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Systemic haemodynamic 
and metabolic effects of 
deliberate hypotension 
with isoflurane anaes- 
thesia or sodium nitro- 
prusside during total 
hip arthroplasty 

lsoflurane (ISO) was examined as an alternative hypotensive 
agent to nitroprusside (SNP) in 16 patients (mean age: 60 
years) anaesthetized for total hip arthroplas~. MAP was de- 

creased to 50 per cent of the awake level by infusion of SNP in 
Group ! (n = 8) and with ISO in Group 11 (n = 8). Fentanyl 
(lO-161xg.kg -t)  was administered to both groups. Haemo- 

dynamic measurements were repeated in the lateral position 
beJbre, during and after hypotension. Polygeline and fresh 
frozen plasma were infused throughout the study period in 
volumes sufficient to maintain pulmonary capiHar 3, wedge pres- 
sure in the 7-9 mmHg range. The MAP decrease was the same 
in both groaps, as were perioperalive brood replacement (mean 
500 mlj, and postoperative haematocrits. Total perioperative 
fluid replacement was higher (p < 0.01) in Group I (mean 
2500 ml) than in Group H (mean 1300 rot). Venous tone was 

more affected by SNP than by [SO. 1S0 decreased the s~,stemic 
vascular resistance index and oxygen consumption (~'Oe) with- 
out any change in Ct or in Os/Qt, in contrast to SNP which 
increased CI, (/Oz and Qs/Qt. 
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During total hip arthroplasty, blood loss can be decreased 
by employing hypotension.t'2 The choice of the hypo- 
tensive agent remains controversial. Sodium nitroprus- 
side (SNP) is the pharmacological agent of reference) 
Its side effects: (i) potential toxicity, 4 (ii) rebound hyper- 
tension during withdrawal, ~ (iii) reflex increase of the 
sympathetic 6 and renin-angiotensin activity, 7 and (iv) 
impairment of pulmonary gas exchange, s encourage re- 
search on other controlled hypotension protocols. 

Fluorinated volatile anaesthetic agents may provide a 
useful alternative. 9 The mechanism underlying the de- 
crease in arterial pressure is different with each agent: 
depression of myocardial contractility is important with 
halothane and enflurane. The decrease in systemic vascu- 
lar resistance is important with isoflurane, moderate with 
enflurane and only minimal with halothane. Z~ Although 
depressed myocardial contractility has been shown with 
isoflurane in vitro, t , - ~  in vivo studies have not shown a 
decrease in cardiac output. ]4_~7 While there are reports 
of the use o[ isoflurane-induced hypotension ~s-2~ there 
are few clinical comparisons with SNP. ~ 

The purpose of this study was to evaluate the haemo- 
dynamic and metabolic effects of isoflurane during hypo- 
tensive anaesthesia for total hip arthroplasty, compared 
with a technique using SNP. 

Methods 
The study was approved by the Committee on Ethics of 
our University Hospital. After giving their informed con- 
sent, 16 patients (ten women, sin men) underwent total 
hip arthroplasty (Chamley Kerboull hip prosthesis) under 
general anaesthesia with similar surgical conditions. The 
medullary cavity was plugged by a plastic plug. A plastic 
catheter was used to vent blood, air and fat. The cement 
(orthopaedic bone cement powder type I CMW Labora- 
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tories) was forced into the medullary cavity of the femur 
using the pulp of a thumb as a piston, 3-4 rain after 
adding the liquid to the powder. The prosthesis was 
pushed into the cement and forced down. 

Mean age was 60 (range 41- /7) .  Six patients had a 
history of moderate essential hypertension either treated 
(alpha-methyldopa: five, thiazide diuretic: three) or un- 
treated. Patients with ischaemic cerebral vascular dis- 
ease, ischaemic myocardial disease or severe systemic 
hypertension were excluded from the study. 

Heart rate was monitored by a Vs ECG lead. An 
indwelling teflon cannula was inserted into a radial artery 
for systolic (SAP) and diastolic blood pressure (DAP) 
measurement. A 7-F triple lumen thermodilution cathe- 
ter was inserted via the right internal jugular vein to 
measure the right atrial pressure (RAP), systolic (SPAP), 
and diastolic (DPAP) pulmonary arterial pressures, pul- 
monary capillary wedge pressure (PCWP) and cardiac 
output (CO) (iced injectate in triplicate). HR and pressures 
were recorded simultaneously on a polygraph (Mingo- 
graf 803 Siemens Elema). POx, PCO2, pH, (ABL 30 
Acid-base analyzer, Radiometer), SO2 and haemoglobin 
concentration (OSM2 Hemoximeter, Radiometer) were 
measured in arterial blood and in mixed venous blood. 
Derived values: mean arterial pressure: MAP, cardiac 
index: CI, stroke index: SI, systemic vascular resistance 
index: SVRI, pulmonary vascular resistance index: PVRI, 
oxygen content, oxygen consumption (VO2), and intra- 
pulmonary shunt (Qs/()t) were computed according to 
standard formulae. 22 

Protocol 
The patients were randomly assigned to one of two 
groups. 

GROUP 1 SNP--FENTANYL 

After premedication (diazepam 15 mg PO) anaesthesia 
was induced with thiopentone (Smg-kg- t ) ,  fentanyl 
(5 ~g ' kg -  I) and pancuronium (0. I rag' k g  t). After tra- 
cheal intubation, the patients were mechanically venti- 
lated using a non-rebreathing circuit and IPPV. They 
received an O21N20 mixture with FIt2 of 0.5. End tidal 
CO2 was monitored with a capnometer (Hewlett Packard 
47210A) and initial settings were modified in order to 
maintain PaCt2 between 4.2 and 5.2 kPa (32-40mmHg), 
with a respiratory rate of 16/minute and an 1/E ratio of 
112. Supplementary doses of fentanyl and pancuronium 
were given during the operation. SNP was infused (con- 
centration 200 rag' L-  l) through a teflon antecubital can- 
nula used only for this purpose. Infusion was started with 
the skin incision, regulated from 1-6 I.Lg- kg-  t. min- J to 
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achieve the desired hypotension, and discontinued five 
minutes after placement of the second bone cement. 

GROUP [I ISOFLURANE--FENTANYL 

The protocol was identical except that the SNP was re- 
placed by isoflurane. Isoflurane four per cent (vaporizer 
setting, Isoflurane Vapor 19.3 Drager) was started before 
the skin incision, then the concentration was quickly 
decreased and modified in response to blood pressure. 
Isoflurane was discontinued five minutes after placement 
of the second bone cement. The isoflurane end-tidal con- 
centration was monitored by a Normac Datex analyzer. 

Arterial blood pressure was measured prior to general 
anaesthesia in order to determine the desired level of 
hypotension. The aim was to reach a moderate level of 
hypotension, equal to 50 per cent of the MAP of the 
awake patient, without going below 50 mmHg. Haemo- 
dynamic data and blood samples were collected during 
stable anaesthesia with the patients in the lateral posi- 
tion, before hypotension, during hypotension (15 rain 
after the onset of hypotension, 5 min before the first 
cement, 5min after the second cement), and after hypo- 
tension during skin closure (mean 40 rain after insertion 
of the second cement). Fluid replacement was with col- 
loids (polygeline) and fresh frozen plasma (FFP), in 
order to maintain PCWP between 7 and 9 mmHg. The 
goal was to maintain a constant ventricular preload in 
both groups to avoid deleterious consequences of a sub- 
stantial degree of venodilation. Blood replacement (red 
blood cells) was done when blond loss exceeded 300 ml. 
Operative blood loss was assessed during the operation 
by weighing sponges, measuring suction drainage and 
estimating the amount of blood in the area of the wound, 
and after the operation by measuring blood collected 
from the wound drainage. 

Results are expressed as mean -* SD. lntragroup com- 
parisons over time were determined by analysis of vari- 
ance for repeated measures, followed when indicated, by 
paired t-test with Bonferroni corrections, intergroup com- 
parisons were made by analysis of variance where the 
two factors were treatment (SNP-fentanyl or isoflurane- 
fentanyl) and time (before, during and after hypotension). 
When variance was significant a modified Student's t test 
was used to locate the difference. Significance was as- 
sumed when p < 0.05. 

Resulls 
Summary data for the two groups are presented in Table 
I. There were no significant haemodynamic differences 
between the groups prior to general anaesthesia. There 
were no complications during or after the study. MAP 
changes during the study are shown in Table 1I. In both 
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TABLE 1 Demographic information and baemodynarnic data before 
anaesthesia (Mean • SD) 

Nitroprusside- Isoflurane. 
fentanyl fentanyl 
(n = 8) (n - 8) 

Age (years) 62 (48-77) 57 (41-75) 
Weight (l~g) 63 (50-85) 60 (45-82) 
Sex 5F: 3M 5F; 3M 
Essential hypertension 3 3 
HR (beats.mix -t ) 76 --- 9 77 --- 10 
PCWP (mmHg) 5.9 --- 1 9 6.2 --. 2.4 
CI (L' rain-J, m -2) 3.45 --- 0.62 3.39 + 0.55 
S[ (ml,beat- l .m -2) 45.4 --- 10.3 44.1 + 11.2 
SVRI (dyn" s 'cm -s '  m -2) 2500 • 482 2452 + 357 
Hypotcnsion duration (rain) 90 --- 18 85 -+ 25 

Total fent~yl dose (wg.kg -I)  
- at incision 10.3 - 2.1 9.6 -+ 1.g 
- before 1st cement 17.1 --- 3.1 15.9"r 4.1 

Operative blood losses (ml) 
- dunng operation 330 -+ I 00  310 -r 100 
- after operation 530 --- 300 510 -- 260 
- total 860 = 320 820 -- 280 

Total fluid replacement (ml) 
- red blood ceils 550 ~ 400 500 -- 350 
- fresh frozen plasma 700 - 100 300 -- 100 ~' 
- polygeiine 1250 ~ 400 500 - 100" 

* p <  0 . O l  v s  nitroprussid~. 
Abbreviations: HR, heart rate; PCWP, pulmonary capillary wedge 
pressure; CI, cardiac index; SI, stroke index; SVRI, systemic vascular 
resistance index. 

groups the s a m e  decrease  in M A P  was  ach ieved  f rom 

induction o f  anaes thes ia  and pos i t ion ing  o f  the pat ients  

in the lateral posit ion. There  were  no dif ferences  be tween  

the groups  dur ing  hypotens ion .  The  dec rease  in M A P  

had a s imi lar  e f fec t  in both g roups  on the opera t ive  blood 

loss (Table l).  T h e  pos topera t ive  haematocr i t s  were  re- 

spect ively 36.1 - 1.9 and 36 .6  _+ 5 .4  (NS) .  Fluid 

replacement  (colloids,  F F P  and red blood cells) ,  how-  

+ TABLE It Mean "arterial pressure (Malta - SD) 

Nitroprusside- lsoflurane- 
J~manet fentanyl 
( ,  = 8) Ot = 8) 

Awake in the supine position 113 = 15 109 "r 13 
Anaesthetized in the lateral position 82 -+ 11 89 "r 15 
Hypotension + 15 rain 58 --- 9~ 62 • 77 
Hypotenslon 5 mix before I st cement 63 = 9* 53 • 4~/ 
Hypotension 5 rain after 2nd cement 72 ~ 16 58 • 91" 
Skin closure 118 --- 13f 87 - 1 lw 

Within group variations: us anaesthetized ill the lateral position: *p < 
0.05; t p  < 0.01; :[:p < 0.1301. 
Between group variations: w < 0.01 vs nitropmsside. 
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FIGURE Arterio-venous O: difference (CaOz-C~,O2), oxygen con- 
sumpUon 0~rO2), cardiac index (CI) and inirapulmenary shunt (Q.~/Qt) 
in Group 1 �9 (nitroprusside-fentanyl) and in Group tI O (isoflurane- 
fentanyl) in the ]ater, d position before hypoleus[on (C), and during 
hypotension 15 minutes after it was started (TI), 5 minutes before first 
cement ('I"2) and 5 minutes after the second cement (T3). Mean value 
• SD; when compared with control values in the lateral position 
before hypotension (C): *p < 0.C5; **p < 0.01. 

ever,  was  s ignif icant ly  m o r e  (p < 0 .01)  in the S N P -  

fentanyl  g roup  (2500 --- 900 ml)  as  c o m p a r e d  to the iso- 

f lu rane- fen tanyl  g roup  (I  300 -'- 500  ml) .  The  isof lurane 

end-tidal main tenance  concent ra t ion  was  0 .6  --- 0 .2  e e l %  

and the  total a m o u n t  of  isof lurane needed  w a s  0 .37 _.* 

0 .14 m].  k g -  1. h -  I. Blood p res su re  s tar ted to rise i m m e -  

diately af ter  the S N P  infusion was  s topped and  rebound 

hyper tension occurred ,  as c o m p a r e d  to va lues  wi th  the 

patient in the lateral posi t ion be fore  hypotens ion  (p < 

0.01; Table I). Blood  pressure  started to r ise  8 to 1 0 m i x  

'after isoflurane was s topped,  r each ing  its p rehypotens ive  

level wi thout  rebound.  

With in  g r o u p  var ia t ions  

The changes  in h a e m o d y n a m i c  and metabol ic  data  dur-  

ing hypotension are s h o w n  in Table  111 and in the F igure .  

With S N P - f e n t a n y l ,  S V R I  (p < 0 .01)  and PaO~ (p < 

0.05) were  signif icantly decreased ,  CI,  Qs ]Qt  (p < 0 ,05) ,  

and VO2 (p < 0 .01)  were  s igni f icant ly  increased .  Wi th  

isoflurane S V R I  (p < 0 .01)  and VO2 (p < 0 .05)  were  
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TABLE III Data summary during sodium nitroprusside-feutanyl hypotension (Group 1) and isoflurane-fentanyl hypotensien (Group II) 
(Mean • SD) 

i'lyl~oter~sion Hypotension 
Lateral Hypotension 5• before 5 • after 

Group posit~on + 15 • I sr cement 2nd cement Significance 

HR SNP 70-- 9 73 - 10 81 - 18 75 - 15 NS 
(b,eals. •  ~ ) ISO 75 -- 12 71 ")- I I 75 ")- l 2 68 "- 9 NS 

RAP SNP 4_9 ~- 2.7 4.7 _+ 3. I 4_0 -)- 4.5 5.3 - 4.7 NS 
(mml-Ig) ISO 3.5 -~ 2.6 4.2 • 3.6 3.7 --.+ 2.7 4.4 - 2.3 NS 

MPAP SNP 16.3 = 4.5 15.0 ")" 3.5 la.7 - 3.8 19.8 - 3. I:C NS 
(mrnFlg) ISO 14.1 -- 2.9 13.5 • 2.6 13.'2 • 2.5 16.0 • 2.7 NS 

PCWP SNP 8.5 --- 3.0 8.0 • 4.6 8.1 + 3.6 8.9 + 4.3 NS 
(mmHg) ISO 7.4 • 3.4 6.5 • 4.2 7.6 - 3.8 7.2 • 2.7 NS 

Ci $NP 2.40-.+ 0.60 3.20+0.88 * 3.49 + 1.18'-- 3.13 +0.85~: <0.05 
(L'min -t  .m -z) ISO 2.59 -.+ 0.49 2.48 -+- 0.46 2.37 --- 0.76 2.14 - 0.62 NS 

SI SNP 34 "- 7 44 --+- 9 42 - 18 42 • 12~. NS 
(rel.beat-t .m -2) ISO 36 • I0 36 -)- l0 32 -- 10 31 "*- 6 NS 

SVRI SNP 2570 • 535 1335 • 380"~ '-" 1380 "- ~.65"* 1706 --. 250* <0.01 
(dyn "s'cm-5-m -z) ISO 2740 • 712 1911 - 354* 1850 • 505I" 2132 • 633 <0.01 

PVRI SNP 260 + 80 175 -+ 82 155 + 53 278 -+ 92 NS 
(dyn's'cm-~-m -2) ISO 218 -+ 61 213 - 88 188 • 32 325 • 93t <0.01 

pH SNP 7.41 -+ 0.03 7.42 --. 0.03 7.42 - 0.03 7.41 -)- 0.04 NS 
ISO 7.40 + 0.04 7.41 + 0.06 7.40 + 0.03 7.39 + 0.04 NS 

Pace2 SNP 5.0 --- 0.2 5.0 - 0,3 5.1 +- 0.3 5, l z 0.3 NS 
(kPa) ISO 5.0 - 0.2 4.8 - 0.3 4.9 - 0.3 4,9 • 0.3 NS 

Pa02 SNP 24.5 • 4.5 :20. t • 4.5 17.9 -+ 4.3"~t 18.9 --- 4.8*:[: <0.05 
(kPa) ISO 23.9 -)" 5.7 24.4 - 6.4 25.9 • 5.5 25.8 --- 5.4 NS 

Within group variations: vs lateral position *p < 0.05; tp < 0.01. 
Between group variations: vs Group lI :~p < 0.05. 
Abbreviations: See Table I RAP, right atrial pressure; MPAP, mean pulmonary ~e ry  pressure; PVRI, pulmonary vascular resistance index. 

s ignif icant ly dec reased  wi thout  any  change  in CI ,  (~s/Qt,  

pH,  P a C e 2  and PaO2.  

Between  group  compar isons  

The two groups ,  wh ich  were  h a e m o d y n a m i c a l l y  identi-  

cal before  hypo tens ion ,  b e h a v e d  d i f ferent ly  dur ing  hypo- 

tension: CI ,  VO2 and Qs/(~t  w e r e  sma l l e r  in the isoflur- 

an e - f en t any l  g roup  be fo re  the first c e m e m  (p < 0 .05)  

and af ter  the second  c e m e n t  (p < 0 .05) ;  S V R I  was  

h igher  in the i so f lu r ane - f en t any l  g roup  15 minu te s  af ter  

the hypotens ion  onse t  (p < 0 .05)  and  be fore  the first 

cement  (p < 0.05);  SI  w a s  less in the i so f lu rane - fen tany l  

group af ter  the second  c e m e n t  (p < 0 .05) ;  PaO2 w a s  
reduced in the S N P - f e n t a n y l  g roup  before  the first c emen t  

(p < 0~05) and af ter  the second  c e m e n t  (p < 0 .05) .  

Discussion 
An at tempt  was  m a d e  to control  left  ventr icular  fi l l ing 

pressures by infusing fluid to maintain P C W P .  The  haemo-  

d y n ami c  respDnse to the admin i s t ra t ion  of  S N P  repre-  

sents a combina t ion  o f  venous  pool ing  and reduced  arte- 

rial impedance .  23 In pat ients  wi th  a normal  or  near ly  

normal  left ventr ic le  the further  decrease  in P C W P  dur ing  

hypotension in the absence  o f  fluid load ing  will  have  a 

more  profound effect  on cardiac  output  than the concomi -  

tant reduction o f  impedance  l ead ing  to a fall in card iac  

output, Fur thermore ,  as s u g g e s t e d  by Khamba t t a  et el .  s 

the increase in pu lmonary  deadspace  m a y  be m i n i m i z e d  

by  the main tenance  o f  filling pressures  and cardiac  out-  

put. In the absence  o f  such a fluid r ep lacement  protocol 

and controlled P C W P ,  the obse rved  changes  in cardio-  

vascular  funct ion m a y  have  been d i f fe ren t  so that the 

results o f  our  exper imen t  are appl icable  only to the exac t  

exper imental  c i rcumstance  we  e m p l o y e d .  

tsoflurane al lowed us to reach quickly  the desi red level 

o f  hypotension.  A main tenance  inspired concentra t ion  o f  

1 • 0 .2  per  cent  ( accord ing  to vapor i ze r  se t t ing)  was  

enough to mainta in  the des i red  hypn tens ion  level  i f  fen-  

tanyl doses were  impor tan t  (10 ~ g .  k g -  t on skin incision;  

16 v .g .kg  - l  on c e m e n t  inser t ion) .  D u r i n g  painful  t imes  
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of surgery - e.g,, osteotomy of the greater trochanter, 
bone drilling and cement insertion increased anaesthetic 
concentrations (0.5-1 per cent) were necessary for a 
short period of time. The use of fentanyl did not alleviate 
the hae.modynamic changes occurring with cement inser- 
tion (systemic and pulmonary vasoconstriction). After 
isoflurane was stopped there was no hypertensive re- 
bound. Therefore isoflurane was as potent, precise and 
easy to control as was SNP for the induction of deliberate 
hypotension, lsoflurane provided stable and reproducible 
hypotension without the tachyphylaxis or rebound hyper- 
tension seen with SNP. 

Hypoiension with isoflurane was the ~esult of systemic 
vasodilatation, mainly on the arterial side; in order to 
maintain PCWP between 7 and 9 mmHg, fluid replace- 
menl was more important in the SNP-fentanyl group. 
This can be explained by the different sites of action of 
isoflurane and SNP on the vascular bed: mostly arterial 
vasodilatation with isoflurane and both arterial and venous 
vasodilalation with SNP. With SNP, CI and VO2 in- 
creased, whereas with isoflurane, CI, SI and HR were 
stable and ~-Oz decreased when compared to prehypo- 
tension levels in the anaesthetized patients. These are 
arguments for the good tolerance of the cardiovascular 
system for isoflurane, with respect to cardiac output and 
tissue perfusion. Controlled depression of haemodynam- 
ics and with it reduced VO~ was accomplished with 
isoflurane in contrast to SNP which led to unnecessary 
increases in CI and ~'O2- Furthermore, there was a lack 
of variation of pulmonary arterial pressures and pulmo- 
nary vascular resistance, as shown by Klide 24 and Moffit 
et al. 2~ Finally, the intrapulmonary shunt fraction re- 
mained unchanged, as reported by Nicholas and Lam, 26 
in contrast to what is seen with SNP. s'2~ 

The same dose of fentanyl was adminislered to both 
groups and may explain the lack of baroreflex-mediated 
tachycardia, due to increased parasympathetic tone~ With 
the same level of hypotension and with the same HR, 
isoflurane and fentanyl were associated with a smaller 
decrease in SVRI and a smaller CI than SNP and fentanyl. 
However, the fentanyl doses of 10-16 p,g'kg -1 may not 
be enough to eliminate awareness during surgical prnce- 
dure in all patients receiving a 50 per cent N20-O2 
mixture and to exclude sympathetic stimulation during 
painful stimuli. Thus sympathetic stimulation due to 
light anaesthesia and to pain may explain the higher CI in 
the SNP-fentanyl group than in the isoflurane-fentanyl 
group. The combined use of isnflurane and fentanyl 
appears to produce more myocardial depression than the 
combined use of SNP and fentanyl. On the other hand, 
although the haemodynamic and plasma catecholamine 
responses to surgical stimulation are unmodified when 
fentanyl is added at low doses of 2 i.~g'kg-J, 27 perhaps 

our administration of 10-16 I~g' kg- t of fentany[ blunted 
the hormonal stress response to surgery which can coun- 
teract the negative inotropic effect of isoflurane. This 
should be kept in mind especially when painful surgical 
stimuli occur, because the use of fentanyl may decrease 
or eliminate several reflex phenomena, which may ex- 
plain the relative myocardial tolerance of isoflurane. How- 
ever, despite its depressant effect on pumping function, 
isoflurane may be useful as an alternative hypotensive 
agent to SNP for several reasons: safety margin in terms 
of cardiac output, absence of impairment of pulmonary 
gas exchange, and decrease in whole body oxygen con- 
sumption. In addition isoflurane exhibits a brain protec- 
tive effect, due to a decrease of cerebral metabolism. 2s'29 

In summary, isoflurane is a good alternative to sodium 
nitroprusside. It is easy to use, efficient in producing a 
level of moderate hypotension and a decreased blood 
loss for total hip arthroplasty. The change in cardiac 
output is acceptable, despite a significant decrease in 
blood pressure. It is possible that the interaction with 
fentanyl (10-16 o.g.kg-~), impedes cardiac pump func- 
tion adaptability during some painful surgical stimuli. 
The optimal nature and dose of the analgesic used with 
isoflurane, as well as the magnitude of the hormonal 
response to pain, have yet to be defined in order to find 
the best combination. 
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R4sum~ 
IS isoflarane (ISO) a ~t~ confrontal au nitraprussiate de sodium 
(NPS) comme agent d'h?epotension contr6l~e chez 16 patients 
(~ge moyen 60 ans) endormis pour remplacement proth~tique 
de hanche. La presslon art~rielte moyenne (PAM) a ~t~ r~duite 
d 50 pour cent de sa valeur ehez le sujet ~veill~ par perfusion 
de NPS clans le groupe l (n = 8) et par inhalation d'lSO dans 
ee groupe H (n = 8). Tousles patients ant regn du fentanyt 
(10-16 I~g "k~- 1). Les mesures h~modynamiques ant dtd rda- 
iis~es en d~eubitus lateral avant, pendant et apr~s hypotension. 

Une expansion vol~mique par g~latine et plasma frais congel~ 
a ~t~ conduite pendant l'~tude pour maintenir In pression 
eapfflaire pulmonaire entre 7 et 9 ramHg. La baisse de PAM a 

~t~ la ra~me duns les deux groupes de m~.me que les volumes 
sanguins transfusgs (500 rrd en moyenne pour la pdriode p(rio- 
peratoire) et les hdmatocrites postop~ratoires. L'expansion 

vol(mique p(riop(ratoire gfobale a (t~ plus glev(e (p < 0.0t) 
clans le groupe [ (2500 ml en moyenne) que duns le groupe II 

(1300 ml en moyenne). Le secteur capacitif a ( t(  plus touchd 
par le NPS que par 1'1S0. L'ISO a diminu~ tes r6sistances 

va~culaires syst~miques et la consomraation d'oxygdne (~'02) 
sans modification de 1 'index cardiaque (IC) et du shunt intra- 
pulmonaire (QstQt), contrairemem au SNP qui a augmemd IC, 


