy supply/demand ratio. 

The combined findings in this study of diminished 

shortening and diminished endo/epi ratio together suggest 
that the use of nitrous oxide exacerbated the ischaemic 
process. Whether this effect was due to an increase in 
myocardial energy demand or due to a direct action of 
nitrous oxide on the coronary vessels causing a maldis- 
tribution of blood flow will require further studies. 

Global and regional  myocardia l  effect of  verapamii  
when added to fentanyi  
J.G. Ramsay, C.C. Arvieux, P Fo~x, W.A. Ryder, 
L.A. Jones 
Nuffield Department of Anaesthetics, Oxford University, 
Oxford, England 

Intravenous verapamil during isoflurane anaesthesia re- 
suits in depression of global cardiac performance I and 
regional contraction abnormalities in the dog. 2 As large 
doses of opiates are commonly employed in cardiac 
anaesthesia, we assessed the effect of inU-avenous vera- 
pamil in the presence of fentanyl. 

Method 
Under haiothane anaesthesia seven dogs were instru- 
mented to measure global left ventrieular (LV) perfor- 
mance, and wall motion in the apical and basal regions 
(sonomicrometry). Halothane was then replaced by fen- 
tanyl, 100 i~g-kg -I (loading dose) plus 3 Ixg.kg -1 (main- 
tenance dose). After control measurements, verapamil 
0.25 mg.kg -1 was administered over 30 min followed by 
3 Ixg'kg - t ,  and measurements were repeated 30 rain after 
the start of the loading dose. 

Results 
Verapamil caused an increase in PR interval, and modest 
reductions in mean arterial pressure (MAP) and indices of 
contractility (LV dP/dt max., LV peak power; Table). No 
other indices of global cardiac function were significantly 
altered, although there was a trend to reduced heart rate 
(HR), cardiac output (CO), and systemic vascular resis- 
tance (SVR). End diastolic length (EDL) and per cent 
systolic shortening (%SS) were maintained in both 
segments (Table). The increase in post-systolic shorten- 
ing (PSS) in the apical segment although significant, was 
of small magnitude (six per cent of total shortening). 

Discussion 
The results demonstrate mild depression of contractility 
when verapamil is added to fentanyl; however, pump 
function (expressed as stroke volume (SV)) is maintained 
because of vasodilation. At variance with the effect of 
verapamil in the presence of isoflurane, where marked 

TABLE Effect of verapamil on global and regional fimction. 
Mean data for 7 dogs (--- SEM) 

Fentanyl Fentanyl-verapamil 

HR (.rain -1) 120 • 7.6 109 • 6.7* 
PR (msec) 100 • 4 146 -+ 9* 
MAP (mrnHg) 121 -+ 3.4 96 • 3.7* 
LV dP/dt (rmnHg.s-') 2399 -r 129 2050 -- 141" 
LV Peak Power (roW) 6126 - 581 5065 -+ 721' 
SV (ml) 31-+2.7 31-+3.1 
CO (mJ..min -~) 3714 - 310 3329 -+ 278 
SVR (dyne's'cm -5) 2710 -+ 210 2427 • 256 

Apical segment: 
EDL (nun) 13.2 -+ 1 13.2 -- 1 
%SS 24.8-+ 1.9 24 • 1.7 
%PSS 1.1 -+ 0.9 6 • 1,7" 

Basal segment: 
EDL (mm) 12 • 0.5 12.1 -r 0.6 
%SS 14.3 • 1.9 15.1 -+ 1.7 
%PSS 10.0 �9 2.7 8.7 +- 3,9 

*Indicates p < 0.05. 
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depression and apical segment dysfunction were ob- 
served, 2 the effect of verapamil on regional wall motion 
in the presence of fentanyl was very small. This suggests 
that with isoflurane there is a drug interaction, possibly 
mediated via Ca ++ channels, where as with fentanyl 
the effect is only that of verapamil. The association 
verapamil-fentanyl may be better tolerated than vera- 
pamil-isofturane. 
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Myocardial metabolism and haemodynamic 
responses with fentanyl-halothane anaesthesia in 
hypertensive patients undergoing coronary arterial 
surgery 
D.J. O'Brien, E.A. Moffitt, A.J. McIntyre, D.D. Imrie, 
C.E. Kinley, J.A. Sullivan, D.A. Murphy 
Departments @Anaesthesia, Pathology and Surgery, 
Dalhousie University, Halifax, Nova Scotia 

It has previously been shown that fentanyl-halothane 
anaesthesia effectively maintained haemodynamic de- 
pression and myocardial oxygen balance in normotensive 
patients receiving fentanyl-halothane, l We have now 
studied this same drug combination in long-term, treated 
hypertensive patients undergoing coronary artery bypass 
grafting (CABG). Coronary sinus blood flow (CSBF), 
MVO2, and myocardial lactate extraction (MLE) were 
correlated with haemodynamics before, during and after 
anaesthesia. 

Methods 
Ten patients, seven male and three female, gave informed 
consent to participate in the study which had institutional 
approval. All were treated hypertensives with preserved 
ventrieular function. Means (~) were age = 65.7 years, 
weight = 73.4 kg, ejection fraction = 0.71, cardiac index 
(CI) = 2 .32L.min- l .m 2, LVEDP = 12mmHg. Nine 
patients had NYHA disability Class Ili or IV. All patients 
were taking beta-adrenoceptor blocking agents and cal- 
cium channel antagonists continued to the day of opera- 
tion. Six were also taking other antihypertensive medi- 
cation. 

After diazepam and morphine premedication (g = 11 
and 12 mgs), a radial artery cannula and two thermodilu- 
tion catheters (right internal jugular) were inserted, one a 

pulmonary artery (PA) catheter, the other a Ganz catheter 
guided into mid-coronary sinus by fluoroscopy. Sequen- 
tial studies were done - before induction, six times during 
anaesthesia, and at 1 and 24 hours postoperatively. Each 
study measured central and arterial presures, CI, CSBF, 
plus arterial and CS sampling for Hb, O2 saturation and 
lactate content. Lead V5 of the EKG was recorded. 

Induction began with 30 pg-kg -1 of fentanyl IV with 
pancuronium 0.1 mg.kg -1 with halothane (mean end 
-tidal = 0.51 per cent) and oxygen to reduce systolic 
arterial pressure by 25 per cent for 10 minutes before 
intubation. Maintenance was with halothane-O2 in con- 
centrations to keep mean arterial pressure (MAP) below 
awake levels. 

Results 
Mean anaesthesia time was 326 minutes, mean bypass 
time was 125 minutes, and mean aortic cross-clamp time 
was 47 minutes. Heart rate decreased on induction and 
remained so up to bypass. MAP was reduced 30 per cent 
at induction and was maintained below that awake 
throughout anaesthesia. CI remained depressed from 
induction through to the one hour study. Stroke work 
index (SWI) fell during and after anaesthesia. Systemic 
vascular resistance (SVR) was unchanged apart from a 

TABLE Results 

Means +- SO Awake Po:u- Post. Post- 

n = 10 control induction intubatlon srernolomy 

Heart rate bcatslmin 65-+14 5 8 - ' 1 4 "  60-+13 60--.9 
MAP mml/g 96 -+ I l 67 -+ 5* 73 -+ 6* 79 -* 7* 

PC Wedge mmH 8 11 +- 5 8 • 4 7 • 2* 8 : 4* 
Cl L-rmn-l.m 2 2.8 -+ 0.4 2.1 -+ 0.4* 2.2 • 0.6 '  1.9 - 0.4* 
SW1 gM.m 2 76 -+ 19 45 • 12* 48 -* 11 = 45 • I0" 

SVR dynes.see.era 5 1417 • 225 1324 • 222 1394 ~ 310 1688 =t= 322* 
CSBF ml.mJn -I 128 -+ 44 86 -+ 30* 87 ~- 39* 88 -+ 37* 
CSO2 Saturation % 37-*7  55---8* 51-+9 * 30-+8 * 

MV02 rid,rain - I  14 -+ S 7 -+ 3 '  7 • 4* 7 �9 4* 
MLE% 3-+64.5 24-+31 2 7 •  24-+37 

Hearts producing 
Isctat= 3 2 0 2 

ICU 

Means +- SD 

n = 10 Po~J-pump 1 hour 24 hours 

Heart rate beats:rain 77 -+ 12* 84 ~ 9* 87 • 7* 
MAPmmHg 68-*7* 91 -+ 14" 83-+ 14" 

PC Wc.dgr mmHg 9 -+ 6 I0 -+ 6 13 • S 
Cl L-min-t.m 2 2.4 • 0.7 2.2 ---- 0.6* 2.9 -- 0,3 

SWI gM'm 2 35 - 8= 38 ~ 12" 48 • 15" 
SVP. dyaes.scc.cm -5 1288 -+ 451 1723 -+ 631 * 1113 - 245* 

CSBF ml.min -I 146 -+ 85 172 -+ 86* 191 -+ 64* 
CSO.I Saturation % 55 -+ 12" 49 -+ S* 49 -+ 13' 
MV02 t~-nlin -I 5 -+ 3* 11 -+ 6" 12 -+ 3* 

MLE% -0 .7  -= 34 23 ~ 15 23 - 12 
Hearts producing 

]actatt: 3 0 0 

*p < 0.05. Statistics included analysis of variance and paired tdest, 
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rise post-sternotomy. CSBF decreased from induction 
through to bypass, but was increased at the 1 and 24 hour 
studies. CSO2 content increased on induction and re- 
mained so until bypass. MVO2 fell during and after 
anaesthesia. MLE increased after induction and contin- 
ued throughout the study except for the post-bypass 
series. Three hearts produced lactate during the awake 
control period, with two hearts continuing lactate produc- 
tion at all but one of the pre-pump series. In the ICU none 
of the nine patients studied produced lactate. The tenth 
patient whose coronary sinus catheter was displaced 
during bypass produced lactate consistently pre-bypass 
and a myocardial infarction was evident postoperatively. 
The pre-bypass course was haemodynamically stable 
with no ST depression evident. She died on the tenth 
postop day. Seven patients required nitroglycerine (NTG) 
to control hypertension during bypass and four patients 
required nitroprusside to control blood pressure in the first 
24 hours (mean duration of treatment = 3.8 hours). 

Discussion 
These hypertensive patients, maintained on beta and 
calcium channel blockade until operation, were normo- 
tensive during the awake study. With a fentanyl-oxygen- 
halothane induction heart rate, MAP, CI, SWI and MVOz 
were all reduced, thus providing smooth controlled 
depression of the circulation. Haemodynamieally these 
hypertensive patients behaved similarly to normotensive 
patients who received fentanyl-oxygen-haiothane using 
the same protocol, i However, in contrast to the normo- 
tensive group, three myocardia were producing lactate 
when studied awake breathing air. After induction, two 
myocardia produced lactate at all but one study before 
bypass. Thus controlled haemodynamic depression failed 
to reverse the global left ventricular lactate production 
present when awake in two of the three patients, with one 
showing acute infarction postoperatively. 
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Electrocardiographic ST-segment elevation following 
myocardial reperfusion 
I.R. Thomson, I.E. Cannon, A, Morris, M. Rosenbloom 
Department of Anaesthesia, University of Manitoba, 
St. Boniface General Hospital, Winnipeg, Manitoba 

We have frequently observed electrocardiographic 
(ECG) ST-segment elevation at the time of myocardial 
reperfusion following aortocoronary bypass grafting 
(ACBG). Such injury currents may indicate transmural 
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myocardial ischaemia. We undertook this prospective 
study to document the incidence, duration, and associated 
morbidity of ST-segment elevation following reperfusion 
in patients undergoing ACBG. 

Methods 
Institutional approval was obtained and the requirement 
for informed consent waived. Thirty patients (24 male, 6 
female) undergoing elective ACBG were studied. Pa- 
tients with preoperative ST-segment elevation or conduc- 
tion abnormalities were excluded. In the operating room, 
ECG leads II and CS5 were attached and continuously 
recorded for the next 24 hours by a Halter monitor. Under 
fentanyl-oxygen anaesthesia, hypothermic cardiopulmo- 
nary bypass (CPB) was initiated and the distal coronary 
anastomoses performed with cold potassium cardio- 
plegia. The aortic anastomoses were completed during 
rewarming and reperfusion. Postoperatively, 12 lead 
ECGs and creatine kinase MB (CK-MB) determinations 
were performed daily for three days. The Halter ECG 
tapes were later reviewed for ST-segment changes. 
ST-segment elevation ~> 0.1 MV was considered posi- 
tive. The data were analyzed by analysis of variance 
(A_NOVA) or Fischers' Exact Test. A p-value ~< 0.05 was 
regarded as significant. 

Results 
During the 24-hour ECG recording, thirteen patients (10 
M, 3 F) had 18 separate episodes of ST-segment elevation 
lasting 29.0 -+ 25min (range 2-60rain). In 12 of 13 
patients, ST-elevation was first apparent during CPB 
upon resumption of supraventricular rhythm after aortic 
unclamping. ST-elevation first occurred after CPB in the 
other patient. Six patients had ST-elevation in lead 1I 
only, six had elevation in leads II and CS5, while one had 
elevation in CS5 only. One patient with ST-elevation in 
lead H had a non-diseased, non-grafted right coronary 
artery. Patients with and without ST-elevation did not 
differ with respect to age, sex, antianginal medication, 
ejection fraction, number of grafts, bypass time, cross- 
clamp time, or need for pharmacologic or mechanical 
support. There were no deaths. Historically, angina at 
rest was more frequent in patients with ST-elevation (5/13 
vs. 2-17, p = 0.10). Postoperative CK-MB levels were 
significantly higher in patients with ST-segment elevation 

TABLE Post-operative CK-MB (units) 

1 2 3 

ST-elevation 157 +-- 236 71 - 82 37 +- 33 
NoST-elevation 68 -+ 39 38 -+ 21 23 -+ 12 

P ~< 0.05 ANOVA. 
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(Table). Only two patients had postoperative ECG 
evidence of transmural infarction, and both had ST- 
elevation after repeffusion. 

Discussion 
In this study, ST-segment elevation was very frequent (43 
per cent) after reperfusion during ACBG. Elevation was 
most common in lead II (12/13) and usually became 
evident with resumption of supraventricular rhythm after 
aortic unclamping. Although transient, such changes 
often recurred later in the postoperative period (5/13). 
Significantly, ST-elevation was associated with higher 
postoperative CK-MB levels, indicating myocardial 
damage. The etiology of the ECG changes is not clear, 
but the differential diagnosis includes inadequate myo- 
cardial protection, or transient coronary artery or graft 
occlusion by spasm, embolism or thrombosis. However, 
the tendency for ST-elevation to occur in patients with 
rest pain, to be recurrent and to occur most commonly in 
lead II, suggests coronary spasm as an important mecha- 
nism. t Further studies are needed to confirm these obser- 
vations and to clarify the aetiology of the observed 
changes. Meanwhile, transient ST-elevation following 
reperfusion should be viewed with concern by clinicians 
and postoperative recurrence anticipated. 

Reference 
1 Buxton Aet al. Coronary-artery spasm immediately after 

myocardial revascularization: Recognition and manage- 
ment. N Eng J Med 1981; 304: 1249. 

Altered pharmacokinetics of alfentanil 
R. Robbins, D.G. Whalley, F. Donati, J.E. Wynands, 
J.R. Ramsay 
Department of Anaesthesia, McGill University and 
Royal Victoria Hospital, Montreal, Quebec 

The pharmacokinetics of alfentanil (A) make it theoreti- 
cally suitable for use as a constant infusion during 
coronary artery surgery (CAS). I In this study we examine 
the clinical characteristics and pharmacokinetics of A 
during and after CAS. 

Methods 
With approval of the Hospital Ethics Committee three 
groups of eight (G 1), ten (G2) and ten (G3)patients were 
studied. Except for coronary artery disease all patients 
were well. All were maintained on regular medications 
preoperatively and premedicated with morphine, hyo- 
seine and diazepam. Intravenous, intra-arterial and ther- 
modilution pulmonary artery catheters were inserted and 
a control haemodynamic profile obtained pre-induction. 
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Anaesthesia was induced with 250, 300 and 350 ~g' 
kg-l.hr -~ of A for one hour in groups 1, 2 and 3 
respectively. Simultaneously an infusion of 2.5, 3.0 and 
3.5 p,g'kg -~ 'min -I was started and continued to the end 
of surgery. Pancuronium was given in 1.5 mg incre- 
ments (first dose pre-induction) every 30 seconds to 
0. I mg.kg-t. All patients were intubated after 60 p,g.kg- 
of the induction dose. Haemodynamic profiles were 
repeated following intubation, incision, sternotomy and 
aortic dissection. An adrenergic response was defined as a 
20 per cent increase from control in heart rate and/or 
systolic pressure and treated with isoflurane 1-2 MAC 
inspired until abolished. Samples for plasma A cone. 
were taken at 5, 10, 15, 30 and 60 minutes following 
induction, then half hourly for three hours and hourly for 
a further five to ten hours. Plasma A conc. was measured 
by radioimmunoassay. Postoperative time to return of 
consciousness and extubation (Pt~CO2 < 6.6 kPa) were 
documented. Data were analysed using Student's "t" test 
with Bonferroni correction and Chi squared test where 
appropriate. All results are expressed as mean --- SE. The 
elimination half-time of A was calculated as 

0.693 
T�89 K 

with K values determined by fitting an exponential curve 
using the least squares method to the terminal portion of 
the plasma A conc. curve. Linear regression analysis was 
used to plot T�89 versus Aconc. at end surgery. 

Results 
17/28 patients had adrenergic responses to intubation 
(mean A cone. 479 • 54, 510 --- 68 and 610 • 
l l9ng.ml -~) but none responded to aortic dissection 
(mean A cone. 826 • 71, 1001 --_ 104 and 1166 --- 
l l3ng.ml -~) in groups 1, 2 and 3. There was no 
difference in response rates among groups. There was no 
difference in time to return of consciousness (3.2 -+ 
0.6 hrs) or extubation (8.8 - 1.2 hrs). T~I3 increased with 
increasing plasma A cone. (p = 0.04) and was 3.8 --- 0.5, 
4.8 • 0.5 and 6.3 --- 0.8 hrs in groups 1, 2 and 3. 

Discussion 
The absence of responses to aortic dissection suggest that 
plasma A cone. achieved by that time were adequate to 
suppress adrenergic responses to surgical stimuli. Induc- 
tion dose and infusion rates of A should be designed to 
achieve plasma A conc. greater than 800 ng-rnl -I before 
surgical stimuli occur. The lack of difference among 
groups in time to return of consciousness and extubation 
suggests that relatively high plasma A cone. might be 
achieved, with concomitant adrenergic suppression intra- 
operatively, without necessarily incurring delayed awak- 
ening or prolonged ventilatory support postoperatively. 
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The Til3 of A in this study is much longer than previously 
reported, 1 but similar prolongation of T~I3 of fentanyl 
following cardiopulmonary bypass has been reported. 2 
However, dose dependent increases in T�89 could be due 
to increasing depression of elimination mechanisms 
(cardiac output, hepatic blood flow, hepatic enzymatic 
activity) with increasing plasma A cone. or to saturation 
of enzyme systems that metabolize A. 

In summary, alfentanil can provide adequate anaesthe- 
sia for CAS without prolonged postoperative depression 
but Ttl~ increases with increasing dose. 

References 
l Bovill JG, Sebel PS, Blackburn CL, Heykants d. The Phar- 

macokinetics of alfentanil (R39209): a new opioid anal- 
gesic. Anesthesiology 1982; 57: 439-43. 

2 Koska A J, RomagnoliA, Kramer WG. Effect of cardiopul- 
monary bypass on fentanyl distribution and elimination. 
Clin Pharmacol Ther 1981; 29: 100-5. 

Fentanyl and responsiveness of canine coronary 
arterial smooth muscle 
G. Blaise, J.C. Sill, M. Nugent, P.M. Vanhoutte 
Mayo Clinic, Rochester, Minnesota 

Increased tone (coronary vasospasm) in large coronary 
arteries is a feature of both Prinzmetal's angina and 
atherosclerotic coronary artery disease. We have pre- 
viously shown that isoflurane attenuates contraction of 
canine coronary arteries induced by serotonin and prosta- 
glandin F2et and that this effect is endothelium-mediated. 
Controversy exists regarding the effects of fentanyl on 
coronary smooth muscle. The present study was designed 
to determine the effects of the drug on isolated coronary 
arteries. 

Methods 
Rings (approximately 4ram in length) were prepared 
from the circumflex and the left anterior descending 
coronary arteries of anaesthetized dogs. In some rings, 
the endothelium was mechanically removed. The rings 
were placed in organ chambers filled with 25 ml modified 
Krebs-Ringer bicarbonate solution (370C) and aerated 
with a 95 per cent oxygen-5 per cent CO2 gas mixture 
(pH 7.45-7.49). The rings were connected to a strain 
gauge for measurement of isometric force. Fentanyl was 
added to half the chambers 30 minutes before the 

I I experiment to a final concentration of 100 ng.ml- . Both 
control and fentanyl-treated rings were then exposed to 
increasing concentrations of phenylephrine or serotonin 
and the tension generated was recorded. The same experi- 
ment was repeated with vessels without endothelium. 
Data are expressed as per cent of maximal response to 
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FIGURES 1 and 2 Isometric tension developed by intact coro- 
nary rings (mean -+ SEM) following exposure to serotonin 
(Fig. l) and phenylephrine (Fig. 2) during control and follow- 
ing fentanyl administration. The difference between treated 
and untreated rings is statistically significant (p < 0.05) at high 
concentrations of phenylephrine. 

previous stimulation with 40 mEq KC1. Student's t test 
for paired observations was used to analyze the data. 

Results 
Fentanyl had no effect on basal tone of coronary rings 
with or without endothelium. In rings with endothelium, 
it did not affect the concentration-response curve to 
increasing concentration of serotonin (Figure 1), but 
caused a small but significant depression of the response 
to high concentrations of phenylephrine (Figure 2). 
Fentanyl did not significantly alter the concentration- 
response curve to serotonin or phenylephrine in vessels 
without endothelium. 
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Discussion TABLE Results 
This study shows that fentanyl has no in vitro effect on 

Night 
relaxed canine coronary arteries, and has only a minimal 
effect on response of coronary rings to putative mediators Posroperaave 
of coronary vasospasm. The modest inhibition of the 
response to high concentrations of phenylephrine proba- 
bly reflects facilitation of beta-adrenergically mediated Tot,J ~ 

time 
relaxation, which is more pronounced in the presence of (rain) 
endothelium. 2 We suggest that fentanyl does not disturb stag~ 2 (~) 
tO a major extent the balance between constrictor and s~ow,~ve 

(%) 
dilator responses of large coronary arteries. ~M (~) 

References 
1 WynandsJEetal. Anesth Analg 1983; 62:661-5. 
2 Rubanyi G et al. J Cardiovasc Pharmacol 1985; 7:139-44. 

Profound disruption of sleep in the first week after 
upper abdominal surgery 
C.A. Moote, M.I. Skinner, D.M. Grace, R.L. Knill 
Departments of Anaesthesia and Surgery, University of 
Western Ontario, London, Ontario 

In a previous study we observed that isoflurane anaesthe- 
sia alone caused only a minor alteration of physiological 
sleep) The purpose of this study was to describe sleep 
before and after isoflurane anaesthesia accompanied by 
major upper abdominal surgery. 

Methods 
Five obese patients were studied from approximately 
2300 hrs to 0900 hrs for seven consecutive nights, two 
nights before and five nights after anaesthesia and 
abdominal surgery. None were known to have sleep 
apnoea. Anaesthesia was induced with thiopentone, 
and maintained with nitrous oxide and isoflurane supple- 
mented with fentanyl and neuromuscular blocking 
agents. The surgical procedure was gastric stapling 
through an upper mid-line abdominal incision. Postoper- 
ative pain was treated with morphine. The first preopera- 
tive night was allowed for adaptation to the sleep lab. On 
each night of study, continuous polysomnographic re- 
cordings were made of EEG, EOG and EMG. Sleep 
stages were scored for each 30 see epoch of the night 
according to standard criteria.2 Total sleep time and sleep 
stages as a per cent of total sleep time were determined. 
The statistical assessment was by analysis of variance. 

Results 
The subjects were three females and two males, whose 
ages were 32 • 3 yrs, hts 173 • 3 cm and wts 151 • 5 kg. 
Sleep data are presented in the Table. Anaesthesia with 
surgery did not detectably affect the total quantity of sleep 
but markedly disrupted sleep architecture. On the night of 

Control 1 2 3 4 3 

3 5 3 •  358-+18 313-+21 331-+24 3 0 9 •  M 6 •  
48-+4  8 4 •  7 7 •  71 -+5  * 50 -+5  3 6 = 4  

3 0 •  7 + 4  * 10-+5" 15-+5" 25"-'-2 3 3 " - 3  

1 7 •  0 •  I ' : - I *  2 -+1  * 1 6 = 3  2 6 = 2 *  

All values mean -+ SEM; sleep unaccounled for in percentage values wns slagn 1. 
*Significantly different from control p < 0.05. 

operation, sleep was highly fragmented. Slow wave sleep 
(stages 3 and 4) was severely depressed, REM sleep 
completely abolished and stage 2 sleep reciprocally 
increased. Similar but less marked changes were present 
during the subsequent two nights. After three nights of 
REM sleep suppression, there was an increase and then a 
rebound of REM sleep above control associated with 
frequent "bad dreams." 

Discussion 
We conclude that major abdominal surgery causes severe 
disruptions of nocturnal sleep through the first postopera- 
tive week. A comparison with our previous study of the 
effects of isofiurane anaesthesia alone I suggests that 
anaesthesia plays only a minor role in these changes. The 
relative importance of various surgical factors - such as 
the metabolic response to surgery stress, postoperative 
pain and narcotics - remains to be determined. 

References 
1 Moore CA. Knill RL, Clement JL. Isoflurane impairs 

the quality of sleep in humans. Can Anaesth Soc J 1985; 
32: $99. 

2 RechtschaffenA, KalesA (Eds). A Manual of Standardized 
Terminology. Techniques and Scoring System for Sleep 
Stages in Haman Subjects. BIS/BR1. UCLA, Los Angeles, 
1977. 

Severe sleep-related hypoxaemia after abdominal 
surgery in the morbidly obese 
C.A. Moote, M.I. Skinner, D.M. Grace, R.L. Knill 
Departments of Anaesthesia and Surgery, University of 
Western Ontario, London, Ontario 

Both sleep-related hypoxaemia and hypoxaemia in the 
first week after abdominal surgery may be more pro- 

t2 nounced in the obese. ' The purpose of this study was to 
define the adequacy of arterial oxygenation during post- 
operative sleep in a group of morbidly obese patients. 
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TABLE Arterial oxygen saturation (%) 

Nights 

Postoperative 

Control 1 2 3 4 5 

Wake fulrtr2,s 94.+-I 93+-1 914--I * 9 2 - * | *  9 2 - . 1 '  94+-I 

(5) (4) (5) (4) (5) (4) 

Sleep 

Stage 2 94 • I 93 • I 
(s) (4) 

Slow wave 94 • I 93 • I 
(5) (3) 

REM 93-*2 - -  

(5) (0) 

~1 • I* 9 0 •  91 • I* 94 • I 

(3) (4) (5) (4) 
91 --- l* 90 +-2** 91 • I* 93 • 1 

(3) (3) (5) (4) 
89 88 88 -* 3*t 89 • 3*t 

(1) ( I )  (5) (4) 

All values mean • SEM; n = ( ); (n < 5 when sleep slagr ~sent or supplemelltal 

oxygen given). 
*Significantly different from control, same state tp < 0.05). 

*Significantly different from wakefulness, same mght (p < 0.05), 

Methods 
Five obese patients were studied during both wakefulness 
and sleep in the two nights before and five nights after 
surgery for gastric stapling. The investigation was con- 
ducted in conjunction with a study of sleep described in an 
accompanying abstract. In addition to electrophysiologi- 
ca] variables of sleep, we monitored arterial oxygen 
saturation (SaO2) continuously with an ear oximeter 
(Biox II) while the patients inhaled air. We also assessed 
ventilation with a nasal thermistor probe and a respiratory 
inductive plethysmograph (Respitrace). Mean SaO2 val- 
ues were computed for each 30 sec interval of each night 
and considered in relation to wakefulness or stage of 
sleep. Statistical assessment was by a two-way analysis of 
variance. 

Results 
SaO2 values are presented in the Table. Surgery was 
followed by modest reductions of SaO2 during periods of 
wakefulness of postoperative nights 2, 3 and 4. Sleep 
after surgery caused greater reductions of SaO2 during 
stage 2 and slow wave sleep of postoperative night 2 and 
during REM sleep of nights 4 and 5. REM sleep after 
surgery was associated with marked variability of SaO2 
and episodic reductions to values as low as 50 per cent 
(PaO2 26 mmHg). These arterial desaturations after 
surgery were not related to apnoea. 

Discussion 
We conclude that physiological sleep after upper ab- 
dominal surgery in the morbidly obese causes marked 
hypoxaemia during the third through fifth postoperative 
nights. This impairment of oxygenation may represem 
the most severe disturbance of respiratory function 
associated with uncomplicated anaesthesia and surgery. 

References 
t Harman E, Wynne JW, Block AJ et al. Sleep disordered 

breathing and oxygen desaturation in obese patients. Chest 
1981; 79: 256-60. 

2 Vaughn RW, Wise L. Postoperative arterial blood gas 
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Diprivan versus thiopentone for outpatient surgery 
R.G. Johnston, B.J. Anderson, T.W. Noseworthy, 
A. Shustack 
Royal Alexandra Hospitals, Edmonton, Alberta 

Diprivan (di-isopropylphenol) is a sterically-hindered 
phenol which has been reported to provide good surgical 
anaesthesia and quick awakening) It has been recemly 
reformulated in a lipid emulsion, thereby eliminating the 
hazard of allergic reactions to Cremophor EL. This study 
compares the new formulation of Diprivan with thiopen- 
tone. The haemodynamic and respiratory effects of both 
agents were evaluated in outpatients. Time elapsed to 
awakening and returning to orientation in three spheres 
was compared. 

Methods 
Informed consent was obtained from 90 outpatient 
females undergoing uterine dilatation and curettage 
(D&C). All subjects were ASA physical status Class I or 
II with an age range of IS-65 yr. The subjects were 
divided into thiopentonc (n = 30) and Diprivan (n = 60) 
groups using a method of restriction randomization. Both 
groups were comparable with respect to age, race, 
smoking history and baseline heart rate (HR), blood 
pressure (BP) and respiratory rate (RR). The patients 
were unaware of which drug was used until recovery from 
anaesthesia. No prcmedication was used. The induction 
dose of thiopentone (4 mg-kg -l) or Diprivan (2.5 
mg'kg -I) was given over 20 sec and any adverse effects 
noted. Patients were asked to count coincident with 
beginning the injection. The onset of anaesthesia was 
taken as the time when they stopped counting. Increments 
of 25 per cent of the induction dose were administered as 
required, to maintain anaesthesia for the remainder of the 
procedure. For the first 3 min after induction the patients 
were given supplementary 02 and were left undisturbed. 
The HR, BP and RR were recorded each minute. 
Following this stabilization period, inhalation anaesthe- 
sia with 70 per cent nitrous oxide (N20) in 02 was added 
and the D&C performed. During this maintenance phase 
HR, BP, RR and end-tidal CO2 (EtCO2) concentration 
were recorded each minute. Upon completion of the 
procedure, the N20 was discontinued and time elapsed 
until eye opening and return to orientation to person, 
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place and time were measured. Each patient was ques- 
tioned about subjective impressions and adverse reac- 
tions. Data analysis was done using Student's t test or 
Chi-square, as appropriate. 

Results 
All patients in both groups lost consciousness with the 
induction dose and no patient had recall of the procedure. 
The quality of  anaesthesia was judged to be adequate to 
excellent by the attending anaesthetists. There were no 
statistical differences in HR, BP, or EtCO2 concentration 
at any time during the study period for the two groups. 
Time to awakening was 569 + 555 (SD) sec in the 
thiopentone group versus 331 • 151 sec in the Diprivan 
group (p < 0.05). Time to orientation was 685 • 453 in 
the thiopentone group versus 460 --- 184 sec in the 
Diprivan group (p < 0.05). Preliminary analysis suggests 
that, as total drug dosage increases, the difference in the 
times to awakening and orientation increases between 
both groups, favouring Diprivan. There was no signifi- 
cant difference between the groups for hiccoughs, apnoea, 
electrocardiographic changes or pain with injection. 
Patients in the Diprivan group perceived a difference in 
mental function postoperatively. Subjectively they felt 
more awake and able to think clearly. 

Discussion 
(I) Diprivan with 70 per cent N20 and 02 provides good 
surgical anaesthesia for D&C. (2) Orientation occurs 
sooner after Diprivan than after thiopentonc. As total 
dosage increases, the difference becomes more pro- 
noanced. (3) The haemodynamic and respiratory effects 
of Diprivan and thiopental are indistinguishable at com- 
parable doseages. 

Reference 
Briggs LP, Clarke RSJ, Dundee JW et al. Use ofdi- 
isopropylphenol as main agent for short procedures. BrJ 
Anaesth 1981; 53: 1197. 

Plasma levels and mucosal damage following 
rectal administration of 2% or 10% methohexitone 
in rats 
R.B. Forbes, V. Kumar, F.A. Mitros, G M .  Johnson 
University of Iowa College of  Medicine, Iowa City, Iowa 

Methohexitone is an ultrashort-acting barbiturate that, 
when administered rectally, is a safe, effective method of 
inducing anaesthesia in young children. Damage to the 
rectal mucosa j'2 has been reported following administra- 
tion of rectal methohexitone; however, it remains unclear 
whether the damage was due to the high osmolality and 

pH of the solution or resulted from a direct effect of 
methohexitone on the bowel mucosa. 

The purpose of this study was to compare the effects 
of pH and osmolality and differing concentrations of 
methohexitone on the rectal mucosa of the rat and to 
compare plasma levels of  mcthohexitone achieved when 
two and ten per cent solutions of methohexitone are 
administered rectally. 

Methods 
Sixty-seven male Sprague Dawley rats were studied. 
Each was randomly assigned to one of seven groups: 

Group 1 - Control, no rectal catheter or injection (n = 7) 
G r o u p 2 -  Control, intraperitoneal two per cent metho- 

hexitone (n = 6) 
Group 3 - Isotonic-neutral pH saline 290 mOsm; pH 7.1 

(n = 6) 
G r o u p 4 -  Hypertonic-neutral pH saline 850 mOsm; pH 

7.3 (n = 12) 
Group5 -  Isotonic-alkaline saline 290 mOsm; pH 10.7 

(n = 12) 
Group 6 - Rectal methohexitone two per cent 290 mOsm; 

pH 10.7 (n = 12) 
Group 7 - Rectal methohexitone l 0 per cent 850 mOsm; 

pH 11.4 (n = 12) 

Osmolality of some solutions was adjusted using poly- 
ethylene glycol 400. 

Under Innovar anaesthesia the femoral artery and vein 
of each animal was cannulated. An endotracheal tube was 
placed and ventilation controlled to maintain a constant 
PaCO2 (38 - 3 mmHg) and PaO2 (94 --- 7 mmHg). A 
control saline solution (Groups 3-5) or methohexitone 
two or ten per cent was instilled rectally 2.5 cm from the 
anal sphincter using a soft, robber catheter. Animals in 
Group 2 received two per cent methohexitone into the 
peritoneal cavity. 

Blood pressure and heart rate were monitored con- 
tinually and blood samples collected intermittently for 
determination of plasma methohexital levels. At four 
hours following administration of the test solutions one 
half the animals in each group were sacrificed and rectal 
specimens were excised. The remainder of the animals 
were sacrificed at 24 hours. Rectal specimens were fixed 
in ten per cent formalin and stained with hematoxylin- 
eosin for histologic examination. 

Results 

Mucosal histology 
Mild to moderate focal mucosal erosions and/or oedema 
were present in 3/24 rats that received rectal methohexi- 
tone. Evidence of mucosal damage was absent in all other 
groups. 
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Cardiovascular effects 
Five minutes following administration of two or ten per 
cent methohexitone there was a significant fall in systolic 
and diastolic blood pressure, However, blood pressure 
returned to control levels by ten minutes and remained 
there throughout the experimental period. 

physiological changes produced by the anaesthetics. To 
avoid these complications the effects of combinations of 
volatile anaesthetics were studied at a cellular level, using 
an isolated neuron preparation. This model permitted 
application of controlled concentrations of anaesthetic 
and measurement of a relatively simple response. 4 

Plasma methohexitone concentrations 
Five minutes after administration of ten per cent metho- 
hexitone, the mean plasma level was 19.07 • 16.09 
p,g'ml -I. This was significantly higher than the level 
following two per cent methohexitone rectally, 4.71 --- 
2.23 p~m.ml - l ,  or intraperitoneal, 8.55 --+ 4.03 p,g.ml -x . 
There was no statistical difference in the plasma metho- 
hexitone concentrations at any other time interval. 

Discussion 
The only animals that showed evidence of mucosal 
damage were those that received rectal methohexitone. 
Unlike earlier reports,l'2 the mucosal damage seen in this 
study was infrequent and mild to moderate in severity. 
This difference may have occurred because previous 
investigators did not control blood pressure or ventila- 
tion. The mucosal damage in those studies may have been 
exacerbated by hypoxia, hypercarbia or hypotension. 

We conclude that the mucosal damage seen following 
the rectal administration of methohexitone was due to a 
direct action of the drug on the bowel mucosa. Further 
investigation will be required to determine the incidence 
and extent of mucosal damage that may occur in humans. 
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Combinations of volatile anaesthetics do not produce 
simple additive effects on a single isolated neuron 
P. Coleman, S. Roth 
Department of Anaesthesia, Foothills Hospital, 
Calgary, Alberta 

The precise mechanism(s) or site(s) of action of general 
anaesthetics have yet to be defined. Early theories of 
anaesthesia emphasised a single site and mechanism 
predicting simple additivity with combinations of two 
agents. Recent literature suggests that general anaesthesia 
is a more complex phenomenon which involves multiple 
sites and mechanisms.I Previous studies of combinations 
of general anaesthetic agents 2'3 have also suggested 
multiple sites and mechanisms. This in vivo data is, 
however, difficult to interpret due to respiratory and other 

Methods 
Crayfish (Procambarus clarkii) stretch receptor neurons 
were mounted in a tissue chamber and continuously 
perfused with Van-Harraveld's solution (3 ml.min-t: 
I0 ~ C). t Discharge activity was recorded from the stimu- 
lated (stretched) neuron. The preparation was enclosed in 
a "tent" of polyvinylchloride film to control the ambient 
environment. Oxygen was administered at a rate of  3 
L.min -t from two gas sources each of 1.5 L.min -t . The 
vapours of halothane, enflurane and isoflurane were 
administered either singly or in binary combination from 
standard (Ohmeda Tec IV | anaesthesia vapourisers. 
Combinations were 0.5 per cent vol/vol increments of the 
first anaesthetic applied simultaneously with a constant 
concentration of the second. Each combined or single 
concentration was administered for ten minutes to 
achieve a stable effect, followed by a ten-minute washout 
to return to control level. At equilibrium, aliquots of 
bathing solution were sampled and aqueous anaesthetic 
concentrations quantified. Dose response curves of the 
neuron's discharge activity versus concentration of single 
and combined anaesthetics were constructed. 

Results 
The vapour of a single volatile anaesthetic produced 
alterations of both the rate and pattern of firing of the 
neuron, and the dominant effect was a concentration- 
dependent depression of firing frequency. 4 Binary com- 
binations of halothane, entlurane and isoflurane intemclcd 
in a complex fashion to produce a range of effects from 
antagonism to synergism. Additivity was rarely a major 
feature. Low concentrations of a second anaesthetic 
partially antagonised the effects of a first anaesthetic. 
Increasing the concentration of the second anaesthetic 
resulted in greater antagonism, followed by a synergistic 
response at a critical combined dose. These opposing 
effects resulted, on occasion, in a biphasie dose response 
curve. Regular firing frequencies, sustained slightly 
above control levels, were observed with some combina- 
tions; none of the volatile anaesthetics alone produced 
this phenomenon. 

Discussion 
We have demonstrated that combinations of volatile 
anaesthetics do not produce simple additive effects on a 
single isolated neuron. The major finding was that 
combinations resulted in antagonism; however, other 
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results including synergism were observed. These data do 
not support a unitary theory of mechanism for all 
anaesthetics, but provide confirmation for a hypothesis 
involving multiple sites and/or mechanisms. We propose 
that non-additive neurophysiological changes may also 
occur in vivo when two different volatile agents are 
employed in the course of an anaesthetic procedure. 
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Isoflurane-induced hypotension does not cause an in- 
crease In catecholamines 
M.S.P. Macnab, A. Lam, P.H. Manninen, A.W. Gelb 
University Hospital, London, Ontario 

Induced hypotension is frequently employed during 
cerebral aneurysm surgery. However, there is no con- 
census on the ideal hypotensive agent for this purpose. 
The use of sodium nitroprusside (SNP) is associated with 
rebound hypertension due to increased catecholamine and 
renin release during and after induced hypotension. Deep 
isoflurane anaesthesia has been employed successfully as 
a hypotensive agent. In this study we examined the effect 
of isoflurane-induced hypotension on catecholamine and 
lenin release. 

Methods 
Written informed consent was obtained from eight pa- 
tients aged 35-69 years presenting for cerebral aneurysm 
surgery. Patients receiving 13-blockers were excluded. 
Anaesthesia was induced in a standardized manner with 
fentanyl 2-3 ~g'kg -1, thiopentone 5-6 mg'kg -l,  lido- 
caine 1.5 mg.kg-' and succinylcholine 1 mg-kg -l. 
Maintenance anaesthesia consisted of pancuronium, 
nitrous oxide/oxygen (66/33 per cent) and 0.5-1 per cent 
inspired isoflurane. Mechanical ventilation was em- 
ployed to maintain end-tidal carbon dioxide between 
25-30 mmHg. Hypotension was induced by increasing 
the inspired concentration of isoflurane to three per cent 
until the desired level of induced hypotension was 
achieved, thereafter it was reduced to 2-2.5 per cent to 

TABLE Results (Mean • SEM) 

Before During After 
N = 8 hypotension hypotensiou hypotension 

PRA (ng.L-t.s -1) 0.97 • 0.13 1.33 +- 0.20 0.99 • 0.13 
Plasma E 

(pmoI.L -t) 301 -+ 102 189 • 63* 166 -* 49* 
Plasma NE 

(t~mol-L -l) 1201 -+ 264 1260 -+ 345 1209 - 250 
MAP (mmHg) 75 -+ 2 51 • l* 74 "r 2 
HR 80 - 3 84 -',L-_ 3 78 "*" 4 

*p < 0.05 compared to before hypotension value. 

maintain this level of blood pressure. After induced 
hypotension, the inspired isoflurane concentration was 
returned to its pre-hypotension level. 

Blood samples for plasma epinephrine (E), n0repi- 
nephrine (NE) and renin activity (PRA) were drawn from 
a peripheral artery after dural opening but pre-indueed 
hypotension, 15 minutes into induced hypotension and 30 
minutes after termination of induced hypotension. No 
narcotics were given during the period of sampling. Mean 
arterial pressures (MAP) and heart rates (HR) were 
recorded at the time of sampling. The results were 
analyzed for statistical significance using the Friedman 
analysis of variance. 

Results 
Duration of induced hypotension ranged from 15-75 
minutes. Plasma E decreased significantly during the 
period of hypoteasion and remained significantly lower 
following recovery of blood pressure. Plasma NE did not 
change during the period of sampling. PRA increased in 
some patients during hypotension but this did not reach 
statistical significance. Rebound hypertension after in- 
duced hypotension did not occur. 

Discussion 
In two previous studies t'2 Khambatta et al. showed that 
mean PRA, plasma E and NE levels rose significantly 
during SNP-indueed hypotension and remained elevated 
after induced hypotension. Rebound hypertension oc- 
curred on stopping the SNP. In contrast, we did not find 
similar changes and therefore conclude that during iso- 
flurane-induced hypotension renin release is attenuated 
and eatecholanline release sui3pressed. 
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The influence of halothane and Innovar on brain 
oedema formation 
J. Fuller, A.W. Gelb, S. Karlik 
Departments of  Anaesthesia and Diagnostic Radiology, 
University of Western Ontario, London, Ontario 

Patients at risk of developing brain oedema frequently 
require anaesthesia. Such patients include those having 
cerebral angiography or neurosurgical procedures. The 
interaction between anaesthetic agents and the develop- 
ment of brain oedema has not been extensively investi- 
gated and the available literature is conflicting. ~ Our 
study was designed to further explore this issue. 

Methods 
Nineteen female New Zealand white rabbits weighing 
approximately 3 kg were studied. The agents used were 
halothane (one per cent inspired) and lnnovar-Vet (fen- 
tanyl 400 izg.ml -I and droperidol 20 mg.m1-1) 0.5 
ml.kg -1 IM in divided doses. 

Anaesthesia was induced with the agent being studied. 
Once the animals were anaesthetized, a tracheostomy was 
performed and ventilation was controlled to maintain 
PETCO2 at 35 mmHg. An intravenous infusion was 
started in the marginal ear vein and an arterial line was 
inserted in the central artery of the left ear. The right 
internal carotid artery was cannulated and isolated by 
ligation of the other arterial branches. A vasogenic brain 
lesion was produced by injection of 1 mg.kg -~ of 2M 
NaCI via the right internal carotid artery at a pressure 
15-20 mmHg above systemic systolic blood pressure, as 
described by Durward. 2 Blood pressure was kept within 
20 per cent of the pre-injecfion value. The anaesthetic was 
then continued for a further ten minutes to allow oedema 
formation while BP and stump BP were recorded every 
minute. 

The animal was then rapidly sacrificed by exsanguina- 
tion and the brain carefully removed. Each brain was 
divided into 18 sections for assessment. All pieces were 
assessed by in vitro NMR proton relaxation times (T1 and 
T2) and wet to dry weight ratios (W:D). 

Six animals received Innovar-Vet and seven halothane. 
As controls, three animals received halothane and a sham 
operation, and three received lnnovar and a sham 
operation. 

Results 
The 2M NaCl injection produced statistically significant 
oedema in four of seven halothane and three of six 
lanovar anaesthetized animals. There was no statistically 
significant difference in the amount of oedema between 
the anaesthetic groups. Similarly, comparing sections 
containing predominantly white brain matter failed to 
show a difference. 

TABLE Results 

1"1 7"2 W:D ratio 

Halothane control 539 -4- 9 74 --- 1 5.1 -+ 0,1 
Halothane 586 - 10t 78 • 0.9f 5.6 x 0.1" 
Fentanyl 601 -+ 12t 79+0.8 * 5.9-+0.1 * 
Fentanyl control 551 -+ 9 73 -+ 0.9 5.3 -+ 0. I 

*p < 0.001 compared to control. 
l'p < 0.005 compared to control. 

Discussion 
Tt has been shown to correlate more closely with free 
tissue water and "1"2 to relate to bound water. Changes in 
these two parameters would reflect changes in the quality 
of the oedema fluid (e.g., protein binding). However, this 
study does not reveal any differences in either Tt and T2 
between the investigated drugs. We conclude from this 
study that there is no difference between halothane and 
Innovar in terms of the quality or quantity of cerebral 
oedema as assessed by magnetic resonance spectroscopy 
and wet to dry weight ratios. 

Supported by Ontario Heart & Stroke Foundation. 
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A double-blind comparison of cimetidine and 
ranitidine with or without metoclopramide for acid 
aspiration prophylaxis in morbidly obese patients 
A.M. Lain, D.M. Grace, P.H. Manninen, C. Diamond 
Department of Anaesthesia, University of Western 
Ontario, London, Ontario 

Morbidly obese patients are known to be at risk of acid 
aspiration during induction of anaesthesia, t Previous 
studies have demonstrated that this risk can be reduced 
with the preoperative administration of cimetidine and 
that the intravenous route is superior to the oral route) 
More recent studies in non-obese patients suggest that its 
effectiveness can be further improved with the addition 
of metoclopramide, and that the newer H2 antagonist 
ranitidine may be superior, but neither the combination 
nor ranitidine has been studied in obese patients. Accord- 
ingly, the present study is undertaken to evaluate prospec- 
tively in a double-blind manner the relative effectiveness 
of cimetidine and ranitidine with and without metoclo- 
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pramide for the purpose of acid aspiration prophylaxis in 
morbidly obese patients. 

Methods 
The study protocol was approved by the Institutional 
Ethics Committee and a written consent was obtained 
from each patient. All patients fasted a minimum of 8 hrs 
prior to induction of anaesthesia. Sixty patients scheduled 
to undergo gastroplasty for morbid obesity were randomly 
assigned into four groups; (1) cimetidine 300 m g +  
saline, (2) eimetidine 300 mg + metoclopramide 10 rag, 
(3) ranitidine 100 m g +  saline, and (4) ranitidine 100 mg 
+ metoclopramide 10 rag. All combinations were ad- 
ministered intravenously in a double-blind manner 60-90 
minutes preoperatively. No other premeditation was 
given. Anaesthesia was induced in a standard manner 
using a rapid sequence technique. Following stabilization 
of the patient's condition, a modified #18 nasogastrie 
tube with extra orifices was inserted into the stomach and 
all gastric content aspirated for analysis of volume and 
acidity. To ensure complete aspiration of gastric fluid, the 
stomach was manually compressed by the surgeon upon 
entry into the peritoneal cavity. The volume and pH were 
measured respectively with a graduated cylinder and a 
Coming pH meter immediately following collection of 
the specimens. For comparison between groups, one-way 
analysis of variance was used. Because of the concern 
that pH may not be normally distributed in obese patients, 
Kruskall-Wallis rank-sum test was also used for analysis 
of pH. 

compare with the ranitidine groups yielded no differ- 
ences, and similarly no difference could be demonstrated 
between the metoclopramide groups (Groups 2 and 4) 
versus the saline goups (Groups 1 and 3). 

Discussion 
A control group was not included in the study design 
because the risk was deemed not justified. In com- 
parison to expected values, it appears that cimetidine and 
ranitidine are equally effective in reducing the risk of acid 
aspiration pneumonitis and that adding metoclopramide 
does not afford further protection. Although not statisti- 
cally significant, one patient in each of the cimetidine 
groups remained at risk while none of the patients in the 
ranltidine groups belonged to this category. The fact that 
ranilidine has a longer duration of action and less 
potential for drug interaction suggests that it may be the 
premedicant of choice in morbidly obese patients for the 
purpose of acid aspiration prophylaxis. 
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Results 
The four groups were similar in age and weight. In all 
patients the gastric volume was reduced compared to 
expected values, pH was similarly elevated. One patient 
in each of the cimetidine groups (Groups 1 and 2) 
remained at risk with volume exceeding 25 ml and pH less 
than 2.5, whereas no patient in the ranitidine groups were 
at risk. However, no statistically significant differences 
could be demonstrated between the groups with any 
parameters (Table). Combining the cimetidine groups to 

TABLE Results 

Group I Group 2 Group 3 Group 4 

Age (• 3 9 •  44+-1fl  38-+11 37 -+9  
Weight (-+SD) 138-+23 137-+27 134+-21 121- -18  
Volume of gastric 

f luid (ml --- SEM) 11.4 + 2.9 17.1 -+ 4.5 14.2 -+ 2.1 13.5 -+ 3.2 
pH of gastric fluid 

(SEM) 6.84-+0,43 * 6 . 5 1 •  6 .76•  6,72-+0,'18 * 
No. of patients with 

vol > 25 ml and 
pH < 2 , 5  I 1 0 0 

*n = 12 be.cause in one patient there was no gastric fluid aspirated. 

The need for oxygen following anaesthesia in 
children: corr.elation with recovery scores 
R.S. HannaUah, R.I. Patel, M.B. Ehrenpreis, I.E. Solhnan 
Children's Hospital National Medical Center and 
George Washington University, Washington, D.C. 

It has been recently suggested that most children recover- 
ing from general anaesthesia are likely to become 
hypoxic, and therefore should receive supplemental 
oxygen until they are awake and active in the postanaes- 
thesia recovery room (PARR). t The exact time, however, 
when a child is considered to be awake enough not to 
require supplemental oxygen in PARR has not been 
established. The purpose of this study was to: (1) 
correlate oxygen saturation measurements (SaO2) in 
healthy children recovering from anaesthesia with the 
degree of recovery as indicated by the Aldrete postanaes- 
thetic recovery score,2 (2) document the stage of recovery 
at which oxygen therapy is no longer indicated, and (3) 
identify preoperative factors which might suggest an 
increased need for oxygen during the recovery period, 
specifically a history of an upper respiratory infection 
(UPO). 
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Methods 
The study was approved by the institutional research 
committee, and an information sheet explaining the 
protocol was made available to parents of the 81 children 
who were studied. All were ASA physical status I 
unpremedicated children who underwent elective surgical 
procedures under general inhalation anaesthesia (halo- 
thane or isofturane). Patients who had intracranial, 
intrathoracic, or intra-abdominal procedures were not 
included. Immediately upon arrival in the PARR, the 
finger tip sensor of the Nelcor | pulse oximeter (model 
N-100) was placed for continuous monitoring of SaO2. 
The Aldrete's postanaesthesia recovery score (1-10) was 
simultaneously computed. Patients who had SaO2 < 95 
per cent (estimated PaO2 = 75 tort), or were clinically 
hypoxic, were administered oxygen via a blow-by system 
(10 L.min-1). Those whose SaO2 :> 95 per cent received 
no supplemental oxygen. The measurements were re- 
peated at five-minute intervals until the patient met the 
PARR discharge criteria (Aldrete score of 10, or 9 if due 
to an increase in blood pressure). Data were analyzed 
using the likelihood ratio test. 

Results 
Table I shows the mean SaO2 value recorded upon 
admission to PARR compared to Aldrete's recovery 
scores before any patient received oxygen. 

There was no statistically significant correlation be- 
tween the recovery scores and SaO2 (p > 0.05) nor was 
there a difference in the magnitude of increase in SaO2 in 
patients who had high PARR scores (--~7) or those who 
had low scores (<7)  when oxygen was administered 
(Table 1I). 

Twelve patients still had SaO2 < 95 per cent even 
when they were fully awake (PARR scores of 10). Four of 
these patients had history of a resolving URI at the time 
of surgery (Table III). 

Discussion 
Our study confirms earlier findings that children recover- 

TABLE [ SaO2 (mean --- SEM) on admission to PARR 
(no 02) 

PARR Score n Sa02 SEM Min Max 

3 1 96.00 0 - -  - -  
4 11 92.82 1.1 85 97 
5 28 96.32 0.47 89 100 
6 3 95.67 0.33 95 96 
7 1 96.00 0.0 - -  - -  
8 4 95.75 0.75 95 98 
9 4 94.25 1.11 92 97 

l0 9 96.33 0.69 92 99 
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TABLE II Change in SaO2 with O2 administration 

Aldrete score < 7 Aldrete score >- 7 

Number of patients 34 11 
Mean 4.09 5.36 
SEM 0.87 2.10 
Maximum 18 25 
Minimum - 11 0 

TABLE III Patients with SaO2 -- 95% and PARR score of 10 

Sa02 <- 95 Sa02 > 95 

Recent UP,] 4 10 
No URI 8 59 

(0.18 > p > 0.05) 

ing from general anaesthesia can become hypoxic in the 
PARR. We failed to show any correlation between 
hypoxia (as indicated by low SaO2 values) and the degree 
of recovery following general anaesthesia in children. 
Since many patients who had low measured SaO2 did not 
appear clinically hypoxic, it is recommended that, unless 
SaO2 is measured, all patients should receive supple- 
mental O2 in the PARR. The observation that 12 of our 
patients had SaO2 < 95 per cent when they were awake 
enough to leave the PARR (Aldrete score = 10) was quite 
disturbing. II is interesting to note that 33 per cent of those 
patients had a history of a resolving URI, which has been 
previously shown to result in perioperative atelectasis and 
hypoxaemia. Our sample was too small; however, to 
establish a clear association between preoperative URI 
and low SaO2 in the PARR. A study of a larger group of 
children is currently underway to clarify that possible 
association. 

References 
I Glazener C, Motoyama EK. Hypoxemia in children 

following general anesthesia. Anesthesiology 1984; 61: 
A416. 

2 Aldrete JA, Kroulik D. A postanesthetic recovery score. 
Anesth Analg 1970; 49: 924. 

3 McGill WA, Coveler LA, Epstein BS. Subacute upper 
respiratory infection in small children. Anesth Analg 1979; 
58: 331. 



A B S T R A C T S  

I s  p r o p h y l a c t i c  d a n t r o l e n e  i n d i c a t e d  f o r  M H S  

p a t i e n t s  u n d e r g o i n g  e l e c t i v e  s u r g e r y ?  

M. Cunliffe, J. Lerman, B.A. Britt 
The Hospital for Sick Children and Toronto General 
Hospital, Toronto, Ontario 

Prophylactic dantrolene is recommended for malignant 
hyperthermia susceptible (MHS) patients undergoing 
elective surgery. 1'2 However, the incidence of MH 
reactions and anaesthetic complicaitons in a large popula- 
tion of MHS patients who receive a trigger-free anaes- 
thetic for elective surgery without prophylactic dantro- 
lene is not known. To determine the incidence of these 
complications in MHS patients, we reviewed the anaes- 
thetic records of 956 MHS patients undergoing elective 
muscle biopsy. 

M e t h o d s  

We retrospectively reviewed the anaesthetic management 
and perioperative complications of 956 MHS patients 
undergoing elective muscle biopsy. The patients were 
referred for elective muscle biopsy because of a previous 
MH reaction, a family history of MH, or undiagnosed 
muscle cramps. We recorded the perioperative complica- 
tions in the operating room, recovery room, and on the 
ward postoperatively (Table). The criteria for positive 
muscle biopsy included a positive response to halothane 
contracture (normal = 0), caffeine contracture (normal 
4.1), and combined halothane and caffeine contracture 
(normal 1.2). Statistical significance (p < 0.05) was 
determined using the Chi-squared test with Yates correc- 
tion. 

R e s u l t s  

Of the 956 patients (mean age 31.2 yrs, range 1-95), 643 
were biopsy-positive and 313 were biopsy-negative. 
Regional anaesthesia (spinal, epidural, and field block 
with tetracaine, lidocaine, and mepivacaine) was used in 
6.3 per cent of the patients. Those receiving general 
anaesthesia (93.7 per cent) were premedicated with oral 
diazepam and intramuscular pantopon. General anaesthe- 
sia was induced with intravenous diazepam, droperidol, 
and fentanyl, and maintained with nitrous oxide and 
oxygen after endotracheal intubation. Muscle relaxants 
were not used. All patients were monitored in a routine 
manner for MHS. In most cases, the vastus lateralis 
muscle was biopsied. Six patients (ten per cent) receiving 
regional anaesthesia had nausea, or pain at the biopsy 
site, whereas 127 patients (14.2 per cent) receiving 
general anaesthesia had minor complications (Table). 
There was no significant difference in the incidence of 
complications between regional and general anaesthesia. 
Four patients who were muscle biopsy-positive (0.62 per 

TABLE Results 

S113 

Muscle biopsy 

Operating Recovery 
room room Ward 

Pos. Neg. Pos. Neg. Pos. Neg. 

Complications 
Respiratory 

difficult 
intubation 

laryngospasm 
bronchospasm 
cyanosis 
apnoea 

Cardiovascular 
tachycardia 
bradycardia 
atrial fib. 
PVC 
hypotension 

Temperature 
decrease 
increase 

MH reactions 
Other 

nausea 
vomiting 
drowsiness 
wound pain 

12 8 

7 3 
3 1 

1 1 
2 - -  

5 2 
l - -  

l - -  

5 1 

m _ _  

m _ _  

- -  1 - -  1 

1 1 - -  - -  

3 I 1 - -  
2 l 
l l 1 - -  

7 2 1 - -  

4 - -  

8 2 6 1 
4 - -  

4 3 3 1 
l 1 3 l 

It 12 1 l 
5 I 

cent) developed mild MH (14.2 per cent) receiving 
general anaesthesia had minor complicaitons (Table). 
There was no significant difference in the incidence of 
complications between regional and general anaesthesia. 
Four patients who were muscle biopsy-positive (0.62 per 
cent) developed mild MH reactions in the recovery room 
after general anaesthesia: one was treated successfully 
with general measures, and the other three were treated 
with intravenous dantrolene. 

D i s c u s s i o n  

The incidence of MH reactions in a large population of 
biopsy-positive MHS patients who receive a trigger-free 
anaesthetic for minor elective surgery without prophylac- 
tic danU'olene (0.62 per cent), is extremely small. The 
four minor MH reactions which did occur, occurred in the 
recovery room and were easily reversed with intravenous 
dantrolene. In view of the very low incidence of MH 
reactions in this high-risk (biopsy-positive) group of 
MHS patients who received a trigger-free anaesthetic, 
and because intravenous dantrolene reverses MH reac- 
tions, 3 prophylactic dantrolene is not indicated for MHS 
patients undergoing minor elective surgery. 
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Is there an optimum concentration of bupivacaine for 
caudal analgesia in outpatient surgery for children? 
J.E. Kapsten, L.M. Broadman, R.S. Hannallah, 
W.C. Norrie, G.L. Mundy, A.B. Belman, K.D. 
Anderson, P.C. Guzetta 
Children's Hospital National Medical Center and 
George Washington University, Washington, D.C. 

Prior studies have demonstrated that a regional block with 
0.25 per cent bupivacaine hydrochloride provided effec- 
tive postoperative pain relief 80-86 per cent of the time in 
children who had undergone either a circumcision or an 

12 orchidopexy. ' The current study examines the question 
of whether a more concentrated solution such as 0.30 or 
0.375 per cent bupivacaine may provide more effective 
analgesia without delaying discharge from the hospital. 

Methods 
Thirty-nine unpremedicated ASA physical status 1 or 2 
children, ages 4-11 years, were the subjects of this 
double-blind prospective study. All were having ambula- 
tory inguinal or penile surgical procedures. Following 
induction with either intravenous thiamylal or with N20, 
02 and halothane, but prior to the onset of surgery, all 
children received a caudal block using bupivacaine 
containing epinephrine (1:200,000) in a concentration of 
0.25, 0.30 or 0.375 per cent. The volume of bupivacaine 
injected was calculated by the formula of Takasaki 3 
(0.056 ml/kg/spinal segment). A T- 12 level was sought in 
every case. Anaesthesia was maintained with N20, O2 
and halothane by mask. The block was presumed to be 
effective if the inspired halothane concentration could be 
reduced to 0.5 per cent during surgery. 

In the recovery room the severity of pain was equated 
with blood pressure elevation, crying, movement, anxi- 
ety level and verbal reports of pain using a scale of 0 - 2  for 
each of the five categories. In addition, children ages 7 to 
11 years evaluated their own pain using a 0 -10  linear 
analogue pain scale. Fentanyl (1 p~g.kg -1 IV) was given 
to all children scoring six or more points on either pain 
scale on two consecutive five-minute observations. The 

time required for each patient to meet all standard 
discharge criteria from the hospital was noted. 

Results 
Thirty-seven of the 39 blocks provided satisfactory 
operative anaesthesia and postoperative analgesia regard- 
less of the bupivacaine concentration used. Two caudal 
blocks out of 39 (five per cent) failed to meet the criteria 
for satisfactory intraoperative analgesia. The two blocks 
were repeated at the completion of surgery with 0.25 per 
cent bupivacaine and both provided satisfactory postoper- 
ative analgesia. None of the children required supplemen- 
tal postoperative analgesia. Discharge times were 184 --- 
25, 224 -+ 32 and 278 --+ 37 minutes for children who 
received 0.25, 0.30 and 0.375 per cent bupivacaine 
respectively. These differences were not statistically 
significant (analysis of variance p > 0.1). 

Discussion 
It is concluded that 0.25 per cent bupivacaine containing 
epinephrine 1:200,000 produces effective postoperative 
analgesia without delaying discharge. Increasing the 
bupivacaine concentration does not appear to offer any 
advantage. The failure rate in previous reports of 10-14 
per cent is assumed to have been due to either poor 
technique or inadequate volume. 
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Do epinephrine-containing solutions decrease the 
risk of using bupivacaine for caudal anaesthesia in 
children? 
T.D. Sharpe, G.V. Goresky, M.A. Sabourin, B. Ahuja* 
Department of  Anaesthesia, University of Calgary, 
Calgary, Alberta 

Caudal anaesthesia may improve the management of 
postoperative pain after lower abdominal and limb 
surgery in children. ~ The long-acting amide, bupiva- 
caine, is a popular agent for this purpose. Because of 
complications of epidural anaesthesia attributed to use of 

*Deceased 
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this drug in obstetrical patients and others, bupivacaine 
solutions containing epinephrine have been recommen- 
ded. 2 In children, it is unclear if the use of epinephrine 
will significantly decrease systemic absorption of bupiva- 
caine administered for caudal block. This study was 
undertaken to determine peak plasma concentrations 
obtained with bupivacaine 0.375 per cent with and 
without epinephrine for caudal anaesthesia in children. 

Methods 
After ethical approval, consent was obtained from 
parents. Twelve unpremedicated ASA physical status l 
and 2 patients aged between two and five years, under- 
going circumcision, received N20/O2 and halothane 
anaesthesia. Bupivacaine 0.375 per cent with or without 
epinephrine (1:200,000) in a dose of 1.87 mg.kg -j was 

given to two groups of six patients as a single dose 
including a test dose of 2 ml over two seconds. The 
average volume used was 23.5 (---11 n-d). Patients were 
monitored until awake. Blood for bupivacaine assay was 
drawn from a 22-gauge cannula previously inserted into 
an antecubital vein. Samples were taken at intervals from 
0-60 minutes after injection. Serum bupivacaine concen- 
tration was measured using a chromatographic method 
based on modification of the technique of Huy-Riem Ha 
et al. 3 Comparison by Student's t test between groups 
was made for serum and peak concentrations and extent 
of block. 

Results 
All patients had adequate anaesthesia, blocks reaching a 
mean sensory level of L3 (+2 spaces) in both groups. 
Duration of surgical anaesthesia was similar for the two 
groups, 408 (---45) rain with epinephrine and 356 (•  128) 
min without epinephrine. The mean peak serum bupiva- 
caine concentrations with and without epinephrine were 
0.48 (_+0.23) I~g'kg-~ at 30 (--+ 16) rain and 0.48 (• 
~g-kg -t at 20 (--+ 10) min, respectively. There was no 
significant difference in the peak plasma concentrations 
of the two groups. No systemic toxicity was observed in 
any patient. Heart rate and blood pressure recordings 
were similar in the two groups and there were no 
significant changes from initial recordings in any patient 
during the study. 

Discussion 
Toxicity of any local agent is related to peak plasma 
concentration of the drug and the rate of rise of plasma 
concentration. Thus, Moore and Surlock 2 recommended: 
the use of local anaesthetic solutions with epinephrine to 
delay absorption of the drug (to decrease the peak plasma 
concentration); to help identify accidental intravenous 
injection (and therefore eliminate the possibility of a rapid 
increase in plasma drug concentration); and to stimulate 
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the myocardium, should systemic absorption occur. For 
bupivacaine, the threshold for toxic symptoms in adults 
has been reported as 2.3 I~g.ml-~. 4 Plasma concentra- 
tions in our study were well below the adult toxic range, 
andpeak concentrations were no different when using an 
epinephine-containing solution, although the rate of  rise 
was slower. Also, there was no difference between 
groups in the level or duration of analgesia achieved. 
Thus in our patients, there was no advantage shown by the 
addition of epinephrine to bupivacaine, other than provid- 
ing a slightly slower rate of rise of plasma concentration 
in a well-placed caudal block. 
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Droperidol pretreatment in children undergoing 
strabismus repair: the minimal effective dose 
S. Eustis, J. Lerman, D. Smith 
The Hospital for Sick Children, Toronto, Ontario 

Intravenous droperidol 75 I~g.kg -1 significantly reduces 
the incidence of vomiting after strabismus repair in 
children, i particularly when administered before manipu- 
lation of the eye. 2 It has been suggested that droperidol 
50 I~g'kg -t does not reduce the incidence of vomiting 
after strabismus repair, 3 even when administered before 
manipulation of the eye. 4 In order to determine whether 
lower doses of droperidol given before manipulation of 
the eye reduce the incidence of vomiting to the same 
extent as 75 p.g.kg -~, we determined the incidence of 
vomiting after strabismus repair in 60 children who were 
pretreated with either 50 p~g-kg -I or 25 Ixg.kg -l intrave- 
nous droperidol. 

Methods 
With approval from the Human Review Committee, 
informed written consent was obtained from the parents 
of 60 children undergoing elective strabismus repair. 
Each child was randomly assigned to receive one of two 
doses of intravenous droperidol: 50 or 25p,g.kg - t .  
General anaesthesia was induced with intravenous thio- 
pentone (5 mg'kg-]),  an-opine (0.03 mg.kg-t) ,  and suc- 
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cinylcholine (1.5 mg.kg-l). Intravenous droperidol was 
given immediately after succinylcholine. After ventila- 
tion with 100 per cent oxygen by mask, the trachea was 
intubated and the lungs were ventilated with halothane 
(0.5-1.25 per cent), nitrous oxide (69 per cent), and 
oxygen (30 per cent). Care was taken to avoid gastric 
inflation. Intravenous fluids were administered to replace 
fluid deficits and provide maintenance requirements. The 
children were extubated when their gag reflex returned. 

Gastric contents were not aspirated. The children were 
discharged from hospital when they had stable vital signs, 
were awake and alert, and could retain oral fluids. 

The incidence of vomiting before discharge from 
hospital was recorded by the rturses in the post-anaes- 
thetic room (PAR) and on the ward, whereas the 
incidence of vomiting after discharge was obtained from 
the parents. The surgical time and time to discharge from 
the hospital were also compared. Statistical significance 
(p < 0.05) was determined using the Fisher exact test, 
ANOVA, and the Student-Newman-Keuls test. 

Results 
The mean ages and weights of the two groups of children 
were similar. The incidence of vomiting pre-diseharge 
with droperidol 25 gtg'kg -t was significantly less than 
that with acetaminophen in a previous study 2 (Figure). 
The total incidence of vomiting with 50 and 25 ixg.kg -I 
droperidol did not differ significantly from acetaminu- 
phen whereas that with 75 Ixg.kg-t was significantly less 2 
(Figure). The duration of surgery and time to discharge 
from hospital did not differ significantly between 50 and 
25 I.Lg-kg -I droperidol. 
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Discussion 
The total incidence of vomiting in children after strabis- 
mus repair is not significantly reduced after administra- 
tion of either 50 or 25 I.tg.kg -t intravenous droperidol 
compared with acetaminophen. Although the pre-dis- 
charge incidence of vomiting with intravenous droperidol 
25 Ixg'kg -] is less than with aeetamJnophen, this dose 
does not prevent vomiting after discharge from hospital. 
We conclude that intravenous droperidol 75 ixg.kg -1 
remains the minimal effective dose of prophylactic 
droperidol which significantly reduces the incidence of 
vomiting after strabismus repair in children. 
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Comparison of direct blood pressure measurements 
at the radial and dorsalis pedis arteries during 
sodium nitroprusside and isoflurane hypotension 
S. Lenis, M. Abou-Madi, D. Archer, P. Ravussin, 
D. Trop 
Montreal Neurological Institute, McGill University; 
Montrdal, Qudbec 

Various authors have commented on the differing pres- 
sure in the radial artery and the dorsalis pedis artery, t,2 
We are, however, unaware of any study that has warned 
of disparate measurements during controlled hypo- 
tension or compared the differences as related to various 
hypotensive agents. The present study was therefore 
designed to compare arterial blood pressure measured 
simultaneously from the radial (RA) and dorsalis pedis 
(DPA) arteries during controlled hypotension induced 
with either sodium nitroprusside (SNP) or high-dose 
isoflurane in patients undergoing surgery for clipping of 
intracranial aneurysms. 

Methods 
Twenty ASA physical status Class 11I patients were 
randomly allocated to receive either neurolept (group I, 
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Conclusion 
Our data demonstrate that the values obtained from the 
DPA may be markedly different from those recorded at 
the RA. Furthermore DPA values are affected by the 
anaesthetic technique and by the hypotensive agents 
used. We suggest that these differences could have 
important clinical significance in critical situations mak- 
ing the DPA approach an unreliable site for monitoring 
arterial blood pressure. 
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FIGURE Changes in systolic, diastolic and mean arterial 
pressures at radial and dorsalis pedis arteries, before, during 
and after nitroprasside and isoflurane-induced hypotension. 
Values are mean -~ SEM. 

n = 10) or isoflurane (group II, n = 10) anaesthesia. In 
group 1, hypotension was induced by SNP 50 mg in 500 ml 
five per cent glucose, given IV as a continuous infusion. 
The infusion rate was adjusted to achieve a radial mean 
arterial pressure of 50-60 mmHg during the dissection 
and clipping of the aneurysmal sac. In group II, the 
inspired isoflurane concentration was gradually increased 
until the same level of hypotension had been achieved. 
Variables including systol (SYST) diastolic (DIAST), 
and mean arterial pressures (MAP) were measured and 
recorded from the two arteries consecutively before, 
during, and 20 minutes after hypotension. A minimum of 
five minutes of stable arterial pressure was allowed before 
the measurements were taken. Data were analyzed using 
Student's t test. P < 0.05 was considered significant. 
Results are expressed as the mean -+ SEM. 

Results 
The results are shown in the Figure. In group I, the SYST, 
DIAST, and MAP were higher at the DPA than at the RA. 
This difference persisted during normotension, hypoten- 
sion and post-hypotension. It was statistically significant 
during hypotension (SYST and MAP) and post-hypoten- 
sion (SYST). In group II, the SYST, DIAST, and MAP 
were higher at the RA than at the DPA. This difference 
also lasted throughout the study and was statistically 
significant at normotension (MAP) and during hypoten- 
sion (MAP). 

R~ponse hEmodynamique a rintubation chez le 
patient ~veillE 
S. B~lisle, J.F. Hardy, J.F. Saint-Germain 
Hrpital Maisonneuve-Rosemont, Montreal, Quebec 

L'hypertension et la tachycardie associres ~t la laryngos- 
copie et h l'intubation trachEale ont EtE attribures ~ une 
activitE sympathique accrue ayant pour origine les af- 
frrenees des voies arfiennes suprfieures.L L'expErience 
d'Ovassapian 2 des variations de la tension artErielle et du 
pouls lors de 200 intubations naso-trachEales avec fibres 
optiques sous anesthEsie locale avec cocaine et lidocaine 
a dEmontrE une hausse 16g~re de ces variables. I1 nous a 
sembl6 qu'une technique 6vitant la cocaine et la voie 
naso-tracb~ale pourrait minimiser ces ehangements 
hrmodynamiques. Cette Etude 6value, ~ l'aide d'un 
monitoring invasif, la rfponse cardio-vasculaire ~ l'in- 
tubation oro-trachEale sous anesthEsie locale, sedation IV 
et laryngoscopie h fibres optiques. 

Methndes 
Apr~s accord du ComitE d'Ethique et consentement 
6elairr, dix patients de classe ASA II et I//, ages de 52 
73 ans, ont EtE EtudiEs. Tous subirent une chirurgie de 
l'aorte abdominale. Aucun ne prEsentait d'instabilitE 
cardio-vasculaire ou pulmonaire. La medication usuelle 
n'introduisait pas de biais darts l'6tude. Apr~s une 
prEmEdication intramusculaire (morphine 0.15 mg.kg-i 
+ scopolamine 0.4 mg) un supplement intraveineux de 
diaz~pam (2.5-5 mg) et de fentanyl (50-250 Ixg) est 
administr6 au besoin avant la raise en place de la canule 
artErielle et du catheter de Swan Ganz. L'anesthEsie 
oro-trachEale est rEalisEe b, l'aide de lidocaine en arrosol 
(maximum de 100mg) et via l'injection transtrachEale 
(TT) de 160 mg de lidocaine. Le tube endo-trachEal est 
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TABLEAU Resultats 

Moyenne • d~viation 
standard Ti T2 T3 

Pouls,min -~ 72 +-. 16 79 +- 16' 77 +- 16 
Tension arterielle 

(moyenne) mmHg 96 • 13 102 • 10" 101 • 15 
Pression art. pulmonaire 

(moyenne) mmHg 21 • 7 25 • 6* 23 • 6 
Wedge mmHg 13 -+ 5 16 +-- 4* 15 • 7* 
DebiteardiaqueL-min -~ 5.26 + 1.6 5.57 -+ 1.5 5.61 -+ 2.3 

*Different de TI, p < 0.05 (t - test jumel~) 

ensuite positionn~ ~t l'aide d'un laryngoscope ~t fibres 
optiques. Les mesures sont receuillies au repos apr~:s la 
mise en place des moniteurs (TI), puis immtdiatement 
apr~s l'anesthtsie locale (T2) et l'intubation oro-trachtale 
(T3). 

Resultats 
La majorit6 des changements significatifs sont done 
survenus suite h l'injection trans-trach~ale (Table). 

La mesure des PO2 et PCO2 n'a pas vari6 de fa~on 
significative aux temps 1, 2 et 3. 

Conclusion 
L'anesthtsie topique de l'arbre bronchique par injec- 
tion TI" de lidocaine est une arme h double tranchant: son 
extcution entraine des changements htmodynamiques 
significatifs mais son action prot~.ge des effets nocifs de 
l'intubation. I1 faut rioter que les variations observ~es, 
quoique significatives, demeurent minimes et se cam- 
parent favorablement h plusieurs autres m~thodes de 
prtvention de l'hypertension post-intubation. 3-5 Ces 
changements htmodynamiques nous apparaissent tol~ra- 
bles chez des patients dont la pathologic cardiovasculaire 
est stable et bien contrtl~e. 
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General or spinal anaesthesia: which is better for the 
elderly? 
F. Chung, R. Meier 
Department of Anaesthesia, Toronto Western Hospital, 

Toronto, Ontario 

The increase in the elderly population and advance in 
surgical and anaesthetic techniques have led to more 
operations on elderly patients. Psychological problems, 
in particular preoperative anxiety and postoperative con- 
fusion contribute to morbidity and mortality. The contri- 
bution of anaesthesia is difficult to assess, and review of 
the recovery of mental function postoperatively is incon- 
clusive.~'2 Tests of mental function were not performed 
on the day of operation, or first postoperative day nor was 
comparison made of recovery after general versus spinal 
anaesthesia in elderly patients. The purpose of this study 
was to compare mental recovery in elderly patients from 
general or spinal anaesthesia. 

Methods 
Following insitutional approval and after obtaining in- 
formed consent, 44 patients, aged 60 and over, scheduled 
for transurethral resection of the prostate or pelvic floor 
repair were randomized to receive either general anaes- 
thesia or spinal anaesthesia. No premedication was given. 
General anaesthesia was induced with thiopentone 2 -  
5 mg.kg- t and fentanyl 1-2 I~g.kg- ~. "Pre-curarization" 
with 3 mg d-tubocurarine was followed by muscle relax- 
ation with 1.5 mg.kg -t succinylcholine. The trachea was 
intubated. Anaesthesia was maintained with nitrous 
oxide, oxygen, curare, fentanyl, and isoflurane. Spinal 
anaesthesia was done at the L3-4  or LA-5 interspace with 
a 22- or 26-gauge spinal needle. Tetracaine, 10-14 mg 
diluted in ten per cent dextrose solution, was given. 
Psychological assessment included preoperative cogni- 
tive screening by the Mini Mental State test, measure- 
ment of anxiety by visual analogue scale, and standard- 
ized geriatric mental status examinaton. The Mini Mental 
status examination was administered six hours after 
surgery, and on the first, third and fifth postoperative 
days. Recollection of previous levels of anxiety, and 
anxiety on the first postoperative day were measured. 
Preoperative clinical data included demographic, medical 
and previous psychiatric information, and medication 
used, in addition to customary haemoglobin, electrolytes, 
blood sugar, urea, arterial blood gas and electrocardio- 
gram. Postoperatively, the above laboratory investiga- 
tions were repeated on the first and third postoperative 
days. Medications were recorded during the postopera- 
tive stay. 

Data were analyzed by Students' paired and unpaired 
t test, Chi Square, or Fischer's Exact Test. 
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FIGURE Mean change in mental function score in patients 
having general anaesthesia (--) versus spinal anaesthesia 
(...). *p < 0.(301. 

Results 
Three of the 44 patients were confused (6-8 per cent). All 
three confused patients had received general anaesthesia 
(12.5 per cent). None of the patients in the spinal 
anaesthesia groups showed signs of confusion. The three 
confused patients had predisposing personality traits; two 
had higher levels of anxiety, and one had a paranoid 
personality. Two of the three confused patients were 
receiving antidepressants, in contrast to the group without 
postoperative confusion of whom none was receiving 
antidepressants. The Mini Mental test showed that 
patients in the spinal anaesthesia groups scored better at 
all times compared with the general anaesthetic group. 
Mean change in the mental function score was statistical- 
ly significant in the general anaesthetic group as com- 
pared to the spinal group at six hours postoperatively (p < 
0.001) and at the third day (p < 0.1) (Figure). The anxiety 
score showed that patients undergoing transurethral 
resection of prostate and pelvic floor repair had a very low 
level of preoperative anxiety. The difference in degree of 
anxiety between preoperative and postoperative assess- 
ments was not statistically significant. There was no 
significant difference between preoperative and postoper- 
ative blood results. The requirement for postoperative 
analgesics and hypnotics was not significantly different 
between general anaesthetic and spinal groups. The 
requirement of antiemetics was significantly higher in the 
general anaesthetic group (p < 0,005). 

Discussion 
In this study, a higher percentage of patients who received 
general anaesthetic were confused as compared to those 
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receiving spinal anaesthesia. Predisposing personality 
traits and preoperative use of antidepressants seemed to 
be the contributing factors in the confused patients. 
Mental recovery in the postoperative period was better 
with spinal anaesthesia as compared to general anaesthe- 
sia. Significant mental impairment still occurred at six 
hours after general anaesthesia. 
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Measuring the volume of gastric contents under 
general anaesthesia: evaluation of two clinical 
methods 
J.F. Hardy, G. PIourde, M. Lebmn, S. DubS, C. C6t6 
Maisonneuve-Rosemont Hospital, Universit~ de Mont- 
real, Montreal, Quebec 

Accurate measurement of  the volume of gastric contents 
is of prime importance in anaesthesia to identify patient 
populations at increased risk of regurgitation and subse- 
quent aspiration. Two methods are readily available in 
clinical practice to measure this volume: (I) gastric 
intubation and complete aspiration of fluid contained in 
the stomach and (2) indirect determination by a dye 
dilution method. Both methods have several drawbacks. 
Aspiration may be incomplete, especially with conven- 
tional Levin's tubes, t Dye dilution has been thoroughly 
investigated in the gastroenterology laboratory. 2-3 The 
method has been shown to be accurate when patients were 
kept sitting, when the position of stomach tube was 
checked radiologically, and when the previously deter- 
mined optimal concentrations of the indicator dye were 
used. However, the method has never been validated in 
the operating room environment. Fu~t.hermore, division 
of the stomach into antral and fundal sacs in supine 
patients 4 may interfere with both aspiration and dilution. 
Thus, we believe that a re-evaluation of these experimen- 
tal methods is necessary. This study attempts to prospec- 
tively validate both gastric fluid measurement techniques 
in the supine anaesthetized patient. 

Methods 
Ethics Committee approval and informed consent were 
obtained. Twenty-four ASA physical status I - l l I  adult 
patients undergoing elective laparotomy, excluding sur- 
gery of the oesophagus and stomach, were studied. 
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Anaesthetics were standardized. Mask ventilation was 
avoided to prevent gastric insufflation. After skin inci- 
sion, an 18 Fr Salem S ump | tube (Argyle, St Louis, Mo.) 
was passed orally into the stomach. Gastric contents were 
aspirated as completely as possible (aspirated volume, 
Vasp) with a 50 ml syringe. The surgeon was then asked to 
inspect the stomach and ascertain complete gastric 
emptying. This direct inspection could lead to aspiration 
of additional gastric fluid (additional volume, Vadd). The 
total volume (Vto t = Yas p + Vadd) was  then returned to 
the stomach and diluted with 100ml of a 0.4 per cent 
polyethylene glycol (PEG) solution. PEG is a non-toxic, 
non-absorbable, water soluble polymer. Mixing was 
achieved by withdrawing and re-inserting five syringefuls 
of gastric contents, which were then aspirated as com- 
pletely as possible (V,~-asp). PEG concentrations were 
determined by colorimetry in two 3 ml samples (labora- 
tory blinded to Vtot). Knowledge of PEG concentration 
enabled calculation 2 of the volume diluting the indicator 
(VPEo). Stastistical analysis was performed by the De- 
partment of Mathematics and Statistics. 

Results 
All results mean • standard deviation 

Vasp = 31.10 • 28.77 ml (n = 24) 
Vaaa = 4.05 --- 3.93 ml (significantly ~ 0, p < 0.05) 
"~/tot = 35.48 +-- 29.15 ml 
VrmG = 26.2 • 28.78 ml (n = 15). 

The first nine determinations of VpEG were totally erratic, 
owing to a variety of technical difficulties, and were 
excluded. 

Vasp correlated with Vtot (r = 1.00, p < 0.001) 
Vr, eG correlated with Vtot (r = 0.89, p < 0.01) 
V,~.a~p correlated with VpEG (r = 0.89, p < 0.01). 

Conclusions 
(1) Aspiration of gastric fluid with a large, vented, 
multi-orificed tube yields a very accurate estimate of the 
volume present in the stomach. The technique is simple, 
fast and inexpensive. We submit that previous concerns 
that the aspiration method will underestimate the volume 
of gastric fluid 1'5 may have been due to technical 
limitations. (2) The PEG dilution method yields slightly 
less precise, but still very adequate results. It is however 
more complicated and requires strict laboratory discipline 
to achieve accuracy. 
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Monitoring for marrow embolism during cemented 
arthroplasty procedures 
R.J. Byrick, G. Howic, J.C. Kay, J.P. Waddell, B. 
Mullen 
St. Michael's Hospital, University of  Toronto, Toronto, 
Ontario 

Intraoperative hypoxaemia and hypotension has been 
reported during cemented arthroplasty procedures. The 
GUEPAR total knee replacement requires reaming of 
both tibial and femoral intramedull.ary canals and inser- 
tion of long-stemmed components. In theory, simulta- 
neous insertion of two cemented prostheses would effec- 
tively double the potential for marrow embolism. We 
monitored a patient and demonstrated a reduced FETCO2 
after prosthesis insertion which coincided with hypox- 
aemia and hypotension. In this study we examine the 
sensitivity of FETCOz monitoring in detecting intra- 
operative marrow embolism during dual stemmed arthro- 
plasty using a mongrel dog model. 

Methods 
Eight mongrel dogs were anaesthetized with pentobarbi- 
tone, paralyzed with pancuronium, and ventilated to a 
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normal PaCt2. The pulmonary arterial (PAP), aortic 
~iBP) and left atrial (LA) pressures were monitored 
continuously. Arterial and mixed venous blood samples 
were obtained and analyzed for PO2 and PCO2. Cardiac 
,output (0) was determined using thermodilution tech- 
nique. 

After control data were obtained, both femurs were 
exposed and intramedullary cavities reamed to a depth of 
10 cm with successively larger reamers. Low-viscosity 
bone cement was injected under manual pressure and 
bilateral contoured prostheses were inserted. The methyl- 
methacrylate (MMC) components were mixed according 
to standard directions and injected to simulate the clinical 
situation. During mixing, the capnograph sampled va- 
pour from the mixing bowl; and during insertion, FETCO 2 
was continuously monitored (Beckman capnograph) as 
well as BP, PAP, and LAP. At 5, 15, 30 and 60 minutes 
after prostheses insertion measurements were repeated. 

Post-mortem, lungs were fixed in inflation with ten per 
cent buffered formalin at a pressure of 25 cm H20 and 
stained. Morphometric measurements were performed, 
and the number of fat and marrow emboli were counted. 

Results 
During mixing of MMC the capnograph did not detect 
any CO2. The Table details some early cardiorespiratory 
changes noted immediately after cemented implant inser- 
tion. No change in LAP was noted and a slight increase in 
FETCO2 was documented immediatedly. Massive mar- 
row embolism was found on histological examination. 

Discussion 
Marrow embolism can result from pressurizing the 
reamed contents of the intramedullary cavity during 
cemented arthroplasty procedures. These data suggest 
that FETCO2 monitoring may not detect haemodynamic- 
ally significant marrow emboli. This contrasts with the 
clinical sensitivity of FETCO2 in detecting air embolism. 
The insensitivity of FETCO2 in this study was not an 
artifact produced by the vapour as the capnograph did not 
detect any of the products of mixing. 

In four dogs FETCO2 increased in spite of reduced Q 
and elevated PAP (Table). This suggests increased CO2 
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production. MMC may be metabolized to C02 through 
the citric acid cycle or the heat generated polymerization 
could liberate C02 stored in bone and adjacent tissue. 

If the syndrome results in catastrophic cardiovascular 
collapse, FETC02 will decrease but less profound reduc- 
tions in 0 may not be detected. If clinical studies verify 
the relevance of this model, anaesthetists should not rely 
on FETCO2 to detect marrow emboli. Other continuous 
monitors (pulse oximeter, PA catheters) may be more 
sensitive during high risk procedures. 

TABLE Results 

Control 5 Minutes 15 Minutes 

BP(mmHg) 136.3 -+5.5 124.4 -*8.9* 126,1 -+5.2 
PAP(mmHg) 15.2 -+ 1.2 25.1 -+ 1,2" 22.5 --.0.9* 
0 (L'min -I) 4.43 +-- 0,43 3.16 • 0.36* 2,96 -~ 0.34* 
PaO2(mmHg) 94.1 -+ 3.7 82.1 • 3.6* 767 • 3.4* 
FETCOa [%) 4.5 • 0.24 4.74 --+ O.2* 4.62 --+ 0.27 

Mean • ] gEM af values noted at S and 15 minutes ~ter  bilateral ~ p l a s t i e s  
(n = 8). 

=l~notl~ a significant change ft~rn control. 


