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Abstract Objective: The aim of  
this study was to determine whether 
the increase in post-operative oxy- 

g e n  consumption (AVO2) in cardiac 
surgery patients is related to en- 
dotoxemia and subsequent cytokine 
release and whether AVOz can be 
used as a parameter  of  post-perfu- 
sion syndrome. 
Design." Prospective study. 
Setting: Operating room and inten- 
sive care unit of  a university hospi- 
tal. 
Patients." Twenty-one consecutive 
male patients undergoing elective 
coronary artery bypass surgery 
without major  organ dysfunction 
and not receiving corticosteroids. 
Measurements and results: Plasma 
levels of  endotoxin, tumor necrosis 
factor (TNF) and interleukin-6 
(IL-6) were measured before, during 
and for 18 h after cardiac surgery. 
Oxygen consumption, haemo- 
dynamics, the use of  IV fluids and 
dopamine, body temperature and 
the time of extubation were also 
measured. Measurements from pa- 
tients with high AVO 2 (_> median 
value of  the entire group) were 
compared with measurements from 
patients with low AVO2 ( <  median). 
Patients with high AVO2 had higher 
levels of  circulating endotoxin 

(P = 0.004), TNF (P = 0.04) and 
IL-6 (P = 0.009) received more IV 
fluids and dopamine while in the 
ICU, and were extubated later than 
patients with low AVO2. Several 
hours after AVO2 the patient 's  
body temperature rose. Forward 
stepwise regression analysis showed 
that  circulating endotoxin and TNF 
explained 50~ of  the variability of  
AVO 2. 
Conclusions: This study demon- 
strates that patients with high post 
operative oxygen consumption after 
elective cardiac surgery have higher 
circulating levels of  endotoxin, TNF 
and IL-6 and also have more symp- 
toms of  post-perfusion syndrome. 
Early detection of high VO2 might 
be used as a clinical signal to im- 
prove circulation in order to meet 
the high oxygen demand of inflam- 
mation. In addition, continuous 
measurement of  VO2 provides us 
with a clinical parameter  of  inflam- 
mation in interventional studies 
aiming at a reduction of  endotox- 
emia or circulating cytokines. 
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Endotoxemia �9 Tumor necrosis 
factor �9 Interleukin-6 �9 
Hypermetabol ism �9 Post-perfusion 
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Introduction 

The c a r d i o p u l m o n a r y  bypass  p rocedure  (CPB) used for  
cardiac  surgery can induce a systemic i n f l a m m a t o r y  re- 
sponse, ref lect ing ac t iva t ion  o f  the  hos t  defense system [1, 
2]. Cl inical  signs o f  this response  inc lude  fever, h a e m o d y -  
namic  instabil i ty,  f luid re tent ion,  o e d e m a  and  b leeding  [3, 
4]. In  severe cases, the  response  leads to the  so-cal led 
pos t -pe r fus ion  syndrome,  a sepsis-like syndrome.  Previ- 
ously, the  who le -body  i n f l a m m a t o r y  response  was as- 
c r ibed  to b l o o d - m a t e r i a l  in te rac t ion  inducing  comple-  
men t  ac t iva t ion  [ 5 -  7]. Later,  endo toxemia  was detected 
dur ing  card iac  surgery [ 8 - 1 2 ] .  E n d o t o x i n  s t imulates  the  
hos t  to p roduce  p r o - i n f l a m m a t o r y  cytokines.  Mos t  of  the  
b io logica l  effects o f  endo tox in  are med ia t ed  by these in- 
f l a m m a t o r y  media tors ,  which  induce  the  septic host  re- 
sponse  [ 1 3 - 1 8 ] .  The  p r o - i n f l a m m a t o r y  cytokine  t u m o r  
necrosis  fac tor  (TNF)  is cons idered  in pa r t i cu la r  to have 
an in i t ia t ing  role in the  pa thogenes i s  o f  the  sepsis syn- 
d rome  [18[. However, in card iac  surgery an assoc ia t ion  
between the occurrence  o f  endo toxemia  and  pos t -opera -  
tive m o r b i d i t y  has  no t  been  de te rmined  yet. 

In  the  cl inical  eva lua t ion  o f  pos t -pe r fus ion  syndrome,  
in te rp re ta t ion  o f  results is compl i ca t ed  by the fact tha t  
mos t  o f  the  cl inical  var iables  tha t  are in f luenced  by an  in- 
f l a m m a t o r y  response,  such as ar ter ia l  b l o o d  pressure, car- 
d iac  ou tpu t ,  t empera tu re  or  oedema,  are at  the same t ime 
dependen t  on  the h a e m o d y n a m i c  and  surgical  interven- 
t ion  and  the pre-opera t ive  card iac  state. In  a previous 
s tudy in elective card iac  surgery pa t ien ts  we showed tha t  
who le -body  VO2 af ter  c a r d i o p u l m o n a r y  bypass  is in- 
creased [19]. W h o l e - b o d y  VO2 direct ly reflects the  meta -  
bol ic  state in sedated  pat ients ,  p rov ided  the oxygen supply  
is adequate .  Af te r  IV admin i s t r a t ion  of  endo tox in  in 
h u m a n  volunteers  VOz increased wi thin  2 h  and  re- 
ma ined  elevated for  6 h [13]. Therefore,  the  AVE) 2 after  
card iac  surgery f rom the base l ine  VO z could  be related to 
the  i n f l a m m a t o r y  response  to endotoxemia .  

The  a im of  this s tudy  was to de te rmine  whether  the  
pos t -opera t ive  AVO 2 in elective card iac  surgery pat ients  
is re la ted to endo toxemia  and  subsequent  cytokine  re- 
lease, and  whether  AVO 2 can be used as a pa rame te r  o f  
pos t -pe r fus ion  syndrome.  Therefore,  we s tudied  the rela- 
t ionsh ip  o f  c i rculat ing levels o f  endotoxin ,  T N F  and  in- 
te r leukin-6  to AVE) 2. In  add i t ion ,  c i rculat ing levels o f  en- 
dotoxin ,  cytokines  and  clinicaI s y m p t o m s  o f  pos t -pe r fu -  
s ion synd rome  were c o m p a r e d  between pa t ien ts  with high 
AVO2 and  pa t ien ts  with low AVO 2. 

Methods 

Patients 

The study was approved by the ethical committee of the Free Uni- 
versity Hospital in Amsterdam. Written informed consent was ob- 
tained from all patients. 

Twenty-one consecutive male patients undergoing CPB surgery 
for elective coronary artery bypass grafting were included in the 
study. Patients with end-diastolic pressure in the left ventricle less 
than 20 mmHg, not receiving corticosteroids pre-operatively or 
acetylsalicylic acid within 5 days before the operation and not hav- 
ing clotting abnormalities, renal dysfunction (creatinin < 200 rtg/1), 
or inflammatory bowel disease were included. The mean age was 60 
years (range 48-74 years). In 16 patients, left internal mammarian 
artery grafts were used. Mean aortic clamp time was 64 rain (range: 
33-107) and mean CPB time was 101 min (range: 51-150). In one 
patient a second thoracotomy was necessary for surgical bleeding. 
All patients survived. 

Study design 

Levels of circulating endotoxin, TNF, and IL-6 were measured in pa- 
tients undergoing elective coronary artery bypass surgery in a pro- 
spective study. Haemodynamics, oxygen supply and VOz, body 
temperature and the use of IV fluids and dopamine were also mea- 
sured. Biochemical and clinical measurements were analysed in the 
entire group. In addition, the median increase in VO 2 (AVO2) of aII 
patients was used to allocate patients into two groups: patients with 
high AVE) 2 (equal to or greater than median) and patients with low 
AVO 2 (less than median). Biochemical and clinical measurements 
were compared between these groups. 

Blood samples were drawn at the following times: at baseline, 
directly after arrival in the theatre; during CPB: 10 rain after the 
start of bypass and at end of CPB; and in the intensive care unit 
30 rain, 2 h, 4 h and 18 h following the patient's arrival. Haemody- 
namics, VO 2 and oxygen supply were assessed at the following 
times: at baseline, after induction of anaesthesia and insertion of 
the pulmonary artery catheter; after completion 30 rain follow 
CPB, and in the intensive care unit at the fixed times of blood sam- 
pling and additionally 8 h following the patient's arrival. The 
amount of intravenous fluids and dopamine administered were cal- 
culated at the end of surgery and 18 h following arrival in the ICU. 
Postoperative central body temperature was measured hourly for 
18 h. The time at which the patient was extubated was also re- 
corded. 

Technique of anaesthesia, cardiopulmonary bypass 
and intensive care treatment 

Anaesthesia was induced with pancuronium bromide 0.1 mg 'kg-  
and fentanyl 50txg.kg - t  and maintained with a continuous in- 
fusion of fentanyl 50 txg.kg-l .h -1 and midazolam 0.1 mg.h -1. 
kg -~. Neither volatile anaesthetics nor nitrous oxide or cor- 
ticosteroids were used. Patients were ventilated with 40% oxygen 
and 5 cmH20 PEEP. A pulmonary artery catheter was inserted af- 
ter induction of anaesthesia and intubafion. 

CPB was performed with moderate systemic hypothermia 
(28-30 ~ a non-pulsatile flow and a cold cristalloid cardioplegia 
(containing 16 retool/1 potassium) for myocardial protection. The 
CPB circuit consisted of a membrane oxygenator (Avecor, Plym- 
outh, Minn.) and a roller pump (Stockert) with an arterial filter and 
polyvinyl tubing. The circuit was primed with 2000 ml Ringer's lac- 
tate, 200ml of 20% human albumin, 100ml of 20% mannitol, 
50 ml of 8.4% sodium bicarbonate and 5000 IU of bovine heparin. 
A standard cannulation technique was used with a two-stage venous 
cannula, an arterial cannula in the ascending aorta and a subtotal 
bypass. During cardiopulmonary bypass pH was regulated by 
means of the alpha-stat method. 

After releasing the aortic cross clamp, mechanical ventilation 
was resumed using 40-50% oxygen and 5 cmH20 PEEP, and ni- 
troglycerin 2 mg.h -~ plus dopamine 2 g.kg -1 .rain -~ were started. 
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The dopamine and nitroglycerin doses were increased when cardiac 
index (CI) was lower than 2.01.rain -~. The CPB was continued 
until the patient's central body temperature was restored to 36 ~ 
In the ICU, all patients were externally warmed with a heating mat- 
tress until rectal temperature exceeded 36.5 ~ and the difference be- 
tween rectal and toe temperature was less than 5 ~ Al l  patients 
were on controlled mechanical ventilation at least 8 h post-opera- 
tively with 40% oxygen and 5 cmH20 PEER Packed cells were 
transfused to maintain haemoglobin > 5.6 mmol/1. Patients were 
postoperatively sedated with morphine and diazepam IV during the 
first 8 h to relieve pain and stress, prevent shivering and obtain a re- 
liable VO 2 and cardiac ouput. Patients were allowed to awaken 
when temperature and circulation were stable, after which pressure 
support ventilation was started, and patients were extubated upon 
clinical judgement. 

Clinical methods 

Haemodynamic measurements 

Haemodynamic measurements included heart rate, mean arterial 
blood pressure, central venous, pulmonary artery and pulmonary 
artery wedge pressure and cardiac output. Cardiac output was mea- 
sured by the thermodilution method using a Marquette Tram- 
scope 12 using room temperature injectate. The mean of four mea- 
surements, taken at random in the ventilatory cycle, was calculated 
and only measurements with correct dilution curves were used. CI 
was calculated from cardiac output: CI = cardiac output/total body 
surface area. 

Oxygen consumption 

VO 2 was measured continuously by respiratory gas analysis with 
an open circuit indirect calorimeter (Deltatrac, Datex Instrumenta- 
tion, Helsinki, Finland). This calorimeter has been validated previ- 
ously [19] and has been described in detail [20]. It contains a fast- 
response paramagnetic differential oxygen analyzer, an infrared car- 
bon dioxide sensor and a flow meter. The apparatus receives all ex- 
pired air from the ventilator and takes samples from the inspired air 
after the humidifier. Gas volumes are corrected to standard condi- 
tions of dry gas, temperature and pressure. In this study, the artefact 
suppression mode (using the algorithm of the manifacturer) was 
used. FIO2 was consistently less than 50%, and minute volume and 
FIO z remained constant within 60 min before measurements were 
taken. Calibrations were made before starting, after transport of the 
patient and instrument to the ICU, and at 8-h intervals thereafter. 
A meticulous check on gas leakage was made; the minute volume 
was measured by the ventilator and the calorimeter was routinely 
checked. Care was taken that the patient was adequately sedated 
and shivering was prevented. Deltatrac averaged VO 2 measure- 
ments over a period of 1 min, and the mean of at least five values 
was taken. These values were additionally compared with the con- 
tinuously printed values to exclude short-term variability. Values of 
VO 2 were adjusted for the total body area (ml .min - l 'm-2 ) .  

Assays 

Blood samples were drawn from a newly inserted radial artery line 
or from the arterial line of the extracorporeal circuit. 

Endotoxin 

Blood samples for endotoxin determination were collected in tubes 
(Monovette, Sarstedt) containing pyrogen-free heparin (Thromboli- 
qine, Organon, Oss, The Netherlands) at a final concentration of 
30 IU/ml under endotoxin-free conditions and were immediately 
immersed in melting ice. Platelet-rich plasma (PRP) was directly 
prepared by centrifugation (4 ~ at 190 g for 10 min and immedi- 
ately stored at - 7 0 ~  Endotoxin was determined with an opti- 
mized chromogenic assay (Coatest Endotoxin, Chromogenix, 
MOlndal, Sweden) based on the lipopolysaccharide-dependent acti- 
vation of limulus amoebocyte lysate (LAL) and subsequent mea- 
surement of the activated LAL enzyme(s) with a chromogenic 
substrate. This assay has been previously described [21] and has 
a detection limit of 0.036EU.ml -a. Endotoxin values above 
0.060 EU-m1-1 (endotoxin units per ml PRP) were considered pos- 
itive. This corresponds to 5 pg-ml - I  with the endotoxin standard 
used in this study. 

Tumor necrosis factor-a and interleukin-6 

Blood samples for determination of TNF and IL-6 were collected 
in 5-ml citrate-anticoagulated tubes directly immersed in melting ice 
and immediately processed. Platelet-poor plasma was prepared by 
centrifugation (4 ~ at 1800 g for 10 rain and stored at - 7 0  ~ 
TNF and IL-6 were determined with an immuno radiometric assay 
(TNF-a IRMA and IL-6 IRMA, Medgenix, Brussels, Belgium). The 
TNF assay measures free TNF as well as TNF bound to its circula- 
tory soluble receptors [22] and has a detection limit of  5 pg.m1-1. 
The IL-6 assay has a detection Iimit of  6 pg-m1-1. 

Data analysis 

Statistical analysis was performed using Statview SE+Graphics 
computer software (Abacus Concepts). Values are presented as 
mean SD for the entire group, and mean SE when groups are com- 
pared. For comparison of consecutive values within one group, a 
one-way analysis of variance for repeated measures was used. In 
case of significance, the Dunnett test was used for comparison of 
individual values. Differences between consecutive measurements 
between groups were investigated with a two-way analysis of vari- 
ance for repeated measures. Since the data of TNF and IL-6 mea- 
surements had a skewed distribution, they were analysed after trans- 
formation into their corresponding logarithms. To identify signifi- 
cant determinants of AVO 2, forward stepwise regression analysis 
was used (F-to-enter > 4). In this analysis, TNF and IL-6 data were 
transformed into a code ranging from 1 to 6 according to the I0th, 
25th, 50th, and 75th percentile. A probability (P) level less than 0.05 
was considered statistically significant. 

Oxygen supply 

Oxygen supply and oxygen extraction were calculated with the fol- 
lowing equations: oxygen supply: (DOz) = CI • {[i .39 • Hg (g. dl - ~) 
• arterial oxygen saturation] + (0.003 x PaO2)l; oxygen extraction = 
VO2/DO 2, 

Results 

S e q u e n c e  o f  events  

In  this  s t udy  t h e  p o s t o p e r a t i v e  VO 2 was s i gn i f i c an t l y  
h i g h e r  t h a n  a t  base l ine  ( P <  0.0001). F o r  i n d i v i d u a l  va lues  
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Table 1 Sequence of events 

Baseline 10min CPB End CPB 30min ICU 2h ICU 4h ICU 8h ICU 18h ICU 

VO 2 109 116 137 a 133 a 134 a 125 
ml.min -1 .m -~ (9.4) (10) (26) (15) (15) (12) 

Endotoxin 0.018 0.01 0.242 a 0.250 a 0.221 a 0.11 
EU-ml -~ (0.03) (0.139) (0.15) (0.15) (0.12) (0.1) 

TNF b 12 13 23 a 27 a 25 a 11 
pg.m1-1 8-14.4 6.4-64 11-59 12-103 12-45 6.8-26 

I1-6 b 11 57 212 336 a 305 a 188 a 
pg-m1-1 0-34  12-457 88-876 163-1458 177-1580 102-946 

a Measurements are significantly different from baseline 
b Since measurements of TNF and IL-6 had a skewed distribution, values are presented as median and range 

this difference was significant at 2 h, 4 h and 8 h after 
ICU admission. Measurements of  oxygen consumption 
taken at 4 h and 8 h after ICU admission were not signifi- 
cantly different from measurements taken at 2 h after 
ICU admission (Table 1). 

Measurements of  endotoxin, TNF and IL-6 after CPB 
were significantly higher than baseline values 
(P<0.0001).  Individual measurements of  endotoxin at 
the end of CPB and 30 rain and 2 h after ICU admission 
were significantly higher than baseline values (Table 1). 
Individual measurements of  TNF 30 min, 2 h and 4 h af- 
ter ICU admission, and measurements of  IL-6 2 h, 4 h, 
8 h and 18 h after ICU admission were significantly high- 
er than baseline values. TNF and IL-6 measured 2 h and 
4 h after ICU admission were significantly higher than 
measurements taken after CPB. 

The median AVO2 2 h  after ICU admission was 
25 ml. min - 1. m -2 (range: 15 - 85 ml.  m i n -  1. m -2). Au 
occurred 90 to 150 min after the highest level of  endotox- 
in, and corresponded in t ime with both the highest level 
of  circulating TNF and of IL-6 (Table 1). 

Compar ison of patients with high AVO 2 ( ~  median) 
and patients with low AVO2 ( <  median) 

VO 2 in the patients with high AVO z and low AVO 2 is 
shown in Fig. 1. To compare differences in the amount  of  
circulating endotoxin, TNF and IL-6 between the patients 
with high AVO2 and those with low AVO2, a two-way 
analysis of  variance was used. When measurements rele- 
vant to AVO2 were taken (from 10 min after the start of  
CPB until 2 h after entering the ICU for endotoxin and 
from the end of CPB until 4 h after entering the ICU for 
both TNF and IL-6, no significant group-time interaction 
was measured (P>0.5)  [23], and the difference between 
patients with high AVO 2 and those with low AVO2 was 
significant (P = 0.04 for endotoxin, P = 0.04 for TNF, 
and P - - 0 . 0 0 9  for IL-6). Patients with high AVO2 had 
higher levels of  circulating endotoxin, TNF and IL-6 than 
patients with low AVO 2 (Fig. 2). Oxygen delivery was not 

significantly different between groups, but the oxygen ex- 
traction ratio was significantly higher in the patients with 
high AVO 2 (P = 0.03; Fig. 3). Lactate levels were general- 
ly normal  and not significantly different between the two 
groups. Patients with high AVO 2 received more fluids 
and dopamine, and were extubated later than patients 
with low AVO2, and their body temperature rose to a 
higher level 5 h after AVO2 (Table 2). 

Stepwise regression analysis for A g o  2 

To identify whether circulating endotoxin, TNF and IL-6 
contributed to AVO 2, forward stepwise regression analy- 
sis was performed. For endotoxin the mean of  the levels 
from the end of  CPB and ICU arrival was taken, and for 
TNF and IL-6 the mean of the levels from ICU admission 
and 2 h after ICU admission was taken. This analysis 
showed that the combination of circulating endotoxin 
and TNF explained 50~ of  the variability in AVO 2 (Ta- 
ble 3). IL-6 also contributed to AVO 2, but only when 
TNF was not entered in the model. None of the following 
variables explained the variability of  AVO2 further: age, 
duration of  CPB, preoperative oxygen supply, oxygen 
supply and temperature 2 h after ICU arrival or the dose 
of dopamine used. 
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Fig, 2 Circulating levels of endotoxin, tumor necrosis factor 
(TNF), and interleukin-6 (IL-6) from the patients with AVO 2_> me- 
dian value (high AVO2; dotted line) and AVOz<median value 
(low AVO2; solid line) are plotted against time. Results are given as 
mean_+SE. Differences in consecutive measurements between 
groups are significant, for endotoxin P = 0.04, for TNF P = 0.04, 
and for IL-6 P = 0.009 

Discussion 

This study shows that high levels of  post-operative oxygen 
consumption in patients after elective coronary bypass 
surgery is related to endotoxemia and subsequent 
cytokine release. This conclusion is supported by the se- 
quence of  events, starting with endotoxin being released 
during CPB with the highest level at the end of  CPB or 
upon ICU admission, followed by the appearance of TNF 
and IL-6 in the systemic circulation in the first hours after 
ICU admission and the concurrent AVE) 2. Patients with 
high AVO2 appeared to have higher levels of  circulatory 
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Fig. 3 Oxygen supply and oxygen extraction rate from the patients 
with AVO2 -> median value (high AVO2; dotted line) and the pa- 
tients with AVO2<median value) (low AVO2; solid line) are plot- 
ted against time. Differences in consecutive measurement between 
groups are statistically significant for oxygen extraction ratio 

endotoxin, TNF and IL-6. Furthermore, forward stepwise 
regression analysis showed that endotoxemia and circulat- 
ing TNF explained of  the 50% AVE) 2. Therefore, in pa- 
tients with a low preoperative risk for surgery, postopera- 
tive AVE) 2 appears to be a clinical sign of  the endotoxin- 
related inf lammatory  response. 

This study also supports the hypothesis that lower lev- 
els of  VO2 can be attributed to a less pronounced inflam- 
matory  response associated with lower circulating levels 
of  endotoxin. In patients with low AVO2, circulating lev- 
els of  endotoxin and cytokines were lower. In addition, 
the oxygen supply was not different in patients with low 
AVO2 from the oxygen supply in patients with high 
AVO 2 and lactate levels were in the normal  range [24]. 
Furthermore, oxygen supply and the use of  dopamine 
were not found to be significant determinants of  AVO2. 
Therefore, in the present population with a low 
preoperative risk for surgery, no support  is found for a 
supply-dependent VO2 for patients with low VO2, and no 
support  is found for a dopamine-induced increase in 
VO2 for patients with high VO2. Of  all variables mea- 
sured, endotoxemia and circulating cytokines were the 
significant determinants of  AVO2. Remaining variability 
may be attributed to other factors potentially increasing 
the postoperative oxygen demand, such as repletion of 
cellular oxygen stores, reperfusion injury or material-in- 
duced inflammation.  
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Table 2 Clinical signs of postperfusion syndrome in patients with 
high and low AVO 2. Clinical signs of patients with a postoperative 
increase in VO2>-median value (high AVO2) are compared with 
the signs of patients with low AVO 2 (<median value). 

TemPmaxIcu refers to the highest temperature measured in the 
first 18 h after ICU admission. Blood pressls h mu refers to mean 
arterial blood pressure measured 18 h after ICU admission. Results 
are given as mean (SE) 

Intensive care High AVO 2 Low AVO 2 Significance level 
_> 25 ml min. m- 2 < 25 ml min- m- 2 Unpaired t-test 

TemPmax ICU (~ 
Total fluidsic u (ml) 
D o p a m i n q c  u (mg) 
Blood press~8hlCV (mmHg) 
Extubation time (min after ICU admission) 

38.7 (0.1) 38.2 (0.1) P = 0.04 
8042 (409) 6272 (429) P = 0.04 
455 (76) 254 (47) P = 0.03 
75 (1.6) 83 (3.1) P =  0.06 
1299 (237) 1044 (65) P = 0.04 

Table 3 Forward stepwise selection for AVO 2 (increase in oxygen 
consumption from baseline) in ml. min-i,  m-5. Since TNF mea- 
surements had a skewed distribution, values were transformed into 
a code ranging from 1 to 6 according to percentiles 

Independent variable Coefficient Standard error F-test 

Constant - 25 
End~176 CPB-ICU admissioa 83 38.8 5.5 
(EU. ml- 5) 
TNF30min 2h ICU (code) 11 4.4 7.6 

R = 0.72, R2(adj) = 0.47 F-test of the model: 9.3 

a AVO2 can be expressed as a function of the level of circulating 
endotoxin upon ICU admission and the level of TNF 2 h following 
ICU admission in the following equation: 

AVO 2 = - 14 + 11 (TNF code) + 83 (endotoxin in EU. ml- 1) 

This study also demonstrates that AVO2 is a clinical 
parameter of  postperfusion syndrome, at least in patients 
with a low preoperative risk for surgery. This is evidenced 
by the fact that patients with high AVO 2 had more symp- 
toms of postperfusion syndrome than patients with low 
AVO 2. They required more IV fluids and dopamine to 
maintain circulation and were extubated later. These 
symptoms reflect increased capillary permeability and 
can be attributed to cytokine release. Cytokines trigger a 
complex cascade of  events, ultimately leading to micro- 
vascular and cellular damage [14, 25, 26]. Increased capil- 
lary permeability is a result of  this damage. I f  this occurs, 
additional fluids and inotropics are needed to maintain 
circulation, and extubation will be delayed by pulmonary 
oedema. Early detection of high VO 2 might be used as a 
clinical signal to improve circulation to meet the high ox- 
ygen demand of  inflammation.  In addition, continuous 
monitoring of VO2 provides us with a clinical parameter 
of  inf lammation in interventional studies aiming at a re- 
duction of  endotoxemia [27], cytokine release [4] or circu- 
lating toxic mediators [28]. 

From this study the potential risk of  an endotoxin-in- 
duced hypermetabolic response after cardac surgery be- 
comes apparant.  Endotoxemia increase cellular oxygen 
demand by the synthesis and release of  inf lammatory me- 
diators and by the elaboration of  pituary and stress hor- 

mones. Both TNF and IL-6 have been reported to cause 
an increase in the acute phase of  protein synthesis, 
hypermetabolism and fever [13-18,  29]. In this study, 
both endotoxin and TNF contributed to AVO2. IL-6 also 
contributed to AVO 2, but this effect was dependent upon 
TNF. This finding is in accordance with other studies, 
demonstrating that during endotoxemia IL-6 production 
in vivo depends on prior biosynthesis of  TNF [30]. In the 
present study, values of  oxygen extraction were extremely 
high in the patients with high AVO2. Concomitant  oxy- 
gen supply was low as compared to oxygen supply in sep- 
tic patients [29] and other patients after cardiac surgery 
[3/]. The normal  lactate levels in our patients indicate 
that the very high oxygen extraction could compensate for 
their impaired oxygen supply. Low oxygen supply after 
cardiac surgery can be explained by postischemic myocar- 
dial depression [32]. Furthermore, myocardial depression 
can be aggravated by endotoxemia due to the release of  
myocardial depressant substances [33, 34]. In the present 
study, only patients with a near-normal preoperative myo- 
cardial function were included. From the very high oxy- 
gen extraction ratios it appears that the balance between 
oxygen supply and demand may become critical even in 
these patients, when oxygen demand is increased due to 
the inf lammatory response to endotoxemia. Therefore, 
the increased oxygen demand as a result of  inf lammation 
might have important  implications, particularly for pa- 
tients with poor  myocardial function, since they cannot 
increase oxygen supply. In these patients, the endotoxin- 
induced inf lammatory response might lead to myocardial 
and tissue hypoxia. 

In conclusion, this study demonstrate that high 
postoperative VO 2 after elective cardiac surgery is related 
to endotoxemia and subsequent cytokine release and is as- 
sociated with symptoms of postperfusion syndrome. 
Whether this is true for the patient with high preoperative 
risk factors has yet to be determined. Early detection of 
high VO2 might be used as a clinical signal to improve 
circulation in order to meet the high oxygen demand of 
inflammation.  In addition, continuous measurement of  
VO 2 provides us with a clinical parameter of  inf lamma- 
tion in interventional studies aiming at a reduction of en- 
dotoxemia or circulating cytokines. 
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