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The pathogenesis of post-cardiac injury syndronme was studied prospectively in 62
patients who underwent coronary bypass grafting. Preoperative and serial postoperative titres of
actin and myosin antibodies were measured by an enzyme linked immunosorbent assay.
Perioperative cumulative release of serum aspartate and alanine aminotransferases, lactate dehydrogenase, and creatine kinase was calculated by approximation formulas that are used to estimate
infarct size. Complete post-cardiac injury syndrome developed in eight (13%) patients and an
incomplete syndrome developed in 16 (26%). There was a significant correlation between
frequency and intensity of the syndrome and the ratio of postoperative to preoperative titres of
actin and myosin antibodies. Furthermore, there was a significant correlation between the cumulative release of lactate dehydrogenase, serum aspartate aminotransferase, and creatine kinase and
the number of coronary vessels that were grafted, but no correlation was found between the
incidence of post-cardiac injury syndrome and the number of coronary bypasses grafted or
between the cumulative enzyme release and the postoperative immunological response against the
major contractile proteins, actin and myosin. The amount of enzymes released during coronary
bypass surgery seems to be a good indicator of the extent of myocardial damage during operation
but it does not determine either the incidence of post-cardiac injury syndrome or the
postoperative immunological response against the main contractile proteins actin and myosin.

SUMMARY

Post-cardiac injury syndrome is a frequent complication of cardiac surgery' - 7; it is seen less often after
acute myocardial infarction,7 8 despite the generally
more severe myocardial damage produced by
infarction. Furthermore, post-cardiac injury syndrome was found to be significantly more frequent
after valve replacement surgery than after coronary
bypass operation.69 According to Engle et al more
severe myocardial damage after valve replacement
explains this observation.9 Aortic valve replacement
gives rise to a greater cumulative enzyme release of
creatine kinase, creatine kinase MB, and a hydroxybutyrate dehydrogenase than coronary artery bypass
grafting which in turn gives rise to greater cumulative enzyme release than mitral valve replacement.10o 1 Thus the reason for the significantly

higher frequency of post-cardiac injury syndrome
after valve replacement surgery than after coronary
artery bypass grafting remains controversial. De
Scheerder etal demonstrated that the difference in
occurrence of post-cardiac injury syndrome after
cardiac surgery and acute myocardial infarction correlated well with the difference of post-cardiac
injury humoral immune response against myocardial tissue and the major contractile proteins,
actin and myosin,7 suggesting that this immune
response is important in the pathogenesis or postcardiac injury syndrome.
We have studied the correlation between the tissue damage during coronary artery bypass grafting,
estimated by calculation of the cumulative enzyme
release, and the postoperative immune response
against the contractile proteins.
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Patients and methods
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PATIENTS

We studied 62 patients (10 women and 52 men, aged
440
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CUMULATIVE ENZYME RELEASE

Serum samples for measurement of cumulative
enzyme release were collected every eight hours during the first 72 hours postoperatively and then every
day during the next-week. Enzymes (serum aspartate
and alanine aminotransferases, lactate dehydrogenase, and creatine kinase) were determined
immediately after centrifugation. Serum aspartate
and alanine aminotransferases, and lactate dehydrogenase were assayed by methods described by
the German Clinical Chemistry Society (1970) by
means of test kits (Boehringer, 258784, 258822, and
543039 respectively). Creatine kinase was assayed by
means of a creatine kinase N-acetyl cysteine activated method (Boehringer test kit 475734) described
by Szasz et al."2 Cumulative enzyme release during
operation was estimated from the approximation
formulas that are used to calculate the area under the
curve of the enzyme activity as a function of time
from the start of the operation until the return to
normal concentrations. A period of 24 h was taken as
an arbitrary unit on the X axis and enzyme release
was calculated as described by Roberts et al. 13
IMMUNOLOGICAL RESPONSE TO ACTIN AND
MYOSIN

Serum samples for the detection of actin and myosin
antibodies were collected before operation and from
1 to 60 days postoperatively. Serum samples were
stored at - 20'C and analysed blindly within 10
months.
The indirect enzyme linked immunosorbent assay
was used to measure actin and myosin autoantibodies."4 Rabbit muscle heavy meromyosin
(200 ig/ml) (Sigma) and bovine cardiac actin
(200 gg/ml), prepared according to Spudich and
Watt,15 were coated overnight at 4°C on to glutaraldehyde coated immunobeads (Plastic Ball
Company) in phosphate buffered saline solution
(0 15 mol/l, pH 7-2). Sera were added in a 1/250
dilution in the phosphate buffer and incubated at
37°C for 2 h. After washing with phosphate
buffer/Tween 20 0.05%/gelatine 0-25%, alkaline
phosphatase conjugated goat polyclonal antihuman
IgG (Sigma) was added in a dilution of 1/1000 and
incubated at 37°C for 2 h. After washing, the activity
of the bound enzyme was measured in an assay with
p-nitrophenylphosphate disodium (Sigma) as sub-

STATISTICS

The correlation between the clinical classification of

post-cardiac injury syndrome and the postoperative
immunological response was calculated by means of
the Kruskal-Wallis analysis, and the correlation
between the clinical classification post-cardiac
injury syndrome and the number of coronary
bypasses grafted was calculated by the x2 test. We
used regression analysis to determine the correlation
between cumulative enzyme release, the number of
coronary bypasses grafted, and the postoperative
immunological response.
Results
POST-CARDIAC INJURY SYNDROME

The 62 patients were divided into three groups
according to their clinical features. Group 1 consis2 4u
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Fig 1 Correlation between the clinical classification
of the post-cardiac injury syndrome (PCIS) and the
ratio ofpostoperative to preoperative titres of actin
antibody. P value was calculated by Kruskal-Wallis
one way analysis of variance by ranks.
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45-72 years (mean 53)) who underwent coronary strate. The reaction was stopped by the addition of
aortic bypass grafting for chronic ischaemic heart 1 mol/l of sodium hydroxide. The absorbance was
disease during a nine month period. The numbers of measured on a Vitatron spectrophotometer at a
patients and vessels grafted was as follows: 8 wavelength of 410nm. The postoperative immupatients, 1 graft; 10 patients, 2 grafts; 20 patients, 3 nological response was calculated from the postgrafts; 15 patients, 4 grafts; 7 patients, 5 grafts; 1 operative:preoperative ratio of actin and myosin
patient, 6 grafts; and one patient, 7 grafts.
antibodies (IgG).
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Table 1 Correlation between the clinical classification of
post-cardiac injury syndrome (PCIS) and the number of
coronary bypasses grafted
No of grafts

No PCIS

1
2
3
4
5
6
7
Total

4
5
14
9
5
0
1
38

Incomplete PCIS PCIS
3
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2
2
2
1
0
0
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tures of post-cardiac injury syndrome after the first
.0
postoperative week, that is fever, pericarditis, and
0.0
laboratory evidence of inflammation. Group 2 was
12made up of 16 patients who showed two of the main
features (incomplete syndrome), and group 3 was
made up of 38 patients who fulfilled one or none of
p<0-001
the main features (no syndrome).
n Ft
Figures 1 and 2 show that there was significant
PCIS
Incomplete PCIS No PCIS
direct correlation between the intensity of postcardiac injury syndrome and the postoperative
Fig 2 Correlation between the clinical classification
immunological response against actin and myosin.
of the post-cardiac injury syndrome (PCIS) and the
There was no significant correlation between the
ratio of postoperative to preoperative titres of myosin
antibody. P value was calculated by Kruskal- Wallis
frequency and intensity of post-cardiac injury synone way analysis of variance by ranks.
drome and the number of coronary arteries grafted
(table 1).
Table 2 shows that there was a significant cor- postoperative concentrations of actin and myosin
relation between the number of coronary arteries antibodies.
grafted and the cumulative release of serum aspartate aminotransferase (p < 0.05), lactate dehydro- Discussion
genase (p < 0-03), and creatine kinase (p < 0 05),
but not of serum alanine aminotransferase. The Post-pericardiotomy syndrome is characterised by
cumulative release of heart specific (MB) creatine the persistence after the first postoperative week of
kinase was not measured after bypass surgery fever, leucocytosis, and signs of pericardial and often
because we considered only the variables associated pleural reaction, frequently with effusion and pneuwith total tissue damage. There was no significant monitis.4 5 A similar illness, post-myocardial
correlation between cumulative enzyme release and infarction syndrome, was first described by Dressler
-
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Table 2 Correlation between the number of coronary bypasses grafted and the cumulative enzyme release (mean (range))

1
2
3
4
5
6
7

No of cases

AST (U/l)

ALT (U/l)

LDH (U/i)

CK (U/l)

8
10
20
15
7
1
1

142 (91-231)
162 (99-224)
196 (136-283)
229 (123-325)
348 (179-725)
386
312
p = 0-049

99 (70-130)
99 (68-134)
124 (72-342)
116 (52-146)
134 (81-174)
183
134
p = 0-288

1096 (782-1687)
1380 (1130-2036)
1594 (1192-1928)
1963 (1279-2133)
2148 (1270-4426)
2267
2253
p = 0-028

1863 (1084-2632)
2283 (1058-3145)
2924 (1504-4294)
3672 (2404-13068)
4006
3874
p = 0-046

1573 (1138-2742)

p values by regression analysis.
AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; CK, creatine kinase.
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et al.6 -18 The prevalence after acute myocardial cardiac surgery than after acute myocardial
infarction varies from 0% to 6% in different stud- infarction; there was a clear correlation between the
ies.8 19- 24 Because other forms of cardiac injury also clinical intensity of post-cardiac injury syndrome
give rise to a similar complication, this syndrome is and the titres of specific autoantibodies against actin
now generally called post-cardiac injury syn- and myosin.
drome.25
We found no correlation between the number of
Although these syndromes are strikingly similar coronary arteries grafted and the degree of postand have been well defined clinically, their patho- cardiac injury syndrome. Nor was there a significant
genesis remains unclear. Soloff et al initially correlation between the cumulative enzyme release
described post-cardiac injury syndrome after mitral after coronary bypass operation and the postcommissurotomy.26 The cause was originally operative immunological response against the major
thought to be a reactivation of rheumatic fever. Sub- contractile proteins, actin and myosin. Although
sequently, however, the syndrome was reported there were considerable individual differences in
after various operations in which the pericardium cumulative enzyme release after coronary bypass
was entered, and the name postpericardiotomy syn- surgery, a significant correlation between the cumudrome was suggested by Ito et al.27 They suggested lative enzyme release and the number of coronary
hypersensitivity to blood in the pericardial cavity as arteries grafted was demonstrated in our study.
the pathogenic mechanism. In children and adults Cumulative enzyme release as calculated in our
Engle et al found significant correlations between study is not entirely determined by the amount of
the development of post-cardiac injury syndrome enzymes leaking from the affected area of the heart
and high titres of heart antibodies and a rise in the into the circulation; other tissue damage during
titres of antibodies to one or more viruses that were operation may be involved.
The humoral immunological response to actin and
prevalent in the community.49 Furthermore, they
found significant correlations between the incidence myosin is also triggered by contractile proteins from
of post-cardiac injury syndrome, heart antibodies, all sources. Tissue damage causing the release of
and the type of operation. After heart operation in enzymes and contractile proteins originates mainly
children Engle et al found that post-cardiac injury in myocardium tissue, however, and other sources
syndrome was most common in those operated on are unlikely to have affected the results of this study
because of tetralogy of Fallot and ventricular septum to a great extent. Our results strongly suggest that
defect with other anomalies.28 The potential for the amount of enzyme release during coronary
myocardial trauma during both these operations is bypass surgery, which is a good indicator of myohigh because they entail a right ventriculotomy and cardial damage during the operation, does not deterresection of obstructing musculature in the outflow mine the frequency of post-cardiac injury syndrome
tract of the right ventricle.
after coronary bypass surgery nor does it determine
In adults post-cardiac injury syndrome occurred postoperative humoral immune response.
less often after coronary artery bypass grafting than
Other exogenous factors may influence the postafter cardiac surgery for valve replacement.9 Again operative immune response and the occurrence of
it was thought that there was more opportunity for post-cardiac injury syndrome. These include condamage to the heart muscle when the aortic valve, current viral infection which may trigger immune
mitral valve, or both valves were replaced than after response,4 exposure to air or to chemicals (disingrafting of the coronary arteries on the surface of the fectants) which may denature a fraction of the
released proteins so that they become more immuheart.
In conclusion, the incidence of post-cardiac injury nogenic than the native molecules, or the action of
syndrome was correlated with the magnitude of anaesthetic agents which may change immune
heart injury during operation. De Scheerder et al response and the way in which antigens are
also found that post-cardiac injury syndrome was presented to the immune system.
Other, and possibly more important, intrinsic facmore common after valve replacement operation
than after coronary artery bypass grafting6 7 but tors influencing individual immune response should
they demonstrated a significantly higher frequency also be investigated so that the postoperative
of post-cardiac injury syndrome after cardiotomy immune responses and the pathogenesis of postthan after acute myocardial infarction despite the cardiac injury syndrome may be better understood.
fact that acute myocardial infarction generally
causes greater myocardial damage. These clinical I De S is a research associate of the Belgian National
results accord with the immunological reaction Fund for Scientific Research (NFWO). This
against heart muscle and the major contractile pro- research was supported in part by the Belgian
teins, which was significantly more important after National Fund for Scientific Research (NFWO).
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