
Abstract Two series of experiments have been carried
out on heart tissue for the occurrence of post-mortem and
intravital myocardial damage. The first series was carried
out on 18 porcine hearts collected immediately after the
pigs were killed in a slaughterhouse. The hearts were sub-
jected to stab wounds post-mortem, varying between 5 min
and 140 min after death. The second series investigated
were human hearts with intravital damage, i.e. 4 stab
wounds, 1 gunshot, 13 contusions and ruptures. The time
the trauma occurred before death varied between 0 and 
30 min. The investigation comprised the four myocyte
structural proteins myoglobin, FABP, troponin C, desmin
and the three plasma proteins fibrinogen, fibronectin and
C5b-9. Both series exhibited a variety of direct traumatic
changes with a much broader zone in vital damage com-
pared to post-mortem damage. In vital damage the zone of
direct damage is in continuity with a further zone of indi-
rect damage which is a three dimensional network. The
signs of damage are contraction bands, depletion of struc-
ture antigens, contraction-associated accumulation of struc-
ture proteins, accumulation of plasma proteins on the cell
surfaces and in the interstitium. In vital damages there is
in addition an intrasarcolemmal accumulation of plasma
proteins. The pattern of all damage is much broader and
much more variegated in vital damage, thus vital damage
can be clearly differentiated from post-mortem damage.
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Introduction

A series of immunohistochemical markers have recently
been reported which are useful for the diagnosis of acute
myocardial infarction (AMI) and include C5b-9, myoglo-

bin, heart-type fatty acid binding protein (FABP), troponin,
desmin, fibrinogen and fibronectin (Amberg 1995; Brink-
mann et al. 1993; Glatz et al. 1994; Kleine et al. 1993;
Leadbetter et al. 1989; Ortmann et al. 2000a, 2000b; Osuna
et al. 1998; Thomsen and Held 1994, 1995). The aim of the
present study was to elaborate reaction patterns of these
marker proteins in mechanical heart trauma induced ante-
and post-mortem and to explore their value for wound age
determination in forensic casework.

Materials and methods

Series 1

A total of 18 porcine hearts were obtained from a slaughterhouse.
Immediately after exenteration the hearts were incubated in donor
blood diluted (2:1) with 0.9% saline solution at room temperature
for 20 h followed by fixation in 4% buffered formalin for 24 h and
then sectioned and embedded in paraffin. During a time interval
between 5 and 140 min post-mortem, transmural stab wounds were
inflicted to the left ventricle (Table 1). A cut injury to a porcine heart
caused operatively 1 h pre-mortem was used as the positive control
sample.

Series 2

In 18 deaths due to trauma (Institute of Legal Medicine, Münster,
1994–2000) with fatal heart injuries (4 stab wounds, 1 gunshot
wound and 13 contusions with ruptures), the time interval between
trauma and cardiac arrest was estimated by evaluation of clinical
data, case history and gross pathology (Table 2). Myocardial sam-
ples from these cases were fixed in buffered formalin for a period
of 1–7 days, sectioned and paraffin embedded.

Immunohistochemistry (IH)

The antibodies, working dilutions, pre-treatment procedures and in-
cubation times are shown in Table 3. Pre-treatment procedures and
visualisation steps were processed as described before (Ortmann
and Brinkmann 1997).

Evaluating the IH reaction

The intensity and extent of the staining reactions were scored semi-
quantitatively. Structural antigens (troponin C, FABP, myoglobin
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and desmin) with loss, displacement or depletion and plasma anti-
gens (fibrinogen, fibronectin and C5b-9) with intrasarcolemmal de-
position, were graded as negative (–), weak but distinct (+) and
strong reaction (++).

Single cells or cell groups isolated by the trauma and trans-
ferred into the area of the rupture did not influence the grading of
the IH.

Results

The IH gave positive results for all antibodies applied in the
vitally injured porcine control sample. However, compared
to the human samples the staining intensity of the struc-
ture antigens was generally weaker.
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Table 1 Results of the analy-
sis of porcine heart wounds 
(a. m. ante-mortem, p. m. post-
mortem infliction)

Number Wound age Con- Myo- FABP Tro- Desmin Fibro- Fibrino- C5b-9
of cases traction globin ponin C nectin gen
(n = 18) bands

1 60 min a. m. ++ ++ ++ ++ ++ ++ ++ ++
3 5–10 min p. m. ++ ++ ++ ++/+ + – – –
2 10–20 min p. m. ++ ++/+ + +/– +/– – – –
2 20–30 min p. m. + + +/– – – – – –
2 30–40 min p. m +/– – – – – – – –
8 40–140 min p. m. – – – – – – – –

Table 2 Case history and results of the antigen reactions (CPR professional cardiopulmonary resuscitation attempts, autolysis time be-
tween death and autopsy)

Case Wound Mechanical traumatisation Auto- Age Myo- FABP Tro- Desmin Fibro- Fibrino- C5b-9
age a. m. lysis (sex) globin ponin C nectin gen
(min) (h)

1 0 Aeroplane accident, rupture of all 17 51 (M) ++ ++ ++ + – – –
cardiac chambers

2 0 Traffic accident, impalement injury 22 24 (M) ++ ++ ++ ++ – – –
with disconnection of heart

3 5 Traffic accident, rupture of all 20 22 (M) ++ ++ + – – – –
cardiac chambers

4 5 Traffic accident, dismemberment 96 47 (F) ++ ++ ++ ++ – – –
of heart

5 5 Traffic accident, severe rupture 24 13 (M) ++ ++ ++ ++ – + –
of cardiac septum, right atrium 
and pulmonary artery

6 5 Gunshot, disrupted left ventricle 45 56 (M) ++ ++ ++ + + + –
7 5 Traffic accident, global contusion 55 18 (M) ++ ++ ++ ++ – – –

with ruptures of both ventricles
8 5 Transmural stab across both atria 18 30 (M) ++ ++ ++ + + + –
9 5 Transmural stab of left ventricle 14 30 (M) ++ ++ ++ ++ ++ ++ –

10 10 Traffic accident, contusion with 14 44 (F) ++ ++ ++ + ++ ++ –
ruptures of both atria

11 20 Traffic accident, contusion with 36 68 (M) ++ ++ ++ ++ + + –
rupture of right ventricle

12 20 Fall, contusion with epicardial  48 38 (F) ++ ++ ++ + + + –
rupture over right ventricle

13 20 Traffic accident, contusion with 10 17 (F) ++ ++ ++ + ++ ++ +
rupture of right atria and right 
coronary artery

14 20 Traffic accident, contusion with 102 26 (M) ++ ++ ++ ++ ++ ++ ++
ventricular intramural ruptures  
and bleeding

15 10 Traffic accident, contusion and 40 38 (M) ++ ++ ++ + ++ ++ –
(+CPR) rupture of right atrium

16 10 Transmural stab of left ventricle, 21 30 (M) ++ ++ ++ ++ ++ ++ –
(+CPR) tamponade

17 30 Transmural stab of left ventricle 13 21 (M) ++ ++ ++ + + + –
(+CPR)

18 30 Fall, contusion and intramural 25 18 (M) ++ ++ ++ ++ ++ ++ ++
(+CPR) ruptures



Post-mortem infliction

The porcine control samples exhibited two types of tissue/
cell damage, i.e. cut-related and death-related. The cut-
related damage was a narrow zone surrounding the cut
surface, 2–3 myocytes wide. This zone contained slight

eosinophilia of the cut surface, discontinuities of myocytes
and contraction bands (Fig.1a). The structure proteins
myoglobin, FABP, troponin C and desmin showed either
depletion or, in contracted myocytes, accumulation. The
process of depletion and accumulation of the four proteins
showed a sequence in relation to time, i.e. myoglobin was
the first to show depletion and the last to show accumu-
lation and the sequence was: myoglobin – FABP – tro-
ponin C – desmin (Table 1, Fig.1c,d). The aforemen-
tioned changes started to occur at the earliest post-mortem 
(p. m.) time interval tested (5 min p. m.) and did not oc-
cur in p. m. times of trauma infliction later than 40 min
(Table 1). This direct zone of damage also showed accumu-
lation of fibrinogen and fibronectin but only on the cut sur-
face and between the myocytes and not in the sarcolemma.
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Table 3 Panel of antibodies used in this study

Antibody Autoclave Proteinase K Incubation time Concentration 
pre-treatment pre-treatment of primary antibody, of primary 

temperature antibody

Fibrinogen, (rabbit anti-human, DAKO) – – 60 min, 20°C 1:2,000
Fibronectin (rabbit anti-human, DAKO) – 30 min 30 min, 20°C 1:1,000
Desmin (rabbit anti-chicken, Sigma) + 10 min 60 min, 20°C 1:80
Myoglobin (rabbit anti-human, DAKO) + 10 min 60 min, 20°C 1:500
C5b-9 (mouse anti human, DAKO) + 10 min 16 h, 4 °C 1:25
Troponin C (rabbit anti-human, Novo Castra) + – 60 min, 20°C 1:100
FABP (rabbit anti-human) + 10 min 60 min, 20 °C 1:400

Fig.1 a Stab wound (top) of a porcine heart at 10 min p. m. show-
ing a layer 2–3 cells thick with contraction bands and blood in the
stab canal (Ladewig, 200 × magnification). b Visualisation of fi-
bronectin reveals adhesions on the surface of the myocytes of cut
edges10 min p. m. and no intrasarcolemmal deposition. c Deple-
tion and some clumped accumulation of troponin C within the
zone of post-mortem contraction bands (stab wound left), 10 min
p. m. d Contraction bands with distinct depletion of FABP (stab
wound left) 10 min p. m.

a b

c d



Also C5b-9 sometimes showed a weak reaction on the cut
cell surfaces. Independent of the cut/stab wound there ex-
isted single cell damage scattered diffusely with weak ac-
cumulation of fibrinogen/fibronectin in isolated cells par-
ticularly in the subendocardial zone accompanied by focal
depletion of structure antigens as death-related myocar-
dial damage.

Vital infliction

In cases of vital mechanical heart damage the traumatised
zones were much broader than in p. m. trauma infliction es-
pecially in the ruptures and the gunshot but also in the stab
wounds (Fig.2a versus Fig.1d and Fig.2b versus Fig.1c).
In the vital cut/stab wounds one could distinguish two af-
flicted zones. The direct zone which had the same relation-
ship to the wound as in p. m. infliction but which was much

broader, i.e. 8–10 cells thick. This zone was in continuity
with an indirect zone which formed a three dimensional
network of comparable changes in the form of a network
of approximately the same width as the direct zone (Figs. 2a,
3). Contraction bands, tearing, fibre rupture and disintegra-
tion of myocytes were pronounced. In contrast to the p. m.
infliction there occurred haemorrhages with paravasal eryth-
rocyte extravasations. Furthermore, a leucocytic sticking
was detected inconsistently and intravascularly after some
minutes of vital wound infliction but a clear leucocytic in-
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Fig. 2 a Case 16 (Table 2), vital infliction, heavy depletion of FABP
of a wide irregular zone around the stab wound (25 × magnifica-
tion, stab wound horizontal in the middle), 10 min a.m. b Case 16
(Table 2), heavy depletions of troponin C (stab wound right). c Case
16 (Table 2), accumulation of fibronectin on the surface and in-
trasarcolemmal of cardiomyocytes in the near surroundings of the
stab canal, vesiculation. d Case 16, (Table 2) distinct accumulation
of fibrin/fibrinogen on the surface of the stab canal and intrasar-
colemmal of cardiomyocytes with contraction band necrosis

a b

c d

Fig.3 Schematic comparison of depletion of troponin C. Left 10 min
post-mortem and right 10 -min-old vital stab wound. The vital wound
is characterised by a much broader direct zone and a indirect zone
with a three-dimensional network of depletion



filtration was absent in all cases due to the short survival
times of up to 30 min (Table 2).

Structural antigens, especially troponin C and desmin
showed a gradually higher depletion in the traumatised 
regions and more aggregations in clumped cytoplasmatic
segments (Fig.2a,b). A tendency of the time-dependent
depletion of structural antigens in the order myoglobin –
FABP – troponin C – desmin was also observed (Table 2).
In contrast to the p. m. infliction, fibrinogen and fibronectin
showed positive intrasarcolemmal accumulation also in the
altered myocytes starting some minutes after vital inflic-
tion (Fig.2c,d). The visualisation of C5b-9 in the myocytes
started about 15–20 min after vital infliction (Table 2). In
the blunt types of cardiac lesions, the zonal arrangement was
sometimes difficult to assess, but even there the same fea-
tures seemed to exist although they were more irregular.

Discussion

A significant factor promoting tissue damage by bullets,
blunt trauma or by stabbing is the velocity of the object
striking it (Betz et al. 1996). Thus, different types of trauma
are capable of delivering different amounts of energy to
the myocardium and certain trauma can cause more exten-
sive injury than would be expected. Therefore, the cases
analysed showed great differences in the proportion of the
myocardium afflicted, not only in size and course of trauma
but also in the time for development.

In series 1 we investigated porcine hearts which were
exenterated after electrocution and bleeding the pigs dry.
This process and also a preceding phase of stress are held
to be the underlying mechanisms for the generation of sin-
gle cell damage particularly in the subendocardial zone
and this would be in accordance with the literature (Keil
et al. 1984; Ortmann et al. 2000a). This disseminated type
of damage can be easily distinguished from trauma-related
alterations. Structural alterations can be explained by direct
effects of the mechanical trauma with disintegration of
membranes. Since the width of the zone(s) affected and
the degree of such alterations are much more expressed in
vital injuries, there seem to exist additional factors pro-
moting contraction and contracture of myocytes.

In the porcine controls, supravital contraction bands
were produced up to 30–40 min p. m. within the direct zone
of trauma. A similar time dependence for contraction band
occurrence was reported by Abdomian et al. (1976) who
analysed post-mortem biopsy samples from animals. In the
early p. m. period clear depletions of structural antigens,
especially myoglobin and FABP, occurred in the direct zone
of trauma. After post-mortem clamping of skeletal muscles,
depletion of myoglobin has not been observed (Fechner et
al. 1991). This can be due to another type of trauma applied
and to basic differences in the ability of the samples to re-
act due to their origin.

The time-dependent depletion and accumulation of
antigens may depend on their molecular weights and cel-
lular distribution (myoglobin 17 kD and cytosol, FABP 15
kD and cytosol, troponin C 18 kD and contractile appara-

tus, desmin 51 kD and cytoskeleton). The process of de-
pletion/accumulation was very much pronounced in vital
wounds and included the indirect zone of trauma. Among
all structural antigens analysed, troponin C showed the
best discrimination power (Tables 1, 2).

Fibronectin and fibrinogen exhibited aggregation on
the surface of myocytes in p. m. and vital wounds. In vi-
tal wounds, these proteins were also accumulated in the
intrasarcolemma. This is a finding not observed in p. m.
wounds but it was positive in the vital porcine control.
Their appearance a few minutes after the trauma and their
topology renders these proteins rather discriminative
(Betz 1995). These results correlate with the findings in
skeletal muscles (Fechner et al. 1993). C5b-9 gave posi-
tive results ca. 20 min after vital infliction and earlier than
in ischaemic injury (Ortmann et al. 2000a). However an
exact estimation of the time of infliction in series 2 was
not always possible. Perfusion seems to be at least neces-
sary for the deposition of fibronectin, fibrinogen and, for
the appearance of C5b-9.

Conclusions

1. In the very early period after infliction of injury, myo-
cyte proteins start to deplete in a regular order. This
depletion process is overlapped and continued by the
deposition of plasma proteins and the accumulation of
structure proteins associated to structural changes.

2. In vital wounds there exists a zonal arrangement of all
changes observed which is much less expressed in 
p. m. wounds. Also fibrinogen and fibronectin accu-
mulate in the intrasarcolemma. The formation of con-
traction bands is more expressed than in p. m. wounds
and the whole pattern of pathological changes is much
more variegated and pronounced.

3. Certain IH methods are capable of more clearly dis-
criminating between intravital and p. m. injuries. In ad-
dition to classical methods such as H&E we recom-
mend the following antigens: troponin C, fibronectin
or fibrinogen and C5b-9.
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