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Relation between craniocerebral injury and
subsequent myocardial fibrosis and heart failure
Report of3 cases

Jovan Rajs
From the Government Institute of Forensic Medicine, Stockholm, Sweden

The findings at necropsy in three cases of severe craniocerebral injury associated with unconsciousness are
reported with special reference to the histopathological findings in the myocardium.

In the first case, death occurred 3 days after the trauma, in the second case 21 days after, and in the third
case, 7years after. Necropsy showed myocardial lesions of recent origin in the first case, stromal condensation
in the myocardium in the second, and cardiac hypertrophy with coexisting patchy fibrosis of the myocardium
in the third. The relation between craniocerebral injury and subsequent myocardial fibrosis is discussed.

Myocardial lesions of recent origin are found fairly at the time of death. The available information about the
often at necropsy in patients who died from certain past history, especially about previous cardiac disease or
types of intracranial disease or craniocerebral conditions that might have harmed the heart, is generally
injury. These lesions have included eosinophilic more detailed and reliable in cases of young adults than
degeneration and focal necrosis of the myocardium in those of older patients. The ages of the 3 patients
degeneation focaln myocardioedema, presented were 25, 15, and 15 years, respectively, at the

(Skhasabaofya, 1961), fal myocrdtiial demohag time of death. Their histories were therefore studied in
necrosis Of myofibrils, and interstitial haemorrhage more detail and were considered to be sufficiently in-
(Eichbaum and Bissetti, 1966), inflammation teresting, particularly in relation to the problems dis-
(Plueckhahn and Cameron, 1968), focal myocyto- cussed in this paper.
lysis, fuchsinophilic degeneration (Connor, 1969), Blocks of brain, lung, liver, kidney, anterior wall of
and myofibrillar degeneration (Reichenbach and the right ventricle, septum, anterior and posterior wall
Benditt, 1970). The main findings at necropsy were of the left ventricle and papillary muscles were fixed in
cerebral haemorrhage, cerebral abscesses, throm- 4 per cent neutral formaldehyde solution for from 24 to
bosis of cerebral vessels, meningitis, ruptured 36 hours and thereafter embedded in paraffin. Sections
aneurysm,cerebralinfarction.cranioce5 ,um thick were cut from all tissues and stained withaneurysm,cerebral inarcton craniocerebraliinjury, haematoxylin-eosin and van Gieson. Sections from the

and primary or secondary brain tumours. myocardium were in addition stained with PAS and
Chronic heart lesions such as myocardial fibrosis Mallory's PTAH, and in one case (Case 3) also with

and cardiac hypertrophy may develop from recent Weigert's resorcin fuchsin elastic stain, Best's carmine,
myocardial lesions of encephalogenic origin. How- Congo red, and Clarck's scharlach R stain (Armed
ever, little attention has hitherto been given to this Forces, Institute of Pathology, 1960).
possibility. The Table shows the principal microscopical findings
The findings in the 3 cases reported below further in the heart, together with the length of the interval

substantiate the relation between craniocerebral between craniocerebral injury and death of the patients.
injury and myocardial fibrosis. Mononuclear and polynuclear leucocytic infiltration
injuryandmycardilfiboof the myocardium, myocytolysis, and myocardial

fibrosis, respectively, were graded as follows:
Patients and methods

Mononuclear and polynuclear leucocytic infiltration
Patients and methods + =presence of solitary cells around vessels or

The records of patients with craniocerebral injury on between muscle fibres;
whom necropsy was performed at this institute were re- + + =presence of clusters of leucocytes around
viewed with special reference to the paistitory and age vessels or between muscle fibres;

+ + + =more or less diffuse infiltration of the entire
Received 1 September 1975. myocardium.
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Craniocerebral injury and subsequent myocardial fibrosis 397

TABLE Histopathological findings in heart in three cases of craniocerebral injury

Case Interval between Macroscopical findings Microscopical findings
No. injury and death

Myocytolysis Mononuclear cell Polymorphonuclear Myocardial
infiltration leucocyte infiltration fibrosis

1 3 days Subendocardial haemorrhage +++ +++ +
2 21 days Subendocardial haemorrhage ++ ++ + +
3 7 years Cardiac hypertrophy and fibrosis + + -+++

For explanation of symbols see Patients and methods, pp. 396 and 397.

Myocytolysis changes or signs of fibrosis (Fig. 1 and 2). The other
+ = presence of solitary cells showing myocytolysis; findings were normal. Death was attributed to compres-

+ -i- =presence of foci of several cells showing myo- sion of the brain resulting from tearing of the com-
cytolysis; municating veins of the subdural space (Briuckenvenen)

+ + + =a large number of foci of cells showing myo- caused by the injury to the skull.
cytolysis.

Myocardial fibrosis Case 2
+ =presence of loose granulation tissue in inter- The patient, a girl aged 15 years, hit her head when

stitial spaces, around vessels, or foci of such falling down a flight of stairs. Immediately after her fall
tissue-that is, evidence of stromal condensa- she was dazed. A few hours later she became deeply un-
tion; conscious and was taken to hospital. As there were no

4- + =presence of small foci of dense collagenous focal neurological symptoms her condition was attributed
tissue; to some form of intoxication. A few hours after admission

+ + + =numerous foci of collagenous tissue scattered her blood pressure rose, the pupils were unequal, and
throughout the myocardium which were even Babinski's sign was positive on the right side. The
visible macroscopically. electrocardiogram showed no abnormality. While being

transferred to the neurosurgical department her respira-
tion ceased. She was intubated. After 21 days' treatment

Case reports on the respii ator she died.
Case 1 Necropsy disclosed fracture of the skull in the right
The patient, a woman aged 25 years, was thrown off a parieto-occipital region and epidural haematoma: the
horse and struck her head. A few minutes after her fall brain tissue was soft and discoloured. The heart weighed
she fainted and was immediately taken to hospital. On 190 g. There were macroscopical subendocardial
admission she was unconscious, her pupils were fixed, haemorrhages within the upper part of the septum
but focal neurological signs were absent. A few hours below the aortic valve. Microscopical examination of the
after her admission the blood pressure rose from 130 myocardium showed focal oedema, necrosis of solitary
mmHg (17-3 kPa) systolic and 90 mmHg (12-0 kPa) myofibrils, minute haemorrhages, diffusely and peri-
diastolic to 260 mmHg (34-6 kPa) systolic and 130 vascularly stromal condensation, inflammatory cells,
mmHg (17-3 kPa) diastolic. She was given dexame- which were predominantly mononuclear in type, fibro-
thasone and mannitol and this resulted in a fall of the blasts, fibrocytes, solitary macrophages, and granulo-
blood pressure to 90 mmHg (12-0 kPa) systolic and cytes (Fig. 3); the other findings were normal. Death was
60 mmHg (8-0 kPa) diastolic. Leads I and III of the attributed to compression of the brain as a result of
electrocardiogram showed sinus rhythm and ventricular fracture of the skull and epidural haematoma.
extrasystoles.
The patient was deeply unconscious, with no reflexes, Case 3

and despite three days on the respirator, she died. The patient, a boy aged 8 years, collided with a motor-car
Necropsy disclosed a haematoma in the occipital region, when cycling. On admission to a neurosurgical unit he
copious subdural haemorrhage, cerebral oedema, and was unconscious. He had several convulsive fits and
signs of compression of the brain-stem. The heart episodes of opisthotonus. Radiography of the skull
weighed 300 g. There was evidence of slight sub- showed a fracture of the fronto-occipital region with no
endocardial haemorrhage beneath the left aortic valve. depression of bone fragments. Angiography of the

Microscopical examination of the myocardium showed carotid artery showed an expansive process above the
interstitial oedema, focal necrosis of myofibrils, minute tentorium of the left side.
haemorrhages and round cell infiltration perivascularly The patient was placed on the respirator and was given
and diffusely in the interstices. The changes were wide- dexamethasone and mannitol. After a few days he re-
spread, being most pronounced beneath the endocardium gained consciousness and was removed from the res-
and within the papillary muscles. There was infiltration pirator. The only available information about the
with inflammatory cells, the majority being mononuclear condition of the cardiovascular system dated from the
cells, granulocytes being scarce. There were no vascular 13th day after his accident. On that occasion the heart
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FIG. 1 Case 1. Photomicrograph showing extensive infiltration with inflammatory cells,
predominantly mononuclear in type, and wide separation of myocardial fibres indicating
interstitial oedema. (Haematoxylin-eosin. x 80.)
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FIG. 2 Case 1. Photomicrograph showing focal necrosis of myofibrils. (Haematoxylin-eosin.
x 200.)
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FIG. 3 Case 2. Photormcrograph showing stromal condensation in myocardium in form
ofproliferation offibroblasts and deposition of collagenousfibres 21 days after trauma. (Haema-
toxylin-eosin. x 200.)

rhythm was regular, the heart sounds were clear, the Microscopical examination of lungs, liver, spleen, and
pulse rate was 120/min, and the blood pressure was kidneys was normal.
105 mmHg (14.0 kPa) systolic and 75 mmHg (10.0 kPa) The immediate cause of death was considered to be
diastolic. Electrocardiograms were not taken. After dis- acute cardiac insufficiency resulting from fibrosis of the
charge he was able to attend school and engage in his myocardium.
normal spare-time occupations.
At the age of 9 years he had measles. He was ill for Discussion

three weeks and was cared for at home. At the age of 11 T lcdt hte h rnoeerlijr
years he had a mild form of scarlatina. He was followed Toeuda w thrhecmcrba ijy
up by the school medical officer at regullar intervals for 7 alone was the cause of death in these three cases and
years after his accident. The clinical and laboratory whether the myocardial lesions found at necropsy
findings were always normal with no symptoms sug- were sequelae of the injury or resulted from natural
gestive of epilepsy. At the age of 15 years, after a short disease requires careful analysis of the circum-
sprint, he suddenly collapsed and died. stances of the injury as well as of the clinical
At necropsy large punched-out yellow areas denuded features. Naturally, the longer the interval betwreen

of their meningeal covering (plaques jaunes) were found the injury and death the grreater the diffculties.
in both temporal regions. There was no cerebral oedema;Nvrhls tmyb f rca eioea m
neither were thlere any bite marks on thle tongue. The potneokowheasrtohseqsin.
heart was enlarged, weighing 340 g (body weight was otnet nwtease oteeqetos
55 kg). There was pulmonary congestion; the myo- The aetiology of a diffuse myocardial fibrosis
cardium showed patchy fibrosis; the valves, endocar- found at necropsy is difficult to determine. The
dium, and coronary arteries were normal. Microsoopical myocardium reacts to various haxrmfl effects in
examination of the myocardium revealed perivascular much the same way. According to Simpson (1967),
and focal fibrosis, hypertrophic and atrophic fibres, and primary myocardial lesions such as those caused
minute areas of myocytolysis. There was infiltration by hypertension, coronary insufficiency, and viral,
with a few mononuclear inflammatory cells, mostly bacterial, spirochetal, fungal, protozoal, or trypano-
histiocytes (Fig. 4 and 5). No giant cells or granuloma soainetn ma cas firsis ipohuh
were seen. The walls of the small arterial branches were smlmctomacue irs.Smpnth gt
thickened and fibrosed with slight endothelial prolifera- that diffuse fibrosis represented the end stage of
tion. Staining with Best's carmine and Congo-red for different primary myocardial lesions. The damage
evaluation of glycogen and amyloid was negative; there to the heart may be so extensive that one wonders
was no accumulation of lipids in the sarcoplasm. how it managed to function (Burch, Tsui, and
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FIG. 4 Case 3. Photomicrograph showing left ventricular wall. Area of dense collagenous
connective tissue separates muscle fibres, which lie singly or in small groups. Enlarged hyper-
chromatic nuclei indicate myocardial hypertrophy. (Haematoxylin-eosin. x 100.)

FIG. 5 Case 3. Photomicrograph showing thickening of arterial wall and increase in peni-
vascular connective tissue. (WeIgert s resorcin fuchsin elastic stain x 100)
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Harb, 1972). Myocardial lesions are known to generation and focal myocytolysis in advanced
develop secondary to craniocerebral injury. Aschen- stages are usually irreversible but they may oc-
brenner and Bodechtel (1938) reported electro- casionally 'heal', provided that the lesions are not
cardiographic abnormalities in young patients with too extensive and fibrosis develops. Reichenbach
brain tumours. Other reports followed of abnor- and Benditt (1970) believed that catecholamines
malities in the electrocardiogram associated with might induce acute myocardial lesions in man as
intracranial processes and craniocerebral injury in well as in experimental animals, and if these lesions
man and with similar electrocardiographic changes are sufficiently extensive they can contribute to,
experimentally induced in animals (Burch, Meyers, or be the cause of, death. Repeated episodes of
and Abildskov, 1954; Burch, DePasquale, and subarachnoid haemorrhage may result in condensa-
Malaret, 1960; Shkhvatsabaya, 1961; Eichbaum tion of the stroma of the heart muscle, fibrosis, and
and Bissetti, 1966; Plueckhahn and Cameron, 1968; cardiac failure. These workers emphasized that
Burch et al., 1969; Reichenbach and Benditt, 1970; more attention should be paid to these lesions when
Anderson, Woodburn, and Fisch, 1973; Cruick- considering the causes of human cardiac disease.
shank, Neil-Dwyer, and Stott, 1974). The myocardial lesions in our three cases
Plueckhahn and Cameron (1968) differentiated a illustrate different stages in the development of

type of myocarditis that was a direct or indirect encephalogenic myocardial lesions (Table). A study
complication of trauma and which resulted from of the published reports suggests that Case 1 was
systemic hypoxia. They termed it 'traumatic similar to that reported by Plueckhahn and Cameron
myocarditis', and they reported it in 3 cases of (1968) with respect to the clinical and pathological
craniocerebral injury associated with unconscious- findings. This also applied to Case 2, though an
ness. Eichbaum and Bissetti (1966) assumed the additional pathological finding was stromal con-
pathogenesis of encephalogenic lesions of the heart densation which, according to Reichenbach and
to be as follows. All forms of surgical and traumatic Benditt (1970), represents a more advanced myo-
stress stimulate sympathetic centres in the hypo- cardial lesion than that in Case 1. Case 3 showed
thalamus. This stimulation is particularly strong myocardial fibrosis resembling what Simpson (1967)
if the intracranial pressure increases, especially if termed the end stage of a primary non-specific
the increase is sudden. Catecholamines are released myocardial lesion. Vascular changes in the form
and the resulting increased cathecholamine concen- of fibrosis and thickening of the wall in small
trations cause myocardial lesions and cardio- arterial branches, in the absence of signs of necrosis
vascular disturbances. and inflammation of the vessel wall, were also

Catecholamines such as noradrenaline or iso- morphologically non-specific in type. They recall
prenaline given to experimental animals induce the reparative and sclerotic changes that Garbarsch
similar myocardial lesions (Eichbaum and Bissetti, et al. (1969) identified in rabbits after oxygen de-
1966). Garbarsch et al. (1969) noted degenerative privation as well as the postmortem findings in
and necrotic changes in the arterial wall of rabbits children described by Pesonen (1974) in cases of
after systemic oxygen deprivation for two weeks. hypoxaemia. Pesonen suggested that these vascular
In the processes ofrepair fibrosis and sclerosis similar lesions occurred either simultaneously with the
to human arteriosclerosis develop. According to myocardial lesions or preceded the latter-that is,
these workers similar changes in the arterial wall hypoxic myocardial lesions are sequelae of vascular
can be induced by the administration of changes.
exogenous catecholamines. We may reasonably assume that the severe
There are few reports on prognosis in cases of trauma to the skull and the development of myo-

recent encephalogenic myocardial lesions. Plueck- cardial fibrosis in Case 3 were related, for the
hahn and Cameron (1968) believed that infiltration following reasons. 1) The patient had a history of
with round cells or leucocytes may occur at later severe craniocerebral injury associated with un-
stages, and pointed out that this type of myocardial consciousness. 2) There was nothing to show that
lesion might produce only transient clinical he might have had cardiac disease before his
symptoms. Shkhvatsabaya (1961) and Shkhvats- accident. The measles and scarlatina later might
abaya and Postnov (1967) induced changes in the have played a part in the subsequent development
electrocardiogram and myocardial necrosis and of cardiac lesions. However, he was followed up
formation of granulation tissue in rabbits with after his accident at regular intervals for 7 years;
cerebral stimulation by blowing air into the lateral he never showed any signs or symptoms of cardiac
ventricles of the brain. disease. 3) The myocardial fibrosis was morpho-

According to Connor (1970) fuchsinophilic de- logically non-specific in character.
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The lesions in small arterial branches as well as Burch, G. E., Meyers, R., and Abildskov, J. A. (1954). A new
the myocardial lesions may have arisen in con- electrocardiographic pattern observed in cerebrovascular
junctionwithcranioceebrainuryanaccidents. Circulation, 9, 719.junction with craniocerebral injury and may have Burch, G. E., Sohal, R. S., Sun, S. C., and Colcolough, H. L.

been involved in the development of chronic (1969). Effects of experimental intracranial hemorrhage
ischaemic cardiac disease (cardiomyopathy), with a on the ultrastructure of the myocardium of mice. American
gradual increase of myocardial fibrosis resulting in Heart Journal, 77, 427.
heartfailure and death. This may occur without Burch, G. E., Tsui, C. Y., and Harb, J. M. (1972). Ischemicheart failure and death. This may occur without cardiomyopathy. American Heart Journal, 83, 340.

causing any preceding symptoms. Connor, R. C. R. (1968). Heart damage associated with
Reports suggest that it is not only craniocerebral intracranial lesions. British Medical Journal, 3, 29.

injury that can trigger the process in the myo-
Connor, R. C. R. (1969). Focal myocytolysis and fuchsino-injury that can trigger the process in the myo- philic degeneration of the myocardium of patients dying

cardium but also intracranial disease causing an with various brain lesions. Annals of the New York
increase in intracranial pressure. Academy of Sciences, 156, 261.

Connor, R. C. R. (1970). Fuchsinophilic degeneration of
myocardium in patients with intracranial lesions. British
Heart Journal, 32, 81.

Conclusions Cruickshank, J. M., Neil-Dwyer, G., and Stott, A. W.
(1974). Possible role of catecholamines, corticosteroids

Acute lesions of the myocardium after cranio- and potassium in production of electrocardiographic
cerebral injury are recognized increasingly and are abnormalities associated with subarachnoid haemorrhage.British Heart Journal, 36, 697.much discussed. These lesions may give rise to Eichbaum, F. W., and Bissetti, P. C. (1966). Cardiovascular
fibrosis of the myocardium, resulting in cardiac disturbances following acute increase of intracranial
insufficiency and death. In cases in which the past pressure. In Proceedings of the Fifth International Con-
history includes craniocerebral injury associated ference on Neuropathology, Amsterdam: Excerpta MedicaFoundation, pp. 1016-1020. Ed. by F. Luithy andwith unconsciousness, and myocardial fibrosis and A. Bischoff. Amsterdam.
cardiac insufficiency are present, a relation between Garbarsch, C., Mathiessen, M. E., Heln, P., and Lorenzen,
the latter lesions and the previous cerebral trauma I. (1969). Arteriosclerosis and hypoxia: gross and micro-
should be considered. scopic changes in rabbit aorta induced by systemicshouldbeconsidered. hypoxia. Histochemical studies. Journal of Atherosclerosis

Research, 9, 283.
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