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SUMMARY
The neuropathologicalfindingsof acute severe cerebral infarction were analyzed in
comparisonwith four autopsied cases and experimentalcerebral infarction in dogs. Four
autopsied cases with acute severe cerebral infarctionincluded1 male and 3 femalesranging in age from 57 to 68 years. All patients had histories of hypertension and cardiac
disease. Three of the 4 patients died within 7 days after clinicalevidence of infarction.In
3 patients, angiographyshowed an occlusionof internal carotid or middle cerebral artery
and a recanalization.A CT-scan was performed on two of these 3 patients and on the
one who• survived 22 days. Experimentalcerebral infarctionwas induced in 165 dogs by
injecting one or two silicone cylinders through the cervical internal carotid artery. The
embolus was found to have obstructed the main trunk of the middle cerebral artery in
102 dogs. And only 47 dogs or 50 per cent, had large hemisphericinfarctionoccupying
more than 50 per cent of the hemisphereinvolvingthe basal ganglia, cerebral cortex and
white matter.
The results obtained were as follows:1. Pathologicchanges of the autopsiedand experimental cases resembled each other closely.The gross specimens and histologicsections were reviewed, showing that the massive hemorrhagewas localized in the basal
ganglia and the petechial hemorrhagein the corticomedullaryjunctionof the infarct affecting the hemisphere in the middle cerebral artery distribution. It is suggested that the
massive hemorrhagemay be caused by the disruptionof the arteriole in the perforating
arterial terminal zone, and the petechialhemorrhageby the disruption of the venule in
the cortical arterial terminal zone. 2. The CT of the patient with fatal cerebral infarction
showed only large low-densityarea with a negativecontrast enhancementwhich occupied
the affected hemisphere almost entirely and which also showed remarkable mass effects.
Acute severe cerebral infarcts appeared as low density areas, with lower attenuation
values due to the presence of large amounts of edema fluid, therefore the addition of
blood in hemorrhagic infarct of the basal ganglia and the corticomedullaryjunction may
be negative on CT scan.
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INTRODUCTION
The findings of CT scan and pathological findings on autopsy were investigated in
four patients who died of acute severe cerebral infarction; and, further, a study was made

by comparing them with the pathological findings obtained from the model dogs with acute
large hemispheric infarction.

SUBJECTS AND METHODS
1) Autopsied Cases

The subjects included three females and one male with ages ranging from 57 to 68
years. All the patients were complicated by hypertension, three by atrial fibrillation, one by

left ventricular hypertrophy, and they showed suspected embolic cerebral infarction.
Hemiplegia or disturbance of consciousness occurred initially in all the patients. Three pa‑

tients died from day I to day 6, and only one died on day 22, which was probably caused
by recanalization in the latter period attributable to the adrninistration of a thrombolytic

drug. Cerebral angiography was performed on three of the four cases, revealing obstruction
of the internal carotid artery in one patient, obstruction of the middle cerebral artery in

another, and recanalization in the last one. A CT‑scan was performed on three patients
(Table 1). Autopsy was performed on all the patients. Horizontal or coronal sections of the

brain were prepared, after macroscopic observations, hematoxylin and eosin (HE) stain and

Table 1. Four autopsied cases of acute severe cerebral infarction. CAG= carotid angiography, CT =
computerized tomography, F = female, M = male, AF = atrial fibrillation, LVH = Ieft ven‑
tricular hypertrophy. R = right, L = Ieft, ICA = internal carotid artery, MCA = middle
cerebral artery.

Age. sex

Case l

Case 2

Cose 3

Case 4

57. F

68. F

59. F

67. M

Hy pe rtens i on

Yes

Yes

Yes

Yes

Ca rd i ac

AF

AF

AF

LV H

Initial symptoms

R‑ hem i pa res i s

L‑hem i pa res i s

L‑ Hem i p I eg i a

R‑Hemi pares i s

CAG findings

Occlusion of
L‑MCA

Occlusion of

No

Recana I i zat i on

CT examination

Day 3

No

Day O

Day 22

Day of death

Day 3

Day l

Day 6

Day 22

L‑ I CA
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specific stain were carried out for light microscopic samples.

2) Experimental Cases

Mongrel adult dogs weighing about 10kg were anesthetized with intravenous Nem‑
butal (20rnglkg), endotracheal intubation was performed, a cervical pararnedian incision was

made under spontaneous respiration, and 18 G teflon sheath needle (1.4mm in inside
diarneter, Hakko) was inserted from the right common carotid artery to the internal carotid

artery, one or two silicone cylinder (1.Imm in diameter, 8rnm in length) were injected, and

sarnples were prepared after 24 hours. For the light microscopic preparation, carbon
suspension was rapidly perfused from the beating left ventricle at 120mmHg pressure until

a black effluent appeared through the vena cava cannula. The brain was rernoved and fix‑
ed in a 10 per cent formalin for 7 days. The fixed brain was severed into seven coronal or

horizontal sections. After macroscopic observations they were embedded in paraffin, and

sections 150p and 15p in diameter were prepared. The former sections were deparaffined
an lucidificated with xylol, and the latter ones were stained with HE. For the electron
microscopic preparation, the ultrathin sections were prepared after perfusion fixation and

observed by a transmission electron microscope. Apart from this, after perfusion fixation

methyl methacrylate resin (Mercox) was infused from the contralateral common carotid
artery. Vascular cast specimens and frozen sections were prepared and observed by scann‑
ing electron microscope.

RESULT

*i*';j･i:*I

Frg. 1. (a): Brain slice of Case I showing confluent petechiae in the corticomedullary junction,
caudate nucleus and putamen of infarction affecting the hemisphere in the left middle
cerebral artery distribution. (b): The same level of (a) showing poor staining of the white mat‑
ter in the same region. Note the swelling of the affected hemisphere. Killver‑Barvera's stain.

1) Autopsied Cases
The autopsied brains showed exactly the same pathological findings in all the four pa‑
tients .

Figure la shows a cerebral horizontal section from Case 1, where infarction appears
extensively in the middle cerebral arterial distribution of the left hemisphere. Of the infarc‑

ted lesions, massive hemorrhage was seen in the cerebral basal ganglia, and petechial
hemorrhage was seen in the corticomedullary junction. Figure lb shows a stained myelin
sheath of the same section. The infarcted lesion,, especially the white matter is faintly stain‑

ed, markedly swollen, and exhibits a distinct border between the necrosed region and nor‑

mal region. Figure 2 shows a CT scan of the present patient photographed immediately
before his death. It reveals only a low density area extending to the whole area of the mid‑
dle cerebral arterial distribution in the left hemisphere accompanied by remarkable mass ef‑

fect. In addition, the contrast enhancernent was negative.

2) Experimental Cases
Of the 165 dogs in which embolization was performed with silicone cylinders, the em‑

bolization at the proxirnal portion of the middle cerebral artery could be made in 102,
among which infarcted lesion could histologically be proved in 94. Moreover, only 47 dogs

or 50 per cent, had large hemispheric infarction occupying more than 50 per cent of
hernisphere involving the basal ganglia, cerebral cortex and white matter.1) Of these 47

dogs, 27 were used for light microscopic preparation and 20 were used for electron
microscopic preparation.
Macroscopic findings: Figure 3 shows the horizontal sections o. f the model with large‑

sized infarction of the cerebral hemisphere after carbon perfusion. An extensive non‑filling

area, spreading over 50 per cent of the cerebral hemisphere, involving the basal ganglia,
cerebral cortex and white matter, was noted in the region tributed by the middle cerebral

artery. Furthermore, of these infarcted lesions, massive extravasation of carbon was seen
in the cerebral basal ganglia, and petechial extravasation was seen in the corticomedullary
junction.

Light microscopical findings: Figure 4 shows the H.E.‑stained specimens. Figure 4‑(1)

exhibits the contralateral cortex, in which the blood vessels are filled with carbon and
nerve cells are normal. Figure 4‑(2) exhibits the cortex of an infarcted lesion, in which an
edematous change is marked, the blood vessels are only partially filled with carbon, the in‑

travascular spaces are obstructed with erythrocytes, and nerve cells and glia cells are
necrosed and have become incrusted. Figure 4‑(3) exhibits the corticomedullary junction of

the infarcted lesion, in which the following can be noted: petechiae along the border,

dilated blood vessels due to being full of erythrocytes, spongy degenerated

1987

NEUROPATHOLOGICAL STUDY OF ACUTE SEVERE CEREBRAL INFARCTION

65

Fig. 2. CT of the same case as Fig. I showing only large low‑density area and negative contrast
enhancement in the left hemisphere with mass effect. (a): precontrast scan, (b): postcontrast
scan.
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Fig. 3. Brain slices of the dog showing carbon extravasation in the corticomedullary junction, caudate
nucleus and putamen of large non‑filling area in the right middle cerebral artery distribution.
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Fig. 4. Histological findings of the cortex on the opposite side 66 >< (1), and of the cortex 132 x (2),
corticomedullary junction 33 x (3) and basal ganglia 33 x (4) on the lesioned side. Hernatoxylin
and Eosin.

neuropil, and necrosed nerve and glia cells. Figure 4‑(4) exhibits the cerebral basal ganglia,

with the following: massive hemorrhage around the necrosed blood vessels, spongy
degenerated neuropil, and necrosed nerve and glia cells.
Electron microscopical findings: The upper part of Figure 5a shows the vascular cast

of . a normal dog. Arterioles approximately 50pm in diameter exhibit elastic course bran‑
ching to three‑dimensions and have nuclear indentation and ring‑shaped compression on the

surface. The lower part of 5a shows the frozen section. Arterioles filled with Mercox,
srnooth vascular wall, tight perivascular spaces, and flat and smooth neuropils are noted.

The ultrathin section as shown in Figure 6a, shows no abnormalities in endothelial cell of
capillary, basal lamina and neuropils. The upper part of figure 5b shows the vascular cast
of the ischemic cortex. Arterioles lost elasticity and are surrounded by shrunken capillaries.

In the lower part of 5b, which is a frozen section, capillaries are shrunken, perivascular
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Fig' 5' ElectronmicrophotographS ot the vascular cast (upper) and cryotracture (tower) showing the
artery' arteriole and capmary in the normal canine cerebral cortex (a)' shrinkage ot the
copinary and entarged Pericapiuary space in the iSchemic cortex (b)' Ieakage ot Mercox
around Venular adventitia in the ischemic corticomedunary iunction (c) and aneurysmal dnata‑
tion at arteriotar bifurcatio (upper arrow)' extravasation ot numerous red btood cens and Mer‑
cox (tower arrow) in the ischemic basal ganglia (d) at 24 hours' A artery' a = arteriole' c =

capinary' v= venule' Bar= Ioo!Im'
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space is enlarged markedly and neuropils contain many vacuoles. Also in Figure 6b, which
is an ultrathin section, foldings increase in the luminal surface of capillaries, thinning of

walls and vacuolization are partly noted, and edematous fluid is accumulated in the
perivascular spaces, containing cell debris and myelin sheaths. Figure 5c shows venules in

the corticomedullary junction. Venules are generally shrunken and crumpled, and on the
other hand, in some places they are enlarged and even burst, causing leakage of Mercox
around its adventitia. The frozen section also exhibits Mercox and few erythrocytes in the

perivascular spaces. In Figure 6c, a few erythrocytes are extravasated in th dilated
perivascular space. Figure 5d shows arterioles in the cerebral basal ganglia. Aneurysm‑1ike

dilatation of Mercox are noted at their bifurcation. In the frozen section Mercox and er‑

throcytes are massively extravasated, developing a marked perivascular edema. Figure 6d

Fig. 6. Electronmicrophotographs of the ultrathin section showing the capillary in the normal canine
cerebral cortex (a), surface infolding of the capillary in the ischemic cortex (b), the dilated
perivenular space in the ischemic corticomedullary junction (c) and bleb formation of the
arteriole (arrow) in the ischemic basal ganglia (d) at 24 hours. V = venule, ss = perivascular

space, Bar= 1/am.

sh*ows bleb formation in the endothelial cell and smooth muscles of degenerated arterioles,

swelling and breakage in the basal membrane, and enlarged perivascular spaces with
numerous erythrocytes and fibrin matrix.

DISCUSSION
The findings on the autopsied brains of the patients with acute severe cerebral infarc‑

tion were entirely similar to those on the model dogs with large‑sized infarction of the
cerebral hemisphere. In acute large hemispheric infarction, an extensive infarction was pre‑

sent in the region tributed by the middle cerebral artery with massive hemorrhage in the
basal ganglia belonging to the perforating arterial terminal zone and petechial hemorrhage
in the corticomedullary junction belonging to the cortical arterial terminal zone.

The occurrences of massive hemorrhage in the cerebral basal ganglia caused by mid‑
dle cerebral arterial obstruction are occasionally encountered in experimental cases2 8) and
clinical cases.9 10) Mechanisms for this occurrence are such that, bacause the lenticulostriate

arteries are terminal ones and lack anastomosis between the perforating branches, occlusion

of this terminal artery can cause not only severe ischemia in the basal ganglia but also
necrosis of the arteries. Therefore, if recanalization occurs by new construction of col‑

lateral circulation or migration of the embolus, probably disruption of arterioles takes
place, resulting in massive hernorrhage. Next, as the authors have already reported,11) the

mechanisms involving petechial hemorrhage occur in the corticomedullary junction in the
ischemic lesion are probably as follows: The leptomeningeal arteries have well‑developed
collateral circulation on the cerebral surface, but they lack anastomoses inside the brain

and become terminal arteries, so that ischemia occurs more severely in the subcortex of
the brain than on the cortex. The excessive blood flow on the surface overflows into the

intact cortical artery not obstructed even by edema in the peri‑ischemic region, passes
through the arteriovenous shuntl2) at the corticomedully junction and, finally, flows into the

venous side, damaging the vascular walls, thus resulting in petechial hemorrhage.

The findings of CT showed only a low‑density area accompanied by marked massive
effects and extending over the whole area of the middle cerebral arterial distribution, but

could not detect, as a high density area on CT, slight hemorrhage in the basal ganglia or

corticomedullary junction seen in the autopsied brains, probably because of masking with
cerebral edema. It is also suggested that decreased blood flow lessens drastically extravasa‑

tion of the contrast media, Ieading to negative contrast enhancement.13,14)

GARCIA et al.'sl5) well‑known reports show that cerebral infarction was prepared in

monkeys by occlusion of the middle cerebral artery, and a three‑zone separation of the

histological features is suggested, namely, central, reactive and marginal zone. This
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discremination, however, conforms only to anemic infarction occuring at the cortex and sub‑

cortex in the middle cerebral arterial distribution, and no discription has been given for

hemorrhagic lesions in the basal ganglia or corticomedullary junction revealing specific
vascular structure. Recently, ASTRUP et al. 16) have proposed a concept of ischemic penum‑
bra. In other words, they stress that a half‑killed part of the tissue is present in the region

around the ischemic lesion like the ring‑shaped penumbra surrounding the dense block
shadow at the time of a solar eclipse, and that, because this part is recoverable, it is also

clinically of importance to recognize the condition of the penumbra. Although the word,
"penumbra" is of interest as an expression, KAMEYAMA17) advises that conceptionally it is

not new, and these observations had been performed for the cerebral cortex in animal ex‑

periments in the past, confirming that, though distribution mechanisms abundant in col‑
lateral circulation are common in the cerebral cortex, the same is not true of the basal

ganglia and white matter.
Therefore, in cases of acute severe cerebral infarction caused by obstruction in the in‑
ternal carotid artery or middle cerebral artery, specific vascular structure induces localiza‑

tion of two different lesions: that is, massive hemorrhage in the cerebral basal ganglia of

the infarcted hemisphere and petechial hemorrhage in the corticomedullary junction. Conse‑
quently, their treatment should be considered very carefully.
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