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Summary. Histochemical (= HIS) methods (haema- 
toxylin-eosin, luxol fast blue, chromotrope aniline blue) 
and various immunohistochemical (= IH) markers (myo- 
globin, desmin, fibrinogen, complement C5b-9) were ap- 
plied in parallel to test the efficiency, specificity and sen- 
sitivity for the recognition of early ischemic myocardial 
damage. The whole series was subgrouped into cardiac 
deaths (N= 35) and controls (N = 13). Cardiac deaths were 
sub-divided into 3 groups: 1. infarction visible in gross 
examination (N = 15), 2. coronary thrombosis without in- 
farction (N = 11), 3. stenosing coronary athero-sclerosis 
without infarction (N = 9). The control group (group 4) 
consisted of unnatural deaths with presumed short agonal 
periods (N = 13). Group 1 cases usually exhibited ex- 
tended coagulation necrosis of the diffuse type and the 
contraction type in combination (1 exception). Group 2 
showed mainly a patchy type of coagulation necrosis and 
contained 1 case where all methods failed to react and 3 
more cases where only the HIS methods failed to react. 
Group 3 and 4 were associated with a disseminated type 
of single and/or grouped fibre necrosis. - In addition, the 
average reaction strengths showed a decrease from group 
1 to group 4 which was more pronounced in the HIS reac- 
tions compared with the IH reactions. One case in group 1 
showing negative IH reactions cannot be explained. Posi- 
tive IH reactions observed in a few cases in group 2 con- 
trasting with negative HIS reactions would indicate a 
greater sensitivity of this methodology and this interpreta- 
tion also applies to groups 3 and 4. From pathophysiolog- 
ical considerations, the positive cases in groups 3 and 4 
can be well explained. - The results show that selected 
application of a single criterion to the diagnosis of early 
myocardial infarction and/or ischemic fibre damage can- 
not resolve the diagnostic problem. However, a selected 
set of HIS/IH methods and the synoptic interpretation of 
all findings will improve the detection of early myocardial 
infarction/ischemic damage. 
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Zusammenfassung. Histochemische (= HIS) Methoden  
(H~matoxylin-Eosin, Luxol Fast Blue, Chromotrop Ani- 
lin-Blau) und verschiedene immunhistochemische (= IH) 
Marker (Myoglobin, Desmin, Fibrinogen, Complement 
C5b-9) kamen nebeneinander zur Anwendung, um die Ef- 
fizienz, Spezifit~t und Empfindlichkeit zur Erkennung 
frtiher isch~imischer Herzmuskelsch~iden zu tiberprtifen. 
Das Untersuchungskollektiv war unterteilt in Herztodes- 
fNle (N= 35) und Kontrollen (N = 13). Die Herztodesfi~lle 
waren in drei Gruppen unterteilt: 1. Makroskopisch er- 
kennbarer Infarkt (N = 15), 2. Koronarthrombose ohne In- 
farkt (N = 11), 3. stenosierende Koronararterienslderose 
ohne Infarkt (N = 9). Die Kontrollgruppe (4.) bestand aus 
nicht-nattirlichen Todesf~llen mit vermuteten kurzen 
Agonie-Zeiten (N = 13). Die F/ille der Gmppe 1 zeigten 
normalerweise eine ausgedehnte Koagulationsnekrose mit 
einer Kombination des diffusen Typs und des Kontrakti- 
onstyps (eine Ausnahme). Die Ffille der Gruppe 2 zeigten 
einen herdf6rmigen Typ der Koagulationsnekrose. Sic 
enth~lt ferner einen Fall, in welchem alle Methoden ver- 
sagten und drei Ffille, in welchen die HIS Methoden ver- 
sagten. Positive F~lle der Gruppen 3 und 4 zeigten einen 
disseminierten Typ einzelner oder gruppierter Fasemekro- 
sen. - Zusfitzlich zeigten die durchschnittlichen Reakti- 
onsst~rken eine Abnahme von Gruppe 1 nach Gruppe 4. 
Diese Abnahme war in den HIS Reaktionen ausgeprfigter 
als in den IH Reaktionen. Ein Fall der Gruppe 1 mit nega- 
tiver IH findet keine Erklfirung. In einigen F~llen der 
Gruppe 2 wurden positive IH Reaktionen bei negativen 
HIS Reaktionen beobachtet, was auf eine gr6f~ere Emp- 
findlichkeit der IH Methodologie hinweist; diese Interpre- 
tation gilt ebenfalls ftir die Gruppen 3 und 4. Aus patho- 
physiologischen 13berlegungen lassen sich die positiven 
F~lle der Gruppen 3 und 4 gut deuten. - Die Ergebnisse 
zeigen, da6 die isolierte Anwendung eines einzelnen Kri- 
teriums zur Diagnostik des frtihen Myokardinfarkts und/ 
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oder  des ischfimischen Faserschadens  dieses diagnost i -  
sche P rob lem nicht  16sen k6nnen.  Jedoch wird ein ausge-  
w~ihlter Satz von HIS/ IH Methoden  sowie  die synopt ische 
Interpreta t ion al ler  Befunde  die Erkennbarke i t  des frfihen 
Myokard in fa rk t s / i s ch~n i schen  Schadens  verbessern.  

S c h l i i s s e l w 6 r t e r :  M y o k a r d  - isch~mischer  Schaden - 
His tochemie  - Immunhi s tochemie  

I n t r o d u c t i o n  

The demonst ra t ion  of  early i schemic  lesions in the myo-  
ca rd ium has been the subject  of  many  invest igat ions.  Us- 
ing convent ional  histology,  the t ime o f  manifes ta t ion  is 
usual ly  in the range 5 - 8  hours (Riede and Drexler  1989). 
- Electron mic roscopy  seems to offer many  advantages,  
but  ear ly autolysis  can s imulate  and over lay  subcel lular  
changes  caused by  other  mechan i sms  and thus mask  them 
(Hackel  and Re imer  1990). Many  researchers  have ap- 
p l ied  enzyme  his tochemistry,  i.e. main ly  the v isual iza t ion 
of  dehydrogenases  with different  dyes  (Nachlas  and 
Shnike  1963; Andersen  and Hansen 1973; Der ias  and 
A d a m s  1978; Becker  and Andersen  1985) but  here also 
many  artefacts can be caused by  autolysis  (Caesar  1984). 
- In addit ion,  several  h i s tochemica l  react ions  have been  
introduced,  e.g. so-cal led fuchs inophi l ia  and fuchsinor-  
rhagia  (Lie et al. 1971; Knight  1979), UV-f luorescence  
(Carle  1981; Badi r  and Knight  1987). Other  enzymes  
have also been studied, e.g. phosphory lase  (Janssen 1977; 
Caesar  1984). Also,  the measurement  o f  the rat ios of  
po tass ium/sod ium in tissues has been repor ted  to be a spe- 
cific test (Saukko 1983). However ,  most  o f  the aforemen-  
t ioned methods  are ei ther non-speci f ic  (failure to differen- 
t iate be tween  autolysis  and i schemic  lesions)  or the 
changes induced  by  i schemia  occur  too late (Hackel  and 
Re imer  1990). More  recently,  new h is tochemica l  methods  
have  been proposed,  e.g. a modi f ica t ion  of  luxol  fast b lue  
(LFB) by  Arno ld  et al. (1982, 1985, 1986) and chromo-  
t rope anil ine blue t r ichrome staining (CAB) by  Zol l inger  
(1989). Even more  recently,  a series of  immunohis to -  
chemica l  markers  of  early myocard ia l  les ion has been  re- 
por ted  by  var ious  authors (Sch~ifer et al. 1986; Leadbet te r  
et al. 1989, 1990; Shekonin  et al. 1990; Thomsen  et al. 
1990; Chumachenko  and Vikhert  1991). 
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This study at tempts  to s imul taneous ly  apply  a set of  
these methods  and compare  their  efficiency, specif ic i ty  
and sensi t ivi ty  for the detect ion o f  ear ly myoca rd ia l  le- 
sions. 

M a t e r i a l s  a n d  m e t h o d s  

A total of 48 hearts were systematically studied of which 35 were 
cardiac deaths and 13 were controls: 4 subgroups were formed 
(Table 1): 

- 1/inf. = infarction macroscopically present (N = 15) 
- 2/thr. = occlusive coronary thrombosis without infarction (N = 

11) 
- 3/ath. = coronary atherosclerosis without infarction/thrombosis 

(N -- 9). To fulfill this definition, extensive other investi- 
gations were necessary, i.e. histology and toxicology and 
the minimal degree of stenosis required in the proximal 
arteries was 75%. A further differentiation of the degree 
of stenosis was not carried out. In group 2 and 3 macro- 
scopical investigation revealed the presence of very 
small disseminated areas of scar tissue but no larger in- 
farct scars or aneurysms could be detected. 

- 4/con. = the control group (N = 13) consisting of deaths due to 
other mechanisms with known agonal periods (Table 2) 

Cases in which resuscitation using catecholamines and/or defibril- 
lation had been attempted were not included and also those hearts 
were rejected which showed signs of incipient putrefaction either 
in gross examination or in H&E sections. The postmortem inter- 
vals varied between 6 and 144 hours and did not significantly dif- 
fer between subgroups 14 .  The histology specimens were taken 
from the following areas: 

- 1/inf.: periphery of the infarction zone and adjacent myocar- 
dium without macroscopical changes 

- 2/thr.: at least 2 samples from areas presumably involved and 
1 control specimen 

- 3/ath.: same as group 2/thr. 
- 4/con.: specimens from anterior and posterior wall of the left 

ventricle and the septum 

In 3 cases additional specimens from the same areas as described 
were placed in an incubator at 20°C and small sections were re- 
moved at intervals of approximately 2-3 days up to 8 days (Fech- 
ner and Sivaloganathan 1987). - Specimens were fixed in 4% 
buffered formalin, embedded in paraffin and 5 gm sections were 
made. Using indirect immunohistochemistry (IH) the following 
antigens were investigated: 

Primary antibody. Polyclonal rabbit; anti human antibodies 
against desmin, myoglobin, fibrinogen; dilution 1/50; Dako, D- 
22047 Hamburg. 

T a b l e  1. Distribution of age, sex, survival 
period, postmortem time and heart weight 
in the groups investigated 

Group N Sex Age Survival a p.m. time b heart weight 
m f (years) period (h) (h) (g) 

1 15 13 2 26 -85 0-80 214- 96 330-700 
2 11 10 1 27 -83 0-15 6-  96 320-710 
3 9 6 3 42 -91 0-24 5-144 380460 
4 13 9 4 10w-51 0 -  1 7-  48 220490 

a The exact time of commencement of ischaemia could not be determinded in every case 
b Time between death and autopsy 
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Table 2. Causes of death in the control group (group 4) 

Cause of death Number of cases Case-no. 

Gunshot 3 41, 42, 46 
Drowning 2 40, 44 
SIDS 2 37, 47 
Hanging 1 43 
Heroin 1 38 a 
Carbon monoxide 1 39 b 

Head injury 1 36 
Multiple trauma 1 45 
Bleeding 1 48 

a 186 ng morphine/g blood 
b carbon monoxide concentration: 75% 

For C5b-9 complement-complex (C5b-9): anti-human C5b-9; 
polyclonal rabbit; dilution 1/10; Calbiochem, D-65812 Frank- 
furt/M. 

Secondary antibody. For myoglobin and fibrinogen: swine im- 
munoglobulin to rabbit immunoglobulin; dilution 1/50; Dako, D- 
22047 Hamburg. 

For desmin: biotinylated rabbit immunoglobulin to sheep/ 
mouse immunoglobulin; dilution 1/500, Boehringer, D-6800 
Mannbeim. 

For C5b-9 comp.: biotinylated rabbit immunoglobulin to mouse 
immunoglobulin; dilution 1/300, Dako, D-22047 Hamburg. 

Third step. For myoglobin and fibrinogen: PAP-complex, Dako, 
D-22047 Hamburg. 

For desmin: Streptavidin-complex, Boehringer, D-6800 Mann- 
heim. 

For C5b-9 comp.: Avidin-Biotin-complex, Dako, D-22047 
Hamburg. 

Substrates. Myoglobin, fibrinogen and C5b-9 comp.: 3-Amino-9- 
ethylcarbazole (AEC), Sigma, D-8024 Deisenhofen. 

Desmin: 3,3-Diaminobenzidine-tetrahydrochloride (DAB), Amers- 
ham, United Kingdom. 

We used the following structures as positive controls: normal 
human myocardial fibres for desmin and myoglobin; for fibrino- 
gen its presence in vital haemorrhages (Berg 1975); for C5b-9 
comp. its presence in vital muscle lesions (Fechner et al. 1993). 
Structures that are known to lack the relevant antigens served as 
negative controls. Furthermore, in each experiment one reagent 
was omitted from the necessary components, e.g. the primary anti- 
bodies. 

Sections from all specimens were also stained using haematox- 
ilin and eosin (H&E), a modification of luxol fast blue (LFB, 
Arnold et al. 1985) and chromotrope aniline blue (CAB, Zollinger 
1983). The H&E sections were also examined using UV fluores- 
cence in addition to light microscopy. In the following, the histo- 
logicat/histochemical part is abbreviated HIS and the immunohis- 
tochemical one IH. 

All sections were investigated and evaluated by 2 independent 
examiners. The results were laid out in the form of a table using 
the following major parameters: 

- H&E - coagulative necrosis (HEFd - diffuse type 
of eosinophilia; UV-Fluorescence 
contraction band necrosis (HEFc) 

- LFB - diffuse type of myofibrillar degeneration 
(LEBd) 

- cross band type of myofibrillar degenera- 
tion (LFBcr) 

- CAB - contraction band necrosis (CABc) 
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- desmin/myoglobin- loss or depletion of antigens, displace- 
ment of these proteins within fibres 

- fibrinogen/C5b-9 - positive reaction relative to relevant struc- 
tures 

The strength of the reactions and/or their extent were scored semi- 
quantitatively using a 4-degree scale: 0 = negative, 1 = slight, 2 = 
moderate, 3 = extensive. 

R e s u l t s  

The h is to log ica l /h i s tochemica l  react ions showed 2 differ-  
ent types:  (1) "pos i t ive"  react ions with an enhancement  of  
the intensi ty  or with the occurrence  of  other  colourat ions  
and/or  in combina t ion  with other  pat terns/changes,  e.g. 
contract ion bands. This type was associa ted  with HE, 
LFB,  CAB,  F, C5b-9,  whi ls t  (2) the other type  associa ted  
with D and M showed a fading.  The f ibr inogen react ion 
was usual ly  much s t ronger  and more  intense than that for 
C5b-9 comp.  and the topographica l  dis t r ibut ion was s imi-  
lar to that of  the HIS al terat ions (Figs.  1-2).  

These  associa t ions  were  regular ly  observed  in the in- 
farct ion group and became  more  i r regular  f rom group 2 
through group 3 to group 4. 

Group 1/inf (Figs. 3, 4): the most  p ronounced  changes  
were observed  in the margina l  zone o f  infarction.  The ar- 
eas invo lved  were ei ther pa tchy  or extensive.  Al l  5 histo- 
chemica l  parameters  were  present  and the scores were 
usual ly  evenly  distr ibuted.  The immunoh i s tochemica l  
(IH) parameters  D (= desmin) ,  M (= myog lob in )  and F (= 
f ibr inogen)  reacted very much in paral lel ,  while  C5b-9  
comp.  was more  often negat ive.  There was only one case 
(No. 1), where  all HIS parameters  were only  s l ight ly  pos-  
i t ive and the IH react ion fai led to react. 

Group  2/thr (Figs. 3, 4): the extent  of  the areas in- 
vo lved  was usual ly  pa tchy and the average  react ion scores 
were  much weaker  than in the a forement ioned  group (ca. 
50%). In one case, where  all parameters  were  nega-  
t ive and in 3 more  cases where  only  2 -3  out  o f  9 reacted,  
the negative reactions were observed for all HIS parameters.  

Group  3/ath (Figs.  3, 4): the pa tchy type  of  al terat ions 
was only observed  in one case  (number  32) whi le  all other  
cases showed a d i s semina ted  type o f  single f ibre or 
g rouped  fibres reaction.  The quanti ta t ive scores were  
again reduced  whi le  the immunoh i s tochems t ry  r emained  
more  or less unchanged  (when compared  to the aforemen-  
t ioned group).  Al l  react ions  fa i led in one case whi le  3 
other cases  showed only  2 -3  posi t ive  reactions.  

Group  4/con (Figs.  3, 4): a l though on average there 
was a further s teep decrease  of  the react ion strengths, 11 
out of  13 cases showed the d i s semina ted  type o f  single 
cell  al terations.  The HIS parameters  and the C5b-9 comp.  
were main ly  negat ive,  showing only 5 pos i t ive  react ions  
in 4 cases whi le  the IH (D, M, F) revea led  a h igher  fre- 
quency of  posi t ive  reactions.  

Autolys is .  The inf luence o f  autolysis  was tested in 2 
cases (Fig.5)  and showed a rapid  decrease  o f  posi t ive  re- 
act ions over  the t ime per iod  tested. A strong react ion pat-  
tern in the early pos tmor t em per iod  was conver ted  into a 
modera te  react ion after 2 -3  days  and the d i sappearance  o f  
all markers  occurred after approx imate ly  1 week.  
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Fig. l a - d  Fig. 2a -d  
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Fig. 3a-d.  Types of reactions and reaction strengths of the HIS/IH methods according to the individual cases and arranged into subgroups 
(see text) 

Discussion 

We have subgrouped our material into 4 well-defined cat- 
egories in relation to the type of heart pathology as the 
cause of death: 

(1) The first group (infarction group) showed in general 
a more intensive expression of the reaction. The HIS and 
the IH features were fairly evenly distributed. The 2 basic 

Fig. 1. Serial sections using different histochemical methods (mag- 
nification 460 x). a. Haematoxylin-eosin (H & E), cardiac muscle 
fibres with hypereosinophilia, homogeneous cytoplasm (coagula- 
tive necrosis and contraction bands (contraction band necrosis), b. 
H & E-fluorescence, fibres with homogeneous bright yellow fluo- 
rescence (HEFd) and contraction bands (HEFc). c. Luxol fast blue 
(LFD), extensive blue staining of damaged fibres, mainly fibres 
with contraction bands (LFBc). d. Chromotrope aniline blue 
(CAB), extensive red-coloured contraction bands (CABc) in the 
centre 

Fig. 2. Serial sections using different immunohistochemical meth- 
ods (magnification 460×), a. Immunohistochemical detection of 
desmin (D), homogeneous depletion of desmin in the centre (is- 
chemic fibres), positive reaction in undamaged fibres, b. Immuno- 
histochemical detection of myoglobin (M), different negative reac- 
tion in the infarction area, normal fibres with positive reaction, c. 
Immunohistochemical detection of fibrinogen (F), extensive posi- 
tive reaction in ischemic area, accumulation of fibrinogen in dam- 
aged fibres, d. Immunohistochemical detection of complement 
C5b-9, slight positive reaction in the infarction area, diffuse accu- 
mulation of C5b-9 in single fibres 
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F C5b-9 

Fig. 4. Frequency of cardiac lesions relative to the HIS/IH methods 
applied 

types of ischemic myocardial necrosis, i.e. coagulation 
necrosis and contraction band necrosis (e.g. Becker & 
Andersen 1985) were expressed either as the d (= dif- 
fuse)-type or as the c (= contraction)-type. Serial sections 
showed a significant loss of the structural proteins D 
(= desmin) and M (= myoglobin) and a highly specific ac- 
cumulation of F (= fibrinogen) and C5b-9 (comp) within 
the necrotic fibres and/or their intimate surroundings. 
This pattern therefore substantiates the specificity of the 
HIS findings. 
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Fig. 5. Experimental autolysis relative to HIS and IH methods 

(2) In  the second subgroup (thrombosis without infarc- 
tion) 4 cases out of 11 lacked the histological/histochemi- 
cal signs of myocardial necrosis and 3 showed "positive 
reactions" for the antigens tested. Compared to group 1, 
the mean scores were significantly reduced and only 3 
cases exhibited more intensive reaction strengths. This 
would indicate that death occurred shortly after the coro- 
nary occlusion probably due to primary or secondary ar- 
rythmia (secondary to infarction) (Hackel and Reimer 
1990; Buja and Willerson 1991). 

(3) The third subgroup had 4-5 cases (out of 9) with 
virtually no or only weak signs of myocardial necrosis 
while 2 reacted negatively with immunohistochemistry. 
The unequal reduction of the average scores in the HIS 
markers compared to 3 out of 4 IH markers would further 
substantiate the interpretation that primary arrythmia led 
to relatively sudden cardiac arrest either not allowing the 
manifestation of HIS markers or only their very weak 
occurrence whilst the markers D, M and F remained 
mainly unchanged. These seem therefore to develop much 
faster. In contrast, C5b-9 seems to react even more slowly 
than the HIS markers. In addition, there was only 1 case 
with the patchy type of change while the others showed a 
more or less disseminated single and/or grouped fibre 
necrosis. 

(4) In the fourth group, there was no case with histo- 
logical/histochemical myocardial necrosis and no case 
with C5b-9 comp. positivity. The only case with signs of 
coagulation necrosis (No. 38) was death due to heroin 
overdose, which can be associated with a long agonal pe- 
riod and would therefore easily explain the manifestation 
of myocardial alterations. This observation is in contrast 
to other investigations (Oehmichen et al. 1990a,b) where 
the myofibrillar type of degeneration was observed even 
in non-cardiac deaths, but is possibly due to differences 
with regards to the duration of the agonal periods. 

The diagnostic value of the staining procedures 

Several investigations have elaborated new histochemical 
methods and established well-defined types of reactivity. 
For example using LFB, Arnold (1982, 1985, 1986) intro- 
duced the diffuse type of myofibrillar degeneration. In our 
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series, using H&E fluorescence and LFB on serial sec- 
tions, we came to the conclusion that the diffuse type of 
lesion is identical in both staining methods. In most of our 
cases, these 2 signs were positive in parallel but HE 
seemed to be more. Therefore, the use of LFB for the de- 
tection of the diffuse type of myofibrillar degeneration of- 
fers no advantages. 

Applying the stains H&E, LFB and CAB on consecu- 
tive serial sections, we could observe that the terms "con- 
traction band necrosis" (H&E, Kloner et al. 1984), "cross 
band type myofibrillar degeneration" (LFB, Arnold 1982, 
1985, 1986) and "contraction bands" (Zollinger 1983) are 
only different designations for the same morphological 
entity. The H&E staining showed 2 more positive cases 
only in the infarction group which could again indicate 
enhanced sensitivity of this method. Therefore we are 
very much convinced that the classical H&E offers the 
same resolution power if evaluated by light and ultravio- 
let microscopy. 

Of the immunohistochemical markers used, D and M 
reacted very much in parallel and we observed only very 
few cases where they showed different reactions. In these 
cases, the myoglobin indicated a higher degree of sensi- 
tivity. - The "humoral" markers of early myocardial le- 
sion, namely F and C5b-9 again showed mostly parallel 
reactions. If the reactions were different, F was positive 
and C5b-9 negative. This finding, in combination with the 
decrease of C5b-9 reaction over groups 1-4 would indi- 
cate a higher sensitivity of fibrinogen. 

We would therefore tentatively recommend that the 
same diagnostic value could be achieved with a set of 3 
methods, i.e. H&E, myoglobin and fibrinogen. 

Literature dealing with the diagnostic value of histolog- 
ical and histochemical methods mainly differentiates be- 
tween sensitivity and specificity which can be misleading 
if these methods are evaluated in isolation. For example, 
the specificity of F to detect myocardial infarction can be 
evaluated as poor if it is based on the reactivity in the con- 
trol cases. - On the other hand positivity within a fibre 
specifically indicates necrosis. In a complex physiology 
such as heart pathology, where the muscle fibres can be 
primarily or secondarily involved and, where in addition 
interactions exist between these two possibilities, only the 
precise evaluation of all features together can be used to 
really evaluate specificity and sensitivity. The framework 
could approximately follow this structure: 

1) in macroscopical infarction, the methods applied 
need no evaluation of their sensitivity per se but the reac- 
tion pattern relative to topography, survival time and post- 
mortem time and eventual losses and enhancements of the 
criteria used can serve as tools to answer additional ques- 
tions such as time dependency. 

2) in cases with coronary thrombosis alone, the simul- 
taneous application of all 3 methods can very much en- 
hance both the specificity and the sensitivity of the diag- 
nosis of ischemic myocardial damage and therefore sub- 
stantially contribute to defining the cause of death. 

3) in forensic cases, the pure diagnosis of stenos- 
ing coronary atherosclerosis cannot be regarded as the 
cause of death. This is only possible per exclusionem, e.g. 
any kind of external influence such as poisoning and/or 
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by proving acute myocardia l  damage  relat ive to topo- 

graphy. 
4) the posi t ive  results found in one control  case are not 

necessari ly disadvantageous and only indicate that this 
can be important  for the evaluat ion of  the agonal  period 
and that the presence of  myocardia l  damage  alone does 

not necessari ly prove  cardiac death. 
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