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Case Report

Introduction

The fact that the mean mortality rate of 5.59% after coro-
nary bypass surgery at the Indonesian National Cardiac
Center (Harapan Kita Hospital) has not changed signifi-
cantly in the last 10 year period (1990-2000) warrants
reassessment. The available literature reflects the opin-
ion that the outcome of coronary bypass surgery patients
could not be easily laid-out, which reflects the complex-
ity of the problems affecting the patients’ condition be-
fore and during surgery.

Published predictors of surgical mortality have been
available in the form of scoring systems, for instance:
Parsonnet score in the US, Euro score in Europe,
Melbourne score in Australia. As data varies, so are the
scorings. In some centers, agreement on post surgical
mortality exists which are influenced by: progression of
age, left ventricular dysfunction, and emergent surgery.
On the other hand, opinions differ when it comes to: field
of gender, obesity, diabetes, hypertension, and renal dys-
function.

Mortality is reported most often due to heart failure
and the worsening of myocardial contractility. This dis-
turbance is caused by damaged of myocardial tissue due
to ischemia; i.e. due to coronary ischemia before surgery
(arteriosclerosis) as well as ischemia during surgery. Is-
chemia initiates the discharge of free radicals intracellu-
lar as well as into the circulation. The proinflammatory
cytokine TNF α is a free radical that has quite a large role
compared to other cytokines. The role of this particular
cytokine is still under debate, among others as an apoptotic
trigger causing the dissemination of myocardial damage.

Due to the complexity of the issue, in this study, an
assessment will be done on biological and clinical fea-
tures, as well as assessment by statistical analysis. A search
will be conducted for risk factors contributing to post
coronary bypass surgical mortality. Biological analysis is
aimed at the assessment on the rise of TNF α

proinflammatory cytokine concentrations, which are sus-
pected to cause postoperative clinical worsening of pa-
tients.

The increase in circulatory cytokine concentration is
caused by many factors, including among others, genetic
changes. Genetic abnormality found is the presence of
gene polymorphism at 308 positions (promoter) in the
form of adenine substitution of guanine.

In the clinical setting, analysis will be done on pre-
operative risk factors, including age, gender, body mass
index, presence of diabetes mellitus or hypertension, car-
diac dilatation in the form of left ventricular dilatation or
the increase cardio thoracic ratio. These conditions are
often accompanied by the impairment of myocardial con-
tractility.

 

Aim of study

1. To prove that on coronary heart disease patients
with polymorphism -308, a rise in TNF α concen-
trations will occur after undergoing coronary by-
pass surgery.

2. To prove that clinical manifestations after coronary
bypass surgery is affected by increased TNF α con-
centrations in blood circulation.

3. To construct a model to predict mortality risk after
coronary bypass surgery based on pre- and intra-
operative risk factors, including also immunoge-
netic factors.
 

Theoretical background

Arteriosclerosis in coronary arteries results in decreased
blood flow to myocardial fibers. The following ischemia
triggers proinflammatory cytokine production, among
others TNF α, which majority is produced by heart
muscles, besides macrophages. So, in ischemia, circulat-
ing TNF α concentration is increased.

Although still in controversy, myocardial ischemia
progresses during surgery. Ischemia causes increased pro-
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duction of TNF α, and also the production of the anti-in-
flammatory cytokine IL-10. If TNF α concentration in the
circulatory increases, the contractility of myocardial fibers
will lessen due to the negative isotropic effects. The fol-
lowing ischemia produced will cause apoptosis, which in
turn will worsen myocardial function.

Concept of hypothesis

The deterioration of patients’ clinical condition is thought to
be in relevance with the high circulating concentration of
proinflammatory cytokines. The increase in the concentra-
tion of cytokines is under genetic regulation (suspected by
the role of polymorphism -308). If in this study the relation-
ship polymorphism -308 and the increase of TNF α concen-
tration are not proven, other factors influencing the increase
of circulating TNF α will be sought. (Figure 1).

Hypothesis

1. Myocardial ischemia during surgery will cause an
increase in circulating TNF α.

2. The increase of TNF α will be higher in coronary
heart disease patients with DNA polymorphism -308

as compared to those without polymorphism -308.
3. The diversity of clinical manifestations of patients

after coronary artery bypass surgery is influenced
by the increase of blood TNF α concentrations.
 

Method

The study design is a prospective study with 280 samples;
utilizing univariate, bivariate and multivariate analysis
as well as by survival analysis study.

To view preoperative characteristics, analysis will be
done by case control design. By homogeneity testing,
the relative risk ratio (RRR) will be calculated and multi-
variate analysis using multinomial regression analysis. A
scoring method is anticipated to be constructed such as
encountered in other studies.

The main assessment is made by analyzing all risk
factors, including preoperative risk factors, intraopera-
tive risk factors, and immunogenetic influence.

The assessment in this study differs from scoring as-
sessment found in literature. For analysis, this study will
profile itself on: proportional hazard assumption assess-
ment, hazard ratio calculation, and median value by means
of ‘time at risk’. Analytical results will be used as factors
to construct a scoring system. It is hoped that the result-
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FIGURE 1. CONCEPT BACKGROUND CORRELATION BETWEEN GENE POLYMORPHISM –308,   INCREASE TNF α  CONCENTRATION AND CLINICAL   MANIFES-
TATION IN CORONARY PATIENTS.



Crit Care & Shock 2005 Vol. 8, No. 3 81

Mean values obtained by ‘geometric mean’ show
TNF α concentrations without polymorphism to be
338.79 pg/ml, whilst patients with heterozygote polymor-
phism (G-A) had a higher mean value of 336.41 pg/ml.
Higher still was the mean value of homozygote poly-
morphism (A-A) of 447.78 pg/ml. Although statistical
analysis shows an insignificant result, this data reflects
TNF α concentration higher than patients with polymor-
phism-308, particularly the homozygote variant; in con-
cordance with the hypothesis made. (Table 2)

The presurgical measurement of TNF α concentra-
tion on coronary heart disease patients yields range of
values from the lowest value of 245.6781 pg/ml to the
highest value of 886.3500 pg/ml. These values exceed
by far, values found on normal individuals of less than
100.0000 pg/ml. No comparison data exists to date re-
garding the value of TNF α, suggesting that this data is
newly acquired information.

On patients with polymorphism -308 undergoing
coronary bypass surgery, a change in TNF α concentra-
tion occurs. albeit not in all conditions. A decrease has
even been noted in some patients. Although circulatory
concentrations vary, the mean value still show an in-
crease; especially in patients with homozygote polymor-
phism. These results are anticipated, but further studies
are recommended, especially regarding those cases with
the occurrence of a decrease of post surgical TNF α
concentration.

Analysis on patients who died after surgery com-
pared to those with better results yielded different char-
acteristics. TNF α concentrations on patients who died

ing scoring system would be able to predict mortality
after coronary by pass surgery. If the results differ from
data encountered in literature, then these results will re-
flect the characteristic of the Indonesian population or
the Malay ethnic. Available data in the literature have
been reflecting studies on Caucasian subjects.

Special analysis for immunogenetic factor is done by
gene studies to see the 308 position and to measure the
TNF α concentration before and after surgery. The TNF α
concentration is determined by Elisa using quantikine kit
immunoassay. The immunogenetic map of coronary heart
disease patients is not well known, so the results of this
study will be new to our knowledge. Statistical analysis on
this study utilizes Stata 7.0 software.

Results

In this study of 280 cases of coronary heart disease, poly-
morphism -308 percentage was at 8.6%, consisting of
heterozygote polymorphism (G-A) at 4.64% and homozy-
gote polymorphism (A-A) at 3.93%.

This percentage is larger than polymorphism found
on normal individuals without coronary heart disease,
which has been at 3.5-3.7% (Irawan Yusuf). A different
result is obtained if compared to the study conducted by
Li Wang (2000) in Sydney, wherein he reports a poly-
morphism-308 incidence of 30.1% consisting of heterozy-
gote polymorphism (G-A) 25.4% and homozygote poly-
morphism (A-A) 4.7%. This figure suggests genetic dif-
ference between ethnic groups.(Table 1)

TABLE 1. DISTRIBUTION OF PATIENTS WITH POLYMORPHISM -308 AT THE CORONARY HEART DISEASE

Research by Without polymorphism Polymorphism heterozygote Polymorphism homozygote
(G-G) (G-A) (A-A)

Li –Wang
(Sidney-Australia) 448 (69, 9%) 163 (25, 4%) 30 (4, 7%)
Tri Wahyu
(Jakarta-Indonesia) 256 (91, 43%) 13 (4, 64%) 11 (3, 93%)

TABLE 2. MEAN VALUE OF THE GROUP WITH OR WITHOUT POLYMORPHISM FROM CLINICAL CHARACTERISTIC DURING SURGERY

Clinical characteristic

Surgical time
TNF pre surgery
TNF post surgery
ICU stay
 

     Without polymorphism
Mean 95% CI means

 

309,24 (300,74; 317,75)
344,80 (326,33; 363,26)
350,19 (329,55;370,84)
1,89 (1,65;2,12)

With polymorphism heterozygote
(G-A)

Mean 95% CI means

With polymorphism homozygote
(A-A)

Mean 95% CI means

315,92 (269,88; 361,97)
411,25 (296,53; 525,97)
434,80 (295,16;574,44)
2,09 (1,50;2,65)

339,73 (271,19; 408,27)
482,07 (262,55;701,60)
486,11 (266,24;727,64)
1,82 (1,41;2,22)
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after surgery was lower than patients who lived (sur-
vive). (Table 3).

This differs from the hypothesis, which predicted that
the high TNF α concentration would worsen the post sur-
gical clinical manifestation. The study shows low TNF α
concentration at the start of surgery and the slight increase
at the completion. The deliberation is as follows:

1.   On the opinion that circulating TNF α concentra-
tion is influenced by the presence of others
cytokines; proinflammatory, as well as anti-inflam-
matory.

2.   TNF α cannot be produced by damaged myocardial
tissue, and that production by macrophages is also
decreased because of exhaustion. Bivariate analy-
sis on this study show an insignificant value, but the
characteristic picture of TNF α concentration can
contribute data for further studies. (Table 4).

TNF α concentration of more than 500.00 pg/ml can
be correlated to 4 risk factors; 70.59% (12/17) diabetics,
5/17 (29.41%) senile patients (>62 years). High values
are also found on 308 polymorphism 5/17 (29.41%) and
only 4/17 (23.53%) on patients with an ejection fraction
of <35%. These 4 factors warrant extra attention on the
analysis to construct a scoring system.

Case control study with multinomial regression analy-
sis, for pre surgery risk factor. (Table 5, Table 6,Table 7,
and Table 8).

On the analysis to construct a model for presurgical
risk factors as related to the post surgical mortality, 5 vari-
ables were found to be of value: gender, age (in years),
body mass index >25, creatinine concentration (in mg/
dl), cardio thoracic ratio (in %). From these it could be
obtained that individual characteristics as risk factors,
multiplied by score value (designated score I for ICU
stay > 3 days) will result in the % of probability of ICU
stay with complications. In the same way a predictor could
be identified for the mortality risk factors. The result in
the % of probability of post surgical mortality designated
score I for mortality.

Survival analysis study with cox regression
analysis

On survival analysis by compiling all presurgical risk
factors, risk factors during surgery, and immunogenetic
influence, we obtained a model designated as score II.
On this model 5 variables were also identified as influ-
encing the outcome; presence of polymorphism, pres-
ence of DM, age > 62 years, low ejection fraction < 35%
and surgical technique (Cardio Pulmonary Bypass).
(Table 9).

Multivariate analysis results with good ROC area
probability of 78, 63%, means that the scoring system
available to use in Indonesia and the prediction power is
78,00%. (Table 10, and Table 11).

Risk factors in the scoring system each were mea-
sured based on the power test and yielded 82% power for
the presence of polymorphism 308,91% power for low

 
Clinical characteristic

TNF pre surgery
TNF post surgery
Surgical time
ICU stay

           Survive
Mean 95% CI mean

358,42 (337,64;379,20)
365,48 (341,80;389,15)
310,46 (294,20;311,13)
1,79 (1,59;1,99)

             Death
Mean 95% CI mean

309,19 (274,96;343,42)
310,32 (272,34;348,28)
324,14 (280,26;368,02)
3,79 (1,72;5,85)

TABLE 3. CLINICAL CHARACTERISTIC ON PATIENTS WHO DIED AFTER SURGERY WITH MEAN VALUE OF RISK

FACTORS DURING SURGERY AND AFTER SURGERY

 
 

Age > 62 y.o
 DM
 Low Ejection fraction (<35%)
With polymorphism – 308

Concentration
 < 300 pg/ml

 
13/53 (24, 53%)
16/53 (30, 18%)
6/42 (14, 28%)
4/55   (7, 71%)

Concentration
300-499 pg/ml

22/63 (34, 92%)
28/63 (44, 44%)
5/49 (10, 20%)
4/63 (6,349%)

Concentration
> 500 pg/ml

 
5/17 (29, 41%)
12/17 (70, 59%)
4/17   (23, 53%)
5/17   (29, 41%)

TABLE 4. DISTRIBUTION OF TNF α CONCENTRATION
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Variable

Survive with  ICU stay  > 3 days
Sex (women)
Age (year)
Body mass index (>25 )
Creatinin concentration
Cardiothoracic ratio (%)

Constant

Died
Sex (woman)
Age (year)
Body mass index (>25 )
Creatinin concentration
Cardiothoracic ratio (%)

Constant

Coefficient
 

1,448
0,040
1,185
2,066
0,056

-11,556
 

-18,493
0,149
1,402
1,756
0,072

-0,257

RRR
 

4,25
1,04
3,27
7,89
1,06

 

 

0,00
1,16
4,06
5,79
1,07

95% CI RRR
 

 
1,31 ; 13,85
0,99 ; 1,09
1,41 ; 7,59
2,47 ; 25,18
1,02 ; 1,10

 
 

 0,00 ; 0,00
1,05 ; 1,29
0,82 ; 20,05
0,67 ; 49,87
1,00 ; 1,15

 P
 

 
0,016
0,114
0,006
0,000
0,006
  

 

0,000
0,005
0,085
0,110
0,048

TABLE 5. DISTRIBUTION OF TNF α CONCENTRATION

Variable

Sex
Man
Woman

Age (year)
Body mass index

< 25
> 25

Creatinin concentration  (mg/dl)
Cardiothoracic ratio (%)

Total  (IC x S)

Individual
characteristic (IC))

Survive with  ICU stay  > 3 days

Score (S1) IC x S1
  

0  
2  
1  
  
0  
2  
2  
2

–––

Death

Score (S2) IC x S2

2  
0  
2  

0  
1  
1  
1

–––

TABLE 6. FORM OF SCORING I PREDICTION POST SURGERY

 S1 = score of ICU stay > 3 days; S2 = score of death.

Total score

No risk ( < 159,60)
Low risk (159,6 s/d170,19)
Moderate risk (170,2 s/d 204,19)
High risk ( > 204,2)

Survival prediction with
ICU stay > 3 days

08,22
14,71
25,71
50,00

TABLE 7. CONVERSION SURVIVAL PREDICTORS WITH ICU STAY > 3 DAYS

(SCORING I FOR LONG ICU STAY)
TABLE 8. CONVERSION OF MORTALITY PREDICTION WITH TOTAL SCORE

(SCORING I FOR MORTALITY)

Total score

No risk  ( < 169,50)
Low risk  ( 169,5 s/d 185,99)
Moderate risk  (186,0s/d 205,39)
High risk  ( > 205,4)

Death prediction

00,00
08,33
10,83
50,00
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ejection fraction (<35%) and 99% power for the pres-
ence of DM, age > 62 years and surgical technique using
CPB (on pump technique). (Table 12).

Conclusion

Based on the purpose of the study, the following data
was obtained:

1. Coronary heart disease patients with 308 polymor-
phism (particularly heterozygote G-A polymor-
phism) have a higher circulating TNF a concentra-
tion compared to CHD patients without polymor-
phism.

2. The post surgical clinical manifestations were not
proven to be influenced by circulating TNF α con-
centrations. It is thought that the increase was not
enough to yield clinically manifestation.

3. A two scoring system could be designed for CHD
patients;
(1) Score I, prediction and probability the preop-

erative five risk factors (sex, age, BMI,
creatinin concentration, CTR).

(2) Score II prediction and probability by includ-
ing all factors, which are presurgical factors,
factors during surgery and also immunogenetic
factors. Influencing 5 risk factors are old age
(>62 years), presence of DM, low ejection frac-
tion (<35%), surgical technique (on pump tech-
nique) including the presence or absence of

TABLE 9. MULTIVARIATE ANALYSIS AND SCORING

Variable

TNF-DNA (Polymorphism-308) status
DM (Yes)
Age (> 62 ty.o)
Ejection fraction (< 35%)
On pump technique)

Koef.

0,862
0,985
1,196
1,042
1,379

SE coef.

1,228
0,820
0,842
0,865
0,857

HR

2,37
2,68
3,31
2,84
3,97

95% CI HR

(0,21;26,29)
(0,54;13,35)
(0,64;17,21)
(0,52;15,46)
(0,74;21,29)

Score

1
2
2
2
2

Variable

TNF-DNA status
Normal
Polymorphism-308

DM
No
Yes

Age
< 62  y.o
> 62  y.o

Ejection fraction
> 35%
< 35%

Surgical technique
Off pump
On pump

TOTAL  SCORE  (0—9)

Score

0
1

0
2

0
2

0
2

0
2

Characteristic subject

TABLE 10. SCORING II WITH CHARACTERISTIC VARIABLE

TABLE 11. INTERPRETATION OF SCORING FOR MORTALITY RISK PRE-
DICTION AFTER SURGERY

Total score
 

< 1
2—3
4—6
> 6

Risk
 

No Risk
Low Risk

Moderate Risk
High Risk

Death Proportion
 

1,06%
7.55%

 25.00%

TABLE 12. POWER TEST OF RISK FACTOR

Variable

TNF-DNA status (Polymorphism-308)
DM (Yes)
Age (> 62 y.o)
Ejection fraction (< 35%)
Surgery technique (on pump)

Unexposed

251
179
198
253
160

Exposed

24
82
77
22
83

HR

2.37
2.68
3.31
2.84
3.97

φ

10.5
2.2
2.6
11.5
1.9

Z1–e/2
(α=90%)

1.96
1.96
1.96
1.96
1.96

Z1–β

0.895726
3.267504
4.341907
1.360544
5.247282

γ *

0.82
0.99
0.99
0.91
0.99
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polymorphism. The power test yielded results
of 82-99% on the scoring system made.

New informations obtained from this study are:
1. Polymorphism -308 incidences on CHD patients

in this study is 8.6%.
2. CHD patients on this study had a very high TNF α

concentration before surgery.
3. Patients who died after surgery had a TNF α con-

centration lower than survivors due to decreased
production from macrophage (exhausted) or due
to myocardial infarction.

Suggestion

1. This study warrants further investigation in pin-
pointing the data of augment the TNF α in coro-
nary artery bypass surgery.

2. The scoring system need for further evaluation to
improve the prediction results.

3. The Harapan Kita Hospital as the centre of the re-
ferral system has been expected to become as the
major crossroad between service and research
which is also expected to cover immunogenetic and
epidemiology specific for the Indonesian.

References

1. Abbas KA, Lichtman AH, Pober JS (2000)
Cytokines. In: Cellular and molecular im-
munology 4th ed, pp 235-269

2. Bkaily G, D’orleans-Juste P (1999) Cytokine-
induced free radicals and their roles in myo-
cardial dysfunctions. Cardiovasc Res  42:576-
577

3. Bozkurt B (2000) Activation of cytokines
as a mechanism of disease progression in
heart failure. Ann Rheum Dis 59 Suppl
1:i90–i93

4. Cairns CB, Panacek EA, Harken AH,
Banerjee A (2000) Bench to bedside: tu-
mor necrosis factor-alpha: from inflamma-
tion to resuscitation. Acad Emerg Med
7:930-941

5. Cambien F, Poirier O, Mallet C, Tiret L
(1997) Coronary heart disease and genet-
ics in epidemiologist’s view. Mol Med To-
day:197-203

6. Ceconi C, Curello S, Bachetti T, Corti A,
Ferrari R (1998) Tumor necrosis factor in
congestive heart failure: a mechanism of
disease for the new millennium? Prog
Cardiovasc Dis 41(1 Suppl 1):25-30

7. Comini L, Bachetti T, Agnoletti L, Gaia G,
Curello S, Milanesi B, Volterrani M,
Parrinello G, Ceconi C, Giordano A, Corti
A, Ferrari R (1999) Induction of functional
inducible nitric oxide synthase in mono-
cytes of patients with congestive heart fail-
ure. Link with tumour necrosis factor al-
pha. Eur Heart J 20:1503-1513

8. Dibbs Z, Kurrelmeyer K, Kalra D, Seta Y,
Wang F, Bozkurt B, Baumgarten G,
Sivasubramanian N, Mann DL (1999)
Cytokines in heart failure: pathogenetic
mechanisms and potential treatment. Proc
Assoc Am Physicians 111:423-428

9. Boyle EM Jr, Lille ST, Allaire E, Clowes
AW, Verrier ED (1997) Endothelial cell
injury in cardiovascular surgery: athero-
sclerosis. Ann Thorac Surg 63:885-894

10. Gambaro G, Anglani F, D’Angelo A (2000)
Association studies of genetic polymor-
phisms and complex disease. Lancet
355:308-311

11. Halawa B, Salomon P, Jolda-Mydlowska
B, Zysko D (1999) Levels of tumor necro-
sis factor (TNF-alpha) and interleukin 6
(IL-6) in serum of patients with acute myo-
cardial infarction. Pol Arch Med Wewn
101:197-203

12. Herrmann SM, Ricard S, Nicaud V, Mallet
C, Arveiler D, Evans A, Ruidavets JB, Luc
G, Bara L, Parra HJ, Poirier O, Cambien F
(1998) Polymorphisms of the tumour ne-
crosis factor-alpha gene, coronary heart
disease and obesity. Eur J Clin Invest 28:59-
66

13. Herrera Garza E, Cubillos Garzon A,
Stetson SJ, Cano Nino R, Herrera Flores F,
Durand JB, Torre Amione G (1999) Tumor
necrosis factor-alpha: a mediator in the
pathogenesis of cardiac insufficiency. Arch
Inst Cardiol Mex 69:462-468

14. Higgins TL, Starr NJ, Lee JC, Beck GJ,
Estefanous FG (2000) Predicting prolonged
intensive care unit length-of-stay follow-
ing coronary artery bypass surgery. Clini-
cal Intensive Care. special issue:23-30

15. Ito M, Takahashi H, Fuse K, Hirono S,
Washizuka T, Kato K, Yamazaki F, Inano
K, Furukawa T, Komada M, Aizawa Y
(2000) Polymorphisms of tumor necrosis
factor-alpha and interleukin-10 genes in
Japanese patients with idiopathic dilated
cardiomyopathy. Jpn. Heart J 41:183-191

16. Jacobs M, Staufenberger S, Gergs U,
Meuter K, Brandstatter K, Hafner M, Ertl
G, Schorb W (1999) Tumor necrosis fac-
tor-alpha at acute myocardial infarction in
rats and effects on cardiac fibroblasts. J Mol
Cell Cardiol 31:1949-1959

17. Jibiki T, Terai M, Tateno S, Toyozaki T,
Horie H, Nakajima H, Niwa K, Niimi H
(2000) Expression of tumor necrosis fac-
tor-alpha protein in the myocardium in fa-
tal myocarditis. Pediatr Int 42:43-47

18. Jureta WH, David Maass, Jean White, Billy
Sanders (2000) Nitric oxide modulation of
TNF-α-induced cardiac contractile dys-
function is concentration dependent. Am J
Physiol 278:1955–196

19. Kadokami T, McTiernan CF, Kubota T,
Frye CS, Feldman AM (2000) Sex related
survival differences in murine cardiomy-
opathy are associated with differences in
TNF-receptor expression. J Clin Invest
106:589-597

20. Keogh BE, Kinsman R (1998) National
adult cardiac surgical database report. The
society of cardiothoracic surgeons of Great
Britain and Ireland:50-54

21. Kosar F, Varol E, Ileri M, Ayaz S, Hisar I,
Kisacik H (1999) Circulating cytokines and
complements in chronic heart failure. An-
giology 50:403-408

22. Kubota T, Bounoutas GS, Miyagishima M,
Kadokami T, Sanders VJ, Bruton C,
Robbins PD, McTiernan CF, Feldman AM
(2000) Soluble tumor necrosis factor recep-
tor abrogates myocardial inflammation but
not hypertrophy in cytokine-induced car-
diomyopathy. Circulation 101:2518-2525



Crit Care & Shock 2005 Vol. 8, No. 386

23. Wang XL, Oosterhof J (2000) Tumour ne-
crosis factor alpha G-308 à A polymor-
phism and risk for coronary artery disease.
Clin Sci 98:435-437

24. Mahdy AM, Webster NR (2000) Tumor
Necrosis Factor: roles, regulation and re-
lease. Critical Care and Shock 3:77-87

25. Marone G, de Crescenzo G, Florio G,
Granata F, Dente V, Genovese A (1999) Im-
munological modulation of human cardiac
mast cells. Neurochem Res 24:1195-1202

26. Norman RA, Bogardus C, Ravussin E
(1995) Linkage between obesity and a
marker near the tumor necrosis factor-al-
pha locus in Pima Indians. J Clin Invest
96:158-162

27. Quigley RL, Caplan MS, Perkins JA,
Arentzon CE, Alexander JC, Kuehn BE,
Hoff WJ, Wallock ME ((1995) Cardiopul-
monary bypass with adequate flow and
perfusion pressures prevents endotoxaemia
and pathologic cytokine production. Per-
fusion 10:27-31

28. Recchia FA, Bernstein  RD, Sehgal PB,
Ferreri NR, Hintze TH (2000) Cytokines
are not a requisite part of the pathophysi-
ology leading to cardiac decompensation.
Proc Soc Exp Biol Med 223:47-52

29. Russell R (1999) Atherosclerosis – an in-
flammatory disease. Mechanisms of dis-
ease. 340:115-126

30. Sasayama S, Matsumori A, Kihara Y
(1999) New insights into the pathophysi-
ological role for cytokines in heart failure.
Cardiovasc Res 42:557-564

31. Satoh M, Nakamura M, Saitoh H, Satoh
H, Maesawa C, Segawa I, Tashiro A,
Hiramori K (1999) Tumor necrosis factor-
alpha-converting enzyme and tumor necro-
sis factor-alpha in human dilated cardiomy-
opathy. Circulation 99:3260-3265

32. Sigusch HH, Lehmann MH, Schnittler U,
Reinhardt D, Figulla HR (2000) Tumour
necrosis factor-alpha expression in idio-
pathic dilated cardiomyopathy: correlation
to myocardial inflammatory activity.
Cytokine 12:1261-1266

33. Stuber F, Book M, Wetergrove S, Schroeder
S (2001) The role of genomic polymor-
phisms in sepsis. Advances in sepsis 1:58-
64

34. Torre-Amione G, Kapadia S, Lee J, Durand
JB, Bies RD, Young JB, Mann DL (1996)
Tumor necrosis factor-alpha and tumor
necrosis factor receptors in the failing hu-
man heart. Circulation 93:704-711

35. Torre-Amione G, Vooletich MT, Farmer JA
(2000) Role of tumour necrosis factor-al-
pha in the progression of heart failure:
therapeutic implications. Drugs 59:745-751

36. Turner JS, Morgan CJ, Thakrar B, Pepper
JR (1995) Difficulties in predicting out-
come in cardiac surgery patients. Crit Care
Med 23:1843-1850

37. Tuula SOK, Matti K (1996) Preoperative
Prediction of Postoperative Morbidity in
Coronary Artery Bypass Grafting. Ann
Thorac Surg 61:1740-1745

38. Wan S, Yim AP (1999) Cytokines in myo-
cardial injury: impact on cardiac surgical
approach. Eur J Cardiothorac Surg 16 Suppl
1:S107-111

39. Yudkin JS, Kumari M, Humphries SE,
Mohamed-Ali V (2000) Inflammation, obe-
sity, stress and coronary heart disease: is
interleukin-6 the link? Atherosclerosis
148:209-214

40. Zhao SP, Xu TD (1999) Elevated tumor
necrosis factor alpha of blood mononuclear
cells in patients with congestive heart fail-
ure. Int J Cardiol 71:257-261


