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Hormonal and 
haemodynamic 
responses to upper 
abdominal surgery 
during isoflurane and 
balanced anaesthesia 

The purpose of the study was to compare the protective 

role of different anaexthetic techniques against surgical 

stress. Sixty patients undergoing elective laparotomy 
were randomly divided into six groups of ten patients 

each: Group I was given 0.65 MAC nitrous oxide (66per 

cent respired) and 0.65 MAC isoflurane (0.75 pet" cent 
et~d-expired); Group 11 was given 0.65 MAC nitrous 
oxide and t - l . 2  MAC isoflurane (I .2-1.4  per cent 

end-expired): Group 111 was given the same anaesthetic 
management as patients in Group I but with the addinon 

of fentanyl (2 txg.kg - j  ) before the skin incision and ~ of 
the initial dose every ]5 mi,utes during surgery; Group 

IV was treated as patient~ in Group I with an additional 
infusion of iidocaine (30 t.tg,kg- j . rain- I ); Groups V and VI 

were given 0.65 MAC of nitrous oxide and fentanyl, 7.5 
and 15 #g .kg - j  , respectively, be[ore skin incision with 
of the initial dose ever), I5 minutes during tt~e operation: 

diazepam, 5 mg IV ecwh hour oJ'surge~y, was given to 
prevent intraoperative awareness. Cartisol concentra- 
tion was determined by radioimmunoassay method and 
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catecholamines were measured by high performance 

liquid gas chromatography in blood samples taken at 

different stages perioperativety. 
All patients had satisfactory haemodynandc courses of 

anaesthesia. Statistically signifieant increases in both 

epinephrine and norepinephrine concentrations were 
observed, during the immediate postoperative period in 
Group I padents only. Haemodynamic stobili13_' was 
maintained despite ,7 two- to three.fold increase hi 

cogtisol which occurred during the operation and hn- 

mediate postoperative period. More than 1 MAC of 
isoflurane in conjunction with nitrous oxide (Group I1) 
and fentanyl in a loading close of 15 Ixg. kg-t (Gror162 VI) 

did not show any advantages over other techniques 

employed, but substantially delayed awakening and 
extubation. 

An anaesthetic agent can be evaluated not only with 
regard to the influence on homeostasis  per  se, but 
also in terms of its ability to protect the organism 
from surgical stress. Responses to surgical trauma 
are largely mediated through the autonomic nervous 
system and adrenal medulla,  and, therefore, are 
expressed as increases in heart rate (HR), blood 
pressure, and concentrations of  stress associated 
substances in the circulztion during and after 
surgery. Increases in cortisol and catecholamines 
are reliable indicators of  surgical trauma and mani- 
festations of the physiological response to stress. ~,2 
Different anaesthetics or combinations of  different 
agents can provide different degrees of  protection 
against similar surgical stress. The purpose of this 
study was to evaluate the ability o f  isoflurane, in 
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combination with nitrous oxide, and both with and 
without lidocaine and fentanyl, to provide haemo- 
dynamic and hormonal stability during upper ab- 
dominal surgery. 

lsoflurane anaesthesia in volunteers and surgi 
cally unstimulated patients was associated with a 
decrease in blood pressure and occasionally a 
decrease in HR. 3-s The addition of surgery was 
accompanied by an increase in HR; however, these 
results were observed in patients given isol~urane in 
a relatively low dose.6 These data might be interpre- 
ted as evidence that light ist~flurane anaesthesia 
does not sufficiently protect the cardiovascular 
system from surgical stress. Therefore, we chose 
two levels of isofturane anaesthesia to examine the 
effect of isoflurane dose on response to surgery. 

Infusion of local anaesthetics to supplement 
general anaesthesia has been used for many years.7,8 
Lidocaine administered intravenously produced 
analgesia for experimentally induced pain 9 and 
decreased MAC of inhalational agentsfl ~ A 
plasma lidocaine concentration of 3.2 txg'ml - t  
during administration of 70 per cent nitrous oxide 
produced an anaesthetic effect equal to 1 MAC.n2 
Alterations in anaesthetic requirements induced by 
lidocaine could be related to blockade of nncicep- 
tive impulses at the level of spinal cord neurons. 13 
The combination of isoflurane with an infusion of 
lidocaine was used in this study in an attempt to 
further modify hormonal and imemodynamic re- 
sponses to surgery. 

Fentanyl in doses above 50 l.xg'kg-t t,~ and even 
as low as 10 txg'kg -~ t5 prevented catecholamine 
release during upper abdominal surgery. However, 
doses of 5 l~g'kg~' of fentanyl did not prevent an 
increase in blood cateeholamine concentration dur- 
ing laparotomy. 16 Therefore, wc chose fentanyl 
doses of 2 ~g.kg-~ (combined with isoflurane and 
nitrous oxide), and 7.5 and 15 i~g.kg -~ (sup~ 
plemented by nitrous oxide only), to determine if 
one or more of these combinations would provide 
relatively effective protection from surgical stress 
without causing prolonged postoperative respira- 
tory depression. Thus, the main hypothesis of the 
study can be formulated as tbllows: fentanyl and 
]idoeaine supplementation to general anaesthesia 
with isoflurane and nitrous oxidc permits a reduc- 
tion in the dose of isoflurane and/or provides better 
protection against surgical stress than does isoflur- 
ane alone. 

Methods 
After approval from the Institutional Review Board 
on Human Research at The University of Alabama 
in Birmingham, informed consent was obtained 
from 60 ASA physical status 1-11 adult patients 
undergoing elective upper abdominal surgery (chop 
ecystecomy, gastrectomy). All patients received 
the same premedication which consisted of dia- 
zepam, 0.15 mg'kg-L orally, and morphine, 0. I 
mg.kg-~ intramuscularly and a standard induction 
with thiopentone, 4 mg-kg -b . Endotracheal intuba- 
tion was facilitated with 1.5 mg,kg-1 of succinyl- 
choline. Subsequent muscle relaxation was achiev- 
ed with metocurine, 0.2-0.3 mg'kg -~, titrated by 
train-of-four neuromuscular stimulation. The 
choice of metocurine was due to its minimal effect 
on cardiovascular function, compared with other 
muscle relaxants. ~7-t9 [n all patients ventilation 
was controlled with 0.65 MAC (66 per cent 
inspired) nitrous oxide in oxygen. Patients were 
randomly assigned to six groups, ten patients per 
group (Table I). 

Patients in Group 1 received 66 per cent nitrous 
oxide and approximately 0.65 MAC (0.75 per cent 
end-expired) isoflurane to maintain blood pressure 
as close to pre-induction values as possible. Patients 
in Groups I, II, lfl, IV, V and V1 received the same 
fluid management: lactated Ringer's solution was 
infused at a rate of 15 ml-kg -~ during the first hour 
of laparotomy, 10 ml .kg- i during the second hour, 
and g ml.kg-I during the third and fourth hours. 
Blood loss was replaced with lactated Ringer's 
solution in a ratio of 1:3 and with an equal amou nt of 
blood when the hematocrit fell below 35 per cent. 

Group 11 patients received 66 per cent nitrous 
oxide and 1-1.2 MAC (1.15-1.35 per cent end- 
expired) of isoflurane. The amount of fluid given to 

TABLE [ Anaesthetic Manageraent 

Groups Anae,qlhesia 

I 
It 
III 

IV 

V 

VI 

N~O - 0.65 MAC: lsoflurane - 0,65 MAC 
N)O - 0,65 MAC; Isofluranc - 1-1.2 MAC 
N20 - 0.65 MAC; Isoflurane 0.65 MAC; Fentanyl 2 

~g'kg - t  + 0.25 ~g'kg-~/15 rain 
N20 - 0.65 MAC; Isoflurane 0.65 MAC: Lidocaine 

1,5 rag.kg -I  + 30 }xg'kg-n/m[n 
NzO - 0.65 MAC; Fenlanyl 7.5 p.g'kg - I  + I 

I-tg'kg-~/15 rain; Diazepam 5 mg'hr -~ 
NzO - 065  MAC; Fent~nyl 15 Itg-kg ~ + 2 

l.xg'kg-b'15 rain; Di~zepam 5 mg.hr -n 
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patients in this group was increased by 1-2 1 of 
lactated Ringer's solution to keep tile blood pres- 
sure close to pre-induction values. 

Group IIl patients received 2 ~g 'kg-  ~ of fentanyl 
before the skin incision. One-eighth of the initial 
dose was given every 15 minutes during surgery. 
They also received 66 per cent nitrous oxide and 
isoflurane, which was titrated to keep the blood 
pressure close to pro-induction values and was 
maintained at approximate]y 0.75 per cent end- 
expired. 

Group IV patient.~ received 66 per cent nitrous 
oxide, isoflurane, (about 0.75 per cent end-expired, 
titrated to keep blood pressure close to pro- 
induction values) and a bolus of lidocaine, 1.5 
mg.kg -1, before anaesthesia induction, with sub- 
sequent lidoeaine infusion (30 ~g'kg -1' min-~). The 
infusion was stopped at the end of the surgery. 
This technique should maintain a plasma level of 
about 3 p.g-ml -t of lidocaine; 2~ however, we 
did not confirm this by measurement of plasma 
lidocaine. 

Patients in Groups V and VI received fentanyl, 
7.5 and 15 /xg'kg - t ,  respectively before skin 
incision with ~ of initial dose given every 15 
minutes during surgery. The method of administra- 
tion of fentanyl used in this study was based on a 
pharmacokinetic model of fentanyl derived from 
the data by McClain and Hug. 22 The dosage of 
fentany] should assure a relatively stable plasma 
level of fentanyl- not lower than 3.2 ng-ml -~ when 
15 ~tg.kg -~ was the initial dose and not lower than 
1.6 ng.ml -~ when 7.5 i..tg.kg -~ w a s  u s e d .  "~3 Fent- 
anyl was given in addition to 66 per cent of nitrous 
oxide. Diazepam, 5 mg IV per each hour of surgery, 
was given to prevent intraoperative awareness. 

In all patients, residual muscle paralysis was 
reversed at the end of the surgery with 2 mg of 
atropine and 5 mg neostigmine. Times of restora 
tion of respiration and extubation, incidence of 
nausea, vomiting and emergence excitement were 
recorded. Extubation was performed when patients 
were awake and the following criteria met: lbrced 
vital capacity above 15 ml'kg -~ , negative inspira- 
tory lorce greater thau 30 mmHg, and a positive 
head-lift sign. 

Cardiovascular variables - systolic, diastolic and 
mean blood pressure (using Dinamap Adult/Pedia- 
tric Vital Signs Monitor, Mode] 845XT, Criticon, 
Inc.) and HR - were monitored. End-expired 

isoflurane concentration was measured with 
an Engstr6m Multigas Monitor for Anesthesia 
(EMMA). With at least a 30-minute warmup 
period, the EMMA was zeroed against room air. A 
humidity retaining device, "artificial nose," sepa- 
rated the EMMA sensor from the patient's humidi- 
fied air. In this case, water vapour values consis- 
tently showed 0.5 per cent; therefore, the actual 
value of end-expired isoflurane concentration was 
equal to the read-off value minus 0.5 per cent. The 
EMMA was calibrated with a calibration trans- 
ducer, provided by the Engstrfm Company. Thirly 

random EMMA values were compared to measure- 
meats obtained with the Perkin-Ehner Medical Gas 
Analyzer, Model 1100 and found to be identical. 
Controlled ventilation was adjusted to maintain an 
end-expired carbon dioxide tension close to 40 
mmHg. Venous blood samples were taken to 
determine cortisoL and catecholamine (epinephrine 
and norephinephrine) concentrations at the follow- 
ing seven stages: Stage I - one day prior to surgery, 
at 3-5 p.m. (baseline values), Stage 1I - before 
anaesthesia induction, at 7-9 a.m., Stage 1[1 - 
immediately after endotracheal intubation, Stage 
I V -  15 minutes after skin incision, Stage V - 1 hour 
into surgical procedure, Stage VI and VII - two and 
six hours after surgery was completed, respect- 
ively. 

Blood samples for analysis of catecholamines 
were collected in iced polystyrene tubes containing 
EDTA. After centrifugation, plasma was collected 
and stored at - 8 0  ~ for later analysis. Catechol- 
amines were extracted one to two weeks later and 
then assayed by high performance liquid ehromato- 
graphyfl 4'z6 Cortiso] concentration in the plasma 
was determined using radioimmunoassay. 27 

Data analysis was computed by statistical analy- 
sis system (SAS) and consisted of determination of 
mean values of each variable at all stages. Differ- 
ences between variables of groups and at different 
stages were determined with repeated measure- 
ments in time analysis of variance model. 28 Since 
there is a large number of degrees of freedom (30 or 
40) in the group by stage interaction term, truly 
significant differences could be diluted by a large 
number of non-significant differences resulting in 
an overall not significant group by stage interaction 
term. Thus regardless of whether the group by stage 
interaction term was significant, one way analysis 
of variances were run at each stage. Individual 
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TABLE II Demographic data (Mean = SE) 

Groaps Age BSA % Male % Cholecyswcwmy 

l 49- - .6  1 . 7 7 - 0 , 0 7  30-- .14 80-+13  
It 4 0 •  1 9 1 •  36-- .15 8 2 = 1 2  
III 49-- .5  1.80-+0.04 2 0 -  ~ 13 80- -  13 
IV 3 8 + 5  1 . 7 5 + 0 . 0 6  0 - = 0  100"4-0 

V ~-8+-,4 1.92---0.08 18--- 12 6 4 =  14 
V! 5 1 - 7  1 . 7 9 : 0 . 0 5  44"+17  5 6 " 1 7  

See Table 1 for Group identification. 

comparisons between group means was performed 
by Duncan's new multiple range test applied at each 
of the stage analyses. Within group comparisons 
utilized a two-way analysis of variance with one 
repeated factor (stage) and one independent factor 
(patient). 

Comparisons of study demographics between 
groups for such variables as age and BSA was done 
by a one-way analysis of variatlce. Comparison of 
the proportions of each group that were of a given 
sex or had a particular surgical procedure was done 
by a chi square test of proportions. Sample size was 
determined arbitrarily and significance level equal- 
led 0.05. 

Results 
There were no s'catistieally significant differences 
between the groups in age, sex, BSA, surgical 
procedures or duration of surgery (Table IlL All 
patients were between 37 and 55 years and the 
duration of surgery varied between two and three 
hours. 

Due to the design of the study, end-expired 
isoflurane concentration was higher in Group I1 
compared with the other groups; however, there 
were no differences in end-expired isoflurane con- 
centrations during surgery between Groups I, ill 
and IV (Table III). 

TABLE 11l End-expired isoflurane concentration (%) daring 
surgery (Mean = SE) 

Gronps 13 rain after skin ?ncision ! hr of sJ~rgery 

I 0.79 • 0.14 0.66 • 0.10 
It 1.46 + 0.09* 1.25 = 0.07 ~ 
lII 0.58 = 0.12 0.65 ---0,16 
1V 0.74 = 0.12 0.65 -+ O, 12 

See Table l for Group idemification * = p < 0,05 cc)mpared 
with Groups I. tit and IV in corresponding stages (analysi~ 
of variance). 

The analysis of HR showed a significant group by 
stage interaction. The other variables investigated 
(mean arterial blood pressure, plasma cortisol, 
epinephrine and norepinephrine) did not have a 
statistically interaction term. Changes in HR and 
mean arterial blood pressure (MAP) observed dur- 
ing surgery with all of the anaesthetic techniques 
employed, are presented in Table IV. Moderate, but 
statistically significant, decreases in HR were ob- 
served during surgery in patients who received 
fentanyl - Groups V and Vl. 

A two- to three-fold increase in plasma cortisol 
levels occurred in all patients regardless of the 
anaesthetic technique employed (Table IV). The 
maximum increase was observed postoperatively at 
Stages VI and VII rather than during the surgical 
procedure itself. Rises in plasma cortisol values 
were similar in all anaesthetic groups. 

Epinephrine and norepinephrine concentrations 
were increased during the immediate postoperative 
period in Group 1 patients (Table IV). There was a 
great inter-individual variability in plasma cate- 
eholamine levels which led to a relatively large 
standard deviation of the mean values at each stage 
of observation. 

There were some differences in the immediate 
postoperative course between the groups. Extuba- 
tion after surgery was possible earlier in Groups 1, 
Ill, and V than in Groups II, IV, and VI. There was 
a substantial delay in extubation in Group VI 
patients, who received relatively high doses fen- 
tanyl. The requirement for the first injections of 
analgesics was substantially delayed in patients 
who received fentanyl (Groups V and VI Table 
IV). Nausea occurred in two patients who received 
deep isofluraue (Group 11) and in one of the paticnts 
who received fentanyl (Group V), and vomiting 
occurred in only one of the patients in Group II (one 
of the patients who had nausea). Shivering, cough- 
ing, and/or excitement were not observed in any of 
the 60 patients. 

Discussion 

Haemodynamics 
Certain changes in heart rate and blood pressure 
were observed in the various groups. Relatively 
deep isoflurane anaesthesia (Group ll) was accom- 
panied by a statistically significant increase in HR 
without concomitant decreases in b]ood pressure. 
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TABLE IV Heart tale, rncan arterial blood pressure r and catecholamine concentrations (Mean - 5E) 
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(during surgery) (after surgery) 

Groups Variables Baseline reduct ion  intubation 15 mo~ IHR 2 HR 6 HR 

l HR 81 *0.9 84 ~2,7 84-+4.0 8 8 - 5 3  8 6 + 5 6  ~'e '  92+4.66 8 8 = 3 2  
MAP 94---43 102-+2,6 108=5.6 132---7.6 98---4.3 100+5.1 97---57 
CORT 5.5• I 1.9-+2.7 13.1Z3.25 19.50=2.50" 27,8-+2.8 * 35.1 -+4.8* 23.7--3,75* 
EPI 134.4-+33,7 108,6-+25.3 177.0-+70.9 145.0=32.4 178.0-+39,6 237.5+81.4 467.6-- 192.2' 
NE 251.4--.69.9 342.3-+52.8 368.8-+60.5 383.3=74.4 323.0-+41.2 419.5+101.43 387.8=6~1.2" 

11 HR 78~2,2 79-+3-9 95---3.4* 94+2.5 *56 95 -'-+ 4.7 *~''~ 89"- 5.8 ~' 87=4.6 
MAP 86=2.5 94*-2.2 105• 99-+6.0 9~.• 3.3 ~ 95-- 3.0 95-+3.1 
CORT 7.7=0,8 130• 12.9-+2.0 15 7-+1,4 22,2-+2.3" 34.8-+ 1,9" 33.5=5.6* 
EP[ 157.2--.56.2 82.7-+22.8 245.4• 1226=31.1 118.0-+44.9 221.1• 136.2"-15.9 
NE 406.1---69.4 207.6-+32.1 309.0-+46.7 4062• 375.1"-57.8 347.8*-43.5 357,0---45.5 

III HR 81-+2,7 84-+5.2 89-+6.3 86-+7.99 88~6.0 ~'6 92+4.9 ~' 88-+3.8 
MAP 93~3,1 95-+4.8 105-+6,9 109~5.5 99-+3.2 98+4.8 95-+3.5 
CORT 1Lg-+ 1,8 18.0"z- 3. z- 16.0• 21.8+2.9 * 35.1+-3.3 ~ 43,6• 3.8'  46,9-+3.3* 
EP1 286,8-+67,7 146,0-+57.1 138.1-+63.5 251,6§ 172.4• 184,3+33.8 120.5-+309 
NE 360,8-+108.6 277.0-+47.5 327.4-+75.8 475 7• 408.2• 1205 397,0--.70.5 2825-+65.8 

IV HR 82-+3.4 84• 101--3,4 *5 89-+6.0 83• s '~ '  89• <' 86--+-3.4 
MAP 91-+4.2 96+-4.1 116---4.5" 97• 95-+4.4 93-+3.7 95+4.8 
COR]" 9,9-+ 2A 14.1 -+2.2 14.5-+2.3 23.0• 1.0" 27.4-+2.8* 3Z2 • 3,2'  31,9-'-2.4' 
EPI 45.0-+17.1 43 .2 :9 .9  44.0~ 10.4 59.7_+29.4 63.8-+ 32A 104,4+-33.7 1400-+45.0 
NE 355.6+99.4 222,8~54.1 316.8-+114.0 262.5---46.4 382.4• 332.2-'-49.9 399.5"-146.5 

V HR 79-+3.7 74--.4.8 79---8.1" 73-+ 3,42 68+3.6 *~-'~ 78-+4.3 81-+4.4 
MAP 91-+3.5 98-+4.1 104---7.8 104-+5.1 106---4.2" 101-+4.5 94--4.2 
CORT 11.7-+1.8 10.9--,2.0 10.8--2.3 14.7-+2.6 22.1+3.2" 34.6-+3.7 * 29,7--2.4* 
EPI 129.5• 48.2-+ 14.5 78,5-+29,3 165.0• 128,4z 40.3 188.8• 148.4---79.8 
NE 205.5-+562 7 6 8 4 + 6 4 6  163,6---205 ~' 297.2--573 263.5"56.5 338.4• 275.0---93,7 

VI HR 79*-2,2 81--.3.8 85-+4.2 76-" 4.3 ~ 67-+ 2.6 *~-4 75• ~-'~ 80-- 2.1 
MAP 95• 97+5.1 103+7.1 112-+7.9 109+4.12 100+3.1 98---2.9 
CORT 12,0--1.0 14.8-+2,3 12,4---1.9 14 .7+--1 .5  25.2• ~ 34.1+10.2 * 33.4-'-4.6 :~ 
EPI 220 ,0"487  119.1-+24.2 130,6--352 207.1"-96.0 105.6-'21,3 107.5-+27.1 232.0--20.9 
NE 344.0• 406.2-+50.7 372,6-+70,7 ~ 268.7-+50.2 348,1=70.0 452.0+-112,1 36[.0• 

see Table I for Group identification. HR = heart rate (beats per minute); MAP = mean arterial pressure 0nmHg); CORT = r 
(Bg'dl-~); EPI atad NE = epinephrine and norephrine, (pg'ml-~), * = p < 0.05 compared with baseline values within the same 
group, ~-3 etc, p < 0.05 compared with corresponding stages of Groups 1.11. Ill etc. 

Such  an  inc rease  in H R  did not  o c c u r  in the three 

o ther  g r o u p s  w h i c h  r ece ived  i sofl tJrane ( G r o u p  I, I l l  

and  IV).  The  m o d e r a t e  t a c h y c a r d i a  o b s e r v e d  d u r i n g  

s u r g e r y  in G r o u p  11 pa t ien ts  c o u l d  be  re la ted  to a 

d e e p e r  dep re s s ion  o f  vaga l  ac t iv i ty  c o m p a r e d  wi th  

the dep re s s ion  o f  s y m p a t h e t i c  ac t iv i ty .  29 l sof lurane  

and  n i t rous  o x i d e  (0 .65  M A C  each)  a lone  o r  in 

c o n j u n c t i o n  wi th  l o w  dose  f en t any l  or l idoca ine  

p rov ided  s table  c a rd i ac  r h y t h m  and  b l o o d  p re s su re  

d u r i n g  the su rg ica l  p r o c e d u r e  ( G r o u p s  I, I11 and  

IV). The  c o m b i n a t i o n  o f  i so f lu rane  wi th  a smal l  

dose  o f  f en tany l  ( G r o u p  llI)  w a s  not  a c c o m p a n i e d  

b y  a d e c r e a s e  in b l o o d  p re s su re .  S u c h  a dec rease  

was  o b s e r v e d  w h e n  smal l  d o s e s  o f  f en tany l  were  

used wi th  h a l o t h a n e ,  3~ 

Pat ients  r ece iv ing  d i f fe ren t  doses  o f  fen tany l  

( G r o u p s  V a n d  VI) ,  e x p e r i e n c e d  a m o d e r a t e  de-  

c rease  in H R  d u r i n g  s u r g e r y  (one  h o u r  a f t e r  skin  

inc i s ion)  c o m p a r e d  with base l ine  va lues  a n d  va lues  

o b s e r v e d  d u r i n g  c o r r e s p o n d i n g  s tage  in the o t h e r  

four  g roups .  T h e s e  c h a n g e s  were  m i n o r  and  did not  

p resen t  a n y  p r o b l e m s  to a n y  o f  the pa t ien ts ,  O n  the 

c o n t r a r y ,  these  a l t e ra t ions  m a y  c o n f e r  an  a d v a n t a g e  

to pa t i en t s  wi th  i s c h a e m i c  hear l  d i sease :  an  increase  
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T A B L E  V T i m e  (min) o f  extubation and first usage of 
analgesics (Mean + SE) 

Groups Time of extubation TOne of 1st usage ~f analgesics 

I t7 -+ 5.42"6 67 + 13.5 ~~ 

l[  53 - 20.1 ~'~ 120 -+ 25 ,0  ~ 

III 21 - 10.96 57 - 22.7  s'b 

IV 52 + 25 .6  81 + 26.56 

V 32 "2 16.56 175 -+ 58 .4  ~'3 

VI 161 -+ 6 7 . 9  ~-a'5 326 --- 56.5  ~ 4 

See Table  1 for Group identification. ~,2,3 etc. = p < 0 .05  

different from Groups I, 1I, 111 etc,  respectively (analysis 

of variance), 

in time of diastole would improve myocardial blood 
supply. 

Hormonal Changes 
Statistically significant increases in both epine- 
phrine and norepinephrine concentrations were 
observed during the immediate postoperative 
period in Group 1 patients only (Table IV). This 
might mean that anaesthetic techniques employed 
in the remaining five groups modified the catechol- 
amine response to surgical stress. Cateeholamine 
release during laparotomy was prevented with more 
than 10 ~g'kg -1 of fentanyl 1<Is but was not 
blocked by 5 p,g.kg- 1 of fentanyl, 16 Our data have 
confirmed the,~e observations and, moreover, have 
shown that a loading dose of fentanyl larger than 7.5 
~g,kg-t  (in conjunction with nitrous oxide) is also 
able to modify sympatho-adrena] response to lapa- 
rotomy. The same seems to be true for some other 
anaesthetic techniques used in the study: deep 
isoflurane anaesthesia and/or supplementation of 
isoflurane (0.65 MAC) with nitrous oxide and small 
doses of fentanyl (2 I, zg'kg i) or infusion of 
lidocaine (30 txg.kg- t. min-t). 

Baseline values of plasma epinephrine in our 
patients were somewhat increased when compared 

31 32 r with other reports. ' This was probabl 3 related to 
the psychological stress response to upcoming 
surgery and/or to venipuncture used for the collec- 
tion of the first blood sample (all following samples 
were taken through indwelling eannulas). Well 
known diurnal variation in cortisol and catechol- 
amine concentrations may have contributed to the 
large variability in the values observed throughout 
the perioperative course. 

Cortisol level was increased during surgery in all 
patients regardless of the anaesthetic technique 

employed. This increase was greater during the 
immediate postoperative period than during the 
surgical procedure. Some authors have noted that it 
is somewhat easier to block the release of catechol- 
amines than cortisol during surgery. 33 

Clinical Course 
By chance, the random assignment process led to no 
male patients in Group IV. However, there was not 
a statistically significant difference in the percent- 
age of males between groups, and we do not believe 
that the absence of males in this group influenced 
the results of the study. 

Both featanyl and lidocaine have been shown to 
decrease MAC requirements (move response to 
skin incision) of inhalational agents, io- t2.3~ They 
did not, however, reduce isoflurane requirements to 
control MAP, HR or affect cortisol release (Table 
IV). 

The earliest awakening and extubation occurred 
in Groups I, III and V, while this time was 
substantially prolonged in Group VI patients who 
received relatively high doses of fentawI (15 
!.tg'kg-1). Patients who received fentanyl (Groups 
V and VI) did not require postoperative analgesia 
for a much longer period of time than patients who 
received isoflurane anaesthesia alone or in any 
employed combination. These results are not sur- 
prising and can be considered as small and probably 
unimportant advantages or disadvantages of one 
technique over another. However, it is interesting to 
note that small doses of fentanyl (7.5 i~g.kg --~ 
Group V) allowed early awakening and extubation, 
and still provided a longer postoperative analgesia 
than isoflurane. Doubling the dose of fentanyl was 
not accompanied by any benefits and, on the 
contrary, led to undesirable postoperative respira- 
tory depression The study illustrates that stable 
haemodynamics and satisfactory clinical course of 
anaesthesia can be provided by titration of anaes- 
thetic or a combination of several agents; the 
agent(s) per se might play a secondary role. 

In conclusion, isoflurane anaesthesia, 0.65 MAC 
(in conjunction with 66 per cent nitrous oxide), 
alone or in combination with small doses of fentanyl 
(2 i~g-kg-t), or lidoczine (30 ~g-kg-t .min-t) ,  as 
well as fentanyl in doses of 7.5 and 15 I~g'kg - i (in 
conjunction with nitrous oxide), assured a stable 
and steady haemodynamic course of anaesthesia 
during upper abdominal surgery. Deeper isoflurane 
anaesthesia (more than 1 MAC in conjunction with 
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nitrous oxide) did not have any advantages over the 
other techniques employed. The larger dose of 
fentanyl (15 p.g'kg i) did not have any advantages 
over a smaller dose (7.5 ;xg,kg-~); however,  it did 
cause a substantial delay in awakening and extuba- 

tion. 
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R6sum6 
Cette (tude compare le degr~ de protectiotl contre le 

stress chirurgical apportg par diverses approches aJtes- 

th~siques. Sol.route patients r~partis en six groupes de dix 

ant dt~ dtudiL~ au cottrs de laparotomie. Les teehniques 

aneslhdsiques ant ~td les ~uivantes: Groupe I: protoxvde 

d'azote 0.65 MAC (66 pour cent du mdlange inspird) et 

isoflurane O. 65 MA C (0.75 pour cent en fin d'expiration ). 

Groupe H: protoxyde d' azote 0.65 MAC et isofluratte 

1-1.2 MAC (1.2 fi 1.4 pour cent en fin d'explration). 

Groupe III: les m~mes cwncentratious que le groupe I 

avec addition de fentanyl (2 fzg.kg - t  ) at'ant I' incision tie 

Ia peau et le huiti~me de cette dose atct" 15 m#uttes dltrant 

la chirurgie. 

Groupe IV: m~me concentration inspirde ql~e pour les 

patients du groupe I avec h~'usion additionnelle de 

lidocahJe (30 Izg.kg-thnimue). 

Groupes V e t  VI: proto.~'de d'azote 0.65 MAC et 

fentar 7.5 et 15 i~g.kg t respeetivement avant l'inci- 

sion de la peau et ensuite le huitiOne de ces doses initiales 

aux 15 minutes duranr l'intervention, 5 mg i.v. tie 
diazdpam a did administr~. 6 routes les henres duraat 

l'op[ration afin d'emp~cher la prise de conscience 

perop~ratoire. 
Les concentrations de cortisol ant ~tg mesurdes par ta 

m~thode de titrage radio-immunologiqne etles eatdcllol- 

amines par chromotographie en phase gazeuse stir des 

~chantillons tie sang pris nt~a" diffErentes ~tapes de 

l'~tude. Pottr tous les  groupes, la tect, uiqne choisie 

a maintenu une stabilit~ h~mo~,namique sati~faisattte 

durant ta chirurgie. Seals les patients du groupe I ant 

montrd une 4(~vation statistiquement signifieative des 
concentrations d'4pindphrine et de nordpindphrine t] ta 
p&iode post-op&atoire bnmddiate (deux 1retires aprg's la 

fin de l'intervention). La stabilitd hdmodynamique s'ext 

maintenae malgr~ t'aagmentation du cortisof qtd a 
dout~16 ou m~me tripl~ pendant l" irTtervention et durn nt let 
pdriode post-op&atoire immddiare. Les associations 
d'isoflurane 1 MAC avec protoxyde d'azote (groupe II) et 

isoflurane I MAC, proto.rvde d'azote et fentanyl en dose 
d'amorce de 15 ;xg.kg -~ (groupe VI) ne semblem pus 

prdsenter d'avantages sur les attires teOmiques em- 

ploydes et ant contribud fi retarder le rdveit et le nroment 

de l'extubation. 


