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Abstract
Objectives: Associations between cardiovascular diseases

and serum enzymes or coagulation activities have been
sufficiently documented in patients with myocardial
infarction. However, the alterations of these biomarkers in
patients with postinfarction myocardial rupture have rarely
been reported. The aim of this study is to present the profiles
of the markers in patients with postinfarction myocardial
rupture.

Methods: From 2004 to 2008, 19 consecutive patients were
referred to this hospital for surgical repair of postinfarction
myocardial rupture. Eight (42.1%) patients had free wall
rupture, five (26.3%) had papillary muscle rupture, five
(26.3%) had ventricular septal rupture, and one (5.3%) had
double structure (ventricular septum + free wall) rupture.
Thirteen patients survived the operation, and six died.
Laboratory findings including serum enzymes and
coagulation activities were collected and analyzed.

Results: The coagulation markers and serum enzymes
except for fibrinogen increased significantly after the
development of myocardial rupture. Statistical differences
in D-dimer, partial thromboplastin time, peak lactate
dehydrogenase, peak creatine kinase and creatine kinase
fraction MB were found between non-survivors and survivors.
Troponin I values were elevated significantly during the
early days after the onset or surgical repair of myocardial
rupture. Multivariant regression analysis did not show any
significant relationship between creatine phosphokinase
fraction MB (Y) and D-dimer (X1) or fibrinogen (X2).

Conclusion: Myocardial rupture leads to extremely high
serum enzyme and coagulation activities except for
fibrinogen after the onset. The evaluation of these
biomarkers may help in making diagnostic and treatment
decisions and in judging the clinical prognosis of such
patients.

Descriptors: Blood Coagulation Factors. Cardiac Surgical
Procedures. Enzymes. Heart Rupture, Post-Infarction.
Myocardial Infarction.

Resumo
Objetivo: As associações entre doenças cardiovasculares

e enzimas sorológicas ou atividades de coagulação foram
amplamente documentadas em pacientes com infarto do
miocárdio. No entanto, as alterações destes biomarcadores
em pacientes com ruptura cardíaca após infarto do miocárdio
foram raramente relatadas. O objetivo deste estudo é
apresentar o perfil dos biomarcadores em pacientes com
ruptura cardíaca após infarto do miocárdio.

Métodos: De 2004 a 2008, 19 pacientes consecutivos foram
referidos a este hospital para correção cirúrgica de ruptura
cardíaca após infarto do miocárdio. Oito (42,1%) pacientes
tiveram ruptura livre de parede, cinco (26,3%) ruptura de
músculo papilar, cinco (26,3%) ruptura do septo
interventricular e um (5,3%) ruptura dupla de estruturas,
envolvendo tanto septo ventricular como parede livre. Treze
pacientes sobreviveram à operação e seis faleceram.
Amostras sanguíneas foram coletadas e analisadas para
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INTRODUCTION
 
In the event of myocardial damage secondary to acute

myocardial ischemia, intracellular cardiac proteins and
enzymes are released into the circulation via cardiac cell
membranes [1,2]. Patients with postinfarction myocardial
rupture, a severe complication of acute myocardial infarction,
often develop rapid hemodynamic deterioration [3], and are
usually associated with more extensive myocardial damage
[4], the assessment of which has not been fully conducted in
a way similar to that of the myocardial infarction.

The prevalence of myocardial rupture is rare, many
patients could not survive longer, and therefore a careful
evaluation becomes difficult and impractical. In the
evaluation of myocardial rupture, enzymes such as peak
serum creatine phosphokinase (CPK) and cardiac troponins
seem to be the most commonly utilized biomarkers [5,6]. In
addition, cytokines and signal transduction proteins have
drawn much attention with regard to assessment of
myocardial protection efficacy [7]. Nevertheless, the
myocardial damage of postinfarction myocardial rupture
has not been sufficiently elucidated.  In this article, it is our
purpose to summarize and analyze the pertinent laboratory
measurements of our patients with postinfarction
myocardial rupture after the onset.

 
METHODS
 
Patient Information
From 2004 to 2008, 19 consecutive patients refering to

The Chaim Sheba Medical Center for surgical repair of
postinfarction myocardial rupture were enrolled into this
retrospective study. A female patient developed myocardial
rupture in the Department of Cardiology of our hospital; a
male patient had myocardial rupture on the operating table
for an elective coronary artery bypass surgery. All other
patients were sent to this hospital immediately based on an
established diagnosis of myocardial rupture in the local

clinics. The interval between the onsets to surgical operation
varied from a few minutes to a few hours, usually within 12
hours. Eight (42.1%) patients had free wall rupture, 5 (26.3%)
had papillary muscle rupture, 5 (26.3%) had ventricular septal
rupture, and one (5.3%) had double structure (ventricular
septum + free wall) rupture. Thirteen patients survived the
operation, and six died. Heparin was used during the
cardiopulmonary bypass, and cryoprecipitates, platelet
concentrates and fresh frozen plasma were used after the
surgery, in all patients; while fibrinolytics was unnecessarily
used. The intramuscular injection was not practiced.

Diagnostic Criteria of Postinfarction Myocardial
Rupture

1) A recent onset of ECG-/enzyme-evidenced acute
myocardial infarction [8,9];

2) A previous history of systemic hypertension [8];
3) A new heart murmur associated with a thrill [9,10];
4) Progressive hemodynamic deterioration (refractory

hypotensive condition, pulmonary edema, left heart failure,
cardiogenic shock) usually within 6 hours after the onset of
acute myocardial infarction, and mechanical ventilation and
intra-aortic balloon counterpulsation are often required [8];

5) Echocardiographic or magnetic resonance imaging
signs of myocardial rupture and (or) pericardial effusion, or
tamponade [11-13]; and,

6) In case of papillary muscle rupture, severe mitral
incompetence could be visualized on echocardiography [14].

Observations
Laboratory findings of serum enzymes and coagulation

activities [aspartate aminotransferase (AST), lactate
dehydrogenase (LDH), CPK, creatine phosphokinase
fraction MB (CK-MB), international normalized ration (INR),
partial thromboplastin time (PTT), D-dimer and fibrinogen],
and troponin I were collected and statistically analyzed.
Serum AST, LDH, INR and PTT were kinetically presented.
Comparisons of the biomarkers and between free wall

mensuração de enzimas sorológicas e atividade de
coagulação.

Resultados: Os marcadores de coagulação e enzimas com
exceção de fibrinogênio aumentaram significativamente
depois do desenvolvimento da ruptura do miocárdio.
Diferenças estatísticas foram achadas entre não-
sobreviventes e sobreviventes em relação a concentração de
dímeros-D, tempo de trombina, pico de lactato desidrogenase,
creatinoquinase máximo e fração MB da creatinoquinase.
Os valores de troponina I foram elevados significativamente
durante os primeiros dias depois do infarto ou do reparo
cirúrgico da ruptura do miocárdio. A análise de regressão
multivariada não mostrou qualquer relação significativa

entre fração MB da creatinoquinase e dímeros-D nem
fibrinogênio.

Conclusões: A ruptura do miocárdio induz importante
elevação de marcadores enzimáticos e de atividade de
coagulação, exceto fibrinogênio. As diferenças nestes
biomarcadores entre não-sobreviventes e sobreviventes
podem ser de grande ajuda no diagnóstico e nas decisões de
tratamento, assim como na avaliação do prognóstico clínico
de tais pacientes.

Descritores: Fatores de Coagulação Sanguínea.
Procedimentos Cirúrgicos Cardíacos. Enzimas. Ruptura
Cardíaca Pós-Infarto. Infarto do Miocárdio.
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rupture, ventricular septal or papillary muscle rupture, and 
between the survivors and non-survivors were made.
Multivariant regression analysis was  applied between CK-
MB and D-dimer or fibrinogen.

Statistics
All the biomarkers mentioned above including serum

AST, LDH, CPK, CK-MB, INR, PTT, D-dimer and tropinin
I were expressed as means ± SDs. Unpaired t-tests were
used in comparative analyses by using t-test calculator at
http://www.graphpad.com/quickcalcs/ttest1.cfm. Two-
tailed P-values <0.05 were considered to be statistically
significant.

 
Ethics
This retrospective study was approved by the Helsinki

Committee of The Chaim Sheba Medical Center with an
approval number of SMC-7439-09.

 RESULTS
 
The coagulation and serum enzyme activities increased

significantly a few hours after the onset of myocardial
rupture except for fibrinogen (Table 1).

Both AST and LDH peaked at day 1 after myocardial
rupture, decreased significantly on day 2, and returned to
baseline since day 4 (Figures 1 and 2).  INR started to rise
on day 3, reached a peak value on day 6, and approximated
normal value on day 14 (Figure 3). PTT peaked on day 2,
and declined gradually since day 3 (Figure 4).

Perioperative troponin I values of eight of these 19
patients were available for evaluation. Two days before the
onset of myocardial rupture, the patients troponin was 12.3331
µg/L, from the onset day to the 2nd day after the onset, troponin
increased to 0.769-201 (mean 79 ± 32.25, median 4.59) µg/L,
14-20 days after the onset and surgical repair, troponin values
decreased to 0.154-1.2 µg/L (Table 2).

Fig. 1 - Kinetics of serum aspartate aminotransferase after
myocardial rupture

Fig. 2 - Kinetics of serum lactate dehydrogenase after myocardial
rupture

Table 1. The coagulation markers and serum enzymes after myocardial rupture.

Marker
D-dimer (ng/ml)
Fibrinogen (mg/dl)    
Partial thromboplastin time (sec)
Peak AST (U/L)
Peak LDH (U/L)
Peak CPK (U/L)
CK-MB (U/L)
CK-MB (%)
Troponin I (µg/ml)

Mean ± SD
1460.67 ± 2117.53
329.5 ±136.54     

 46.5 ±46.1    
458.33 ± 992.17

1399.06 ± 1791.12
 2356.55 ± 3428.40

182.95 ± 236.47
12.75 ± 4.15

47.00 ± 77.83

Range
184–6535 
179-619   

12-130
29-4243

349-5705
52-11255 
20.1-810.6

7.8-22.6
1.03-201

Normal limit
<20-200
200-400

23-31
7-40

100-260
<10-190

0-25
0-6

<0.02-0.07

AST = aspartate aminotransferase; CK-MB = creatine phosphokinase fraction MB; CPK = CPK = creatine
phosphokinase; LDH = lactate dehydrogenase
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Fig. 4 - Kinetics of partial thromboplastin time after myocardial
ruptureFig. 3 - Kinetics of international normalized ratio after myocardial

rupture

Table 2. Troponin values of the patients with myocardial rupture.

Patient  serial No.

3
9
11
13
14
17
10
16

Type of rupture

free wall rupture
free wall rupture
free wall rupture
free wall rupture
free wall rupture
free wall rupture

papillary muscle rupture
ventricular septal rupture

Day of troponin detection after the onset of
myocardial infarction

14
2

20
0
1
-2
0
0

Results (µg/L)

1.2
53.6
0.154
10.28
3.785

12.3331
0.769/1.03

201

Table 3. A comparison of the the hemostatic markers and creatine kinase fraction MB between free wall rupture and
papillary muscle rupture or ventricular septal rupture.

Markers

D-dimer (ng/ml)
Fibrinogen (mg/dl)
Partial thromboplastin time (sec)
CK-MB (U/L)

Free wall rupture

1810 ± 2585.16
278.17 ± 112
49 ± 46.35

76.26 ± 41.98

Papillary muscle rupture or ventricular
septal rupture

514.75 ± 358.36
420.80 ± 131.93

26.6 ± 30.43
436.07 ± 329.36

P value

0.3576
0.0840
0.3799
0.0435

CK-MB = creatine phosphokinase fraction MB
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Table 5. Peak serum CPK levels of postinfarction myocardial rupture patients reported previously.
Postinfarction myocardial rupture
Free wall rupture
Free wall rupture (12 hours after onset)
Free wall rupture (blow-out)
Papillary muscle rupture
Ventricular septal rupture
Double structural rupture

Peak serum CPK (U/L)
1168 (332-2140)

4262
12199
1192

1100 (412-2145)
? (689-3897)

Ref.
[16]
[17]
[5]

[18]
[16]
[19]

CPK = creatine phosphokinase

The coagulation markers did not show any significant
difference between free wall rupture and ventricular septal
or papillary muscle rupture, with a PTT value of the latter
within the normal limit. In addition, a difference was noted
in serum CK-MB between free wall rupture and the other
two types of ruptures (Table 3).

Statistical differential significances were found in D-
dimer, PTT, peak LDH, peak CPK and CK-MB between non-
survivors and survivors; while no differences were
disclosed in fibrinogen and peak AST between patients
with different prognosis (Table 4).

Multivariant regression analysis did not show any
significant relationship between CK-MB (Y) and D-dimer
(X

1
) or fibrinogen (X

2
) (Y = -40.967 – 0.00433 X

1
 + 0.629 X

2
,

R = 0.577, R2 = 0.333, Adjusted R2 = 0.000, P = 0.445).
 
DISCUSSION

Serum enzymes, including AST, LDH, CPK, CK-MB, and
cardiac troponin, etc., have been sufficiently elucidated as
cardiac markers indicative of myocardial damage following
acute myocardial infarction [15]. However, among these
biomarkers, merely peak CPK was commonly reported as
an indicator for the evaluation of myocardial rupture
secondary to myocardial infarction.

Peak CPK levels were different between postinfarction
patients with and without myocardial rupture (4778 ± 3575
vs. 2461 ± 2661 U/L, P = 0.005). A significant elevation of
peak CPK have been found in patients with postinfarction
myocardial rupture irrespective of the type of the rupture
with a maximal reported value of 12199 U/L (Table 5). We
noted an analogous peak CPK value which amounted to
11255 U/L the second day in a patient with free wall rupture
which developed on the operating table for a scheduled
coronary artery bypass.  

Feneley et al. [16] did not find significance in peak serum
CPK between the survivors and non-survivors of patients
with postinfarction ventricular septal rupture (1059 ±173
U/L vs. 1220 ±160 U/L, NS). But we did on the contrary.
Besides, we also observed 3-10 folds differences in D-dimer,
peak LDH, and CK-MB between the non-survivors and
survivors. Our findings disclosed fibrinogen and peak AST
were lack of statistical significance.

The biological aspects of troponins have been clarified
in detail. Troponins are mostly located in intact myofibers
and only very small amount are free in the cytoplasm [20].
Of the three isoforms troponins I, T and C, troponin C are
lack of cardiac specificity [21]. Instead, troponins I and T
have shown high specificity and sensitivity for an early
diagnosis of coronary artery disease [22], even in patients

Table 4. A comparison of the the hemostatic markers and serum enzymes between non-survivors and survivors.
Markers
D-dimer (ng/ml)
Fibrinogen (mg/dl)
Partial thromboplastin time (sec)
Peak AST (U/L)
Peak LDH (U/L)
Peak CPK (U/L)
CK-MB (U/L)

Non-survivors
3668 ± 2968.39
 301.40 ±117.69

87 ± 47.73
759.44 ± 1369.71
2665 ± 2436.54

5598.75 ± 4104.10
282.08 ±314.34

Survivors
356.40 ± 373.54
370.83 ± 163.86

18 ± 6.96
157.22 ± 108.45
593.45 ± 236.69
503.86 ± 394.50

83.55 ± 28.19

P value
0.0384
0.4499
0.0261
0.2071
0.0116
0.0079
0.0453

AST = aspartate aminotransferase; CK-MB = creatine phosphokinase fraction MB; CPK = creatine phosphokinase;
LDH = lactate dehydrogenase
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