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In any pathologic condition which leads to increased pressure within the skull, 
it is necessary to differentiate between the "primary lesion" which causes the 
pressure increase and "secondary lesions" which may develop as sequelae of the 
increased pressure. Since Attwater (2) demonstrated that pontine hemorrhages 
accompanying apoplectic or traumatic cerebral hemorrhages are secondary in 
nature, several papers have been published on the subject of secondary lesions, 
and it has become obvious that vascular compression is the essential factor in 
their pathogem~sis. During the last few years special study of this etiologic 
mechanism has shown that it is more common than would appear from the lit
erature and that it is obviously the cause of a variety of lesions hitherto unsatis
factorily explained. 

The present paper gives a survey of the various sites and mechanisms of ar
terial compression and of the nature and areas of predilection of the resulting 
lesionq 

I. MATERIAL 

The material comprises more than 250 cases which macroscopically demonstrated alter
ations caused by vascular compression. Brain trauma cases of all varieties with space
occupying epi- and subdural hematomas, contusion hemorrhages, swelling of necrotic 
tissue and generalized swelling of the brain represent the largest group in the material. 
In addition, there are included cases with other space-consuming conditions, such as 
tumors, abscesses, apoplectic hemorrhages, large embolic or thrombotic softening and 
generalized brain swelling due to various causes. All age groups, from infancy to senility, 
are represented in this material. The different phases of the lesions, ranging from their 
earliest manifestations to permanent scleroses or tissue defects, were studied, mainly in 
blunt head injuries. 

II. ARTERIAL COMPRESSION AND ITS SEQUELAE IN GENERAL 

Compression occurs when the external pressure exerted upon a vessel is higher 
than the intravascular hydrostatic pressure of the circulating blood. Veins are 
more easily compressed than arteries because of their low internal pressure, but 
tissue damage solely due to impediment of the venous outflow is rare because the 
large number of venous anastomoses usually provide sufficient drainage. The 
majority of lesions are caused by arterial compression. This requires a high out-
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side pressure if the blood pressure remains normal. Yet, if there is a fall in blood 
pressure, even for a few minutes, an external pressure, which under normal con
ditions would not have interfered with circulation, may bring about compression. 

The compression may be complete and cause total or partial softening of the 
respective arterial supply area. It may be incomplete and result in "incomplete 
necrosis" with subsequent sclerosis of the tissue without formation of a cyst. 

Since the type and extent of a lesion is determined only by the degree of oxygen 
deficiency within the tissue, the characteristics of a lesion do not depend solely 
on the degree of compression but also on the degree of oxygen saturation of the 
blood, on structural changes and functional disorders of the involved artery, 
and on the effectiveness of its anastomoses. Furthermore, the histologic changes 
of the various cell types within an area of necrosis are influenced by the rate of 
oxygen depletion (Lindenberg (12), Lindenberg and Noell (14)). 

The specific location of a lesion is, of course, determined by the site of arterial 
compression. This occurs more easily in certain topographical areas than in 
others, and the most important of these areas are in the vicinity of the edges of 
falx, tentorium, foramen occipitale magnum, the interpeduncular fossa, the 
rostral portion of the Sylvian fissure, and the depths of cerebral and cerebellar 
sulci. Thus, the majority of secondary lesions are found in certain areas of predi
lection. 

Although the topographic anatomical characteristics determining the predi
lection of these areas are in general the same in all human beings, they show some 
variation from individual to individual. The falx and tentorium may be thick 
and rigid, or thin and elastic, the arteries crossing their edges may pass over 
crests or through valleys of gyri, and the fossa interpeduncularis may originally 
be wide or narrow. These and other variations often determine whether or not 
significant vascular compression will occur in a given case. Occasionally, com
pression of vessels takes place in brain areas other than those of predilection, 
mainly in the immediate vicinity of space-occupying lesions such as epi- and 
subdural hematomas. 

If the increased intracranial pressure leads to major shifting of the brain struc
tures, the vessels are often not only exposed to pressure but also to other types of 
stress, especially tension. These additional forces may contribute to the develop
ment of lesions but compression appears to be the sine qua non. 

III. FINDINGS 

A. Findings at the Areas of Compression 

In examining a well-fixed brain which had recently been under pressure one 
may find, besides flattening of the gyri, sharply demarcated grooves in the area 
of the hippocampal gyri and at the anterior surface of the cerebellum (figs. 1 and 
2). Depending on the direction of the pressure and the individual structure of the 
incisura tentorii, these pressure marks may develop uni- or bilaterally. A her
niation of the hippocampal gyri need not be present. Similar pressure marks 
may be observed in the cingulate gyri opposite to the edge of the falx, in the 
posterior orbital lobe opposite to the edge of the small sphenoid wings, and at 
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FIG. 1. Herniation of hippocampal gyrus with pressure groove caused by edge of the 
tentorium. Compression of interpeduncular fossa. Pressure hemorrhage in midline of 
midbrain. Primary lesion: traumatic, subdural hematoma. Survival: 30 hours. 

FIG. 2. Cerebellum, seen from above, with sharply demarcated, tentorial pressure grooves 
crossed by peripheral branches of superior cerebellar arteries. Operative hemorrhage over 
left hemisphere. Pressure caused by traumatic symmetrical brain swelling in a child. Sur
vival: 3 days. 
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FIG. 3. Section at the level of the tuber cinereum with pressure necrosis in right uncus 
caused by tentorial edge. Primary lesion: generalized brain swelling following cardiac 
arrest 3 days prior to death. 

FIG. 4. Old pressure necrosis in left peduncle of midbrain. See text. 

the posterior aspect of the cerebellar tonsils opposite to the edge of the foramen 
occipitale magnum. The vessels crossing these grooves are often sharply indented 
and sometimes completely flattened and compressed. In some cases this may be 
a post mortem artefact. However, there are often small blood extravasations 
within the grooves and, on cut section, circumscribed, hemorrhagic pressure 
necroses are found. These lesions definitely prove that severe pressure was 
exerted on the vessels during life. The small necroses may be ischemic and hardly 
discernible from neighboring undamaged tissue (fig. 3). If the increased pressure 
is survived for a longer period of time, these lesions become scars which are easily 
overlooked. They may be the only proof of former, severely increased intracranial 
pressure in those cases in which the space-consuming lesion, for instance a hemor
rhage, had been absorbed or the pressure had been caused by a temporary 
generalized brain swelling. Figure 4 shows an old sclerosis as a sequela of a 
Kernohan notch in the lateral portion of a midbrain peduncle resulting from 
former pressure of the area against the edge of the tentorium due to a massive 
hemorrhage in the right temporal lobe. 

B. Findings in Arterial Supply Areas 

1. Posterior Cerebral Artery: Lesions due to compression of arteries occur most 
frequently in the supply area of the posterior cerebral artery, of its cortical as 
well as its brain stem branches. 
Cortical Branches: Each branch of the posterior cerebral artery crossing the edge 
of the tentorium may be compressed separately or in combination with others. 
If branches of both posterior cerebral arteries are simultaneously involved, 
lesions may be found in both hemispheres (fig. 5). The necrosis is usually confined 
to the cortex and may be ischemic or hemorrhagic. It characteristically begins at 
the site of compression and covers the entire supply area of the compressed 
artery. If the compression is complete, both the gray and the white matter of 
the supply area become necrotic as in the case of an embolic occlusion. 
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FIG. 5. Bilateral, hemorrhagic softening due to compression of branches of both posterior 
cerebral arteries by tentorial edge. Primary lesion: traumatic, subdural hemorrhage. 
Survival: 2 days. 

FIG. 6. Old scar in the calcarine area of both occipital lobes in a 29 year old individual 
with cerebral palsy. First epileptic attack 8 hours after birth. 

The mildest degree of tissue damage constitutes a loss of nerve cells and glial 
elements. The early phase of such incomplete necrosis can be identified only by 
microscopic examination. The end phase, a sclerosis, can often be grossly recog
nized as in the calcarine areas of a case with birth injury, shown in Figure 6. 
Occasionally, it is less conspicuous, and microscopic examination may reveal a 
pseudo-laminar loss in nerve cells extending over several convolutions. 

Since the calcarine area is of clinical importance, it may be mentioned that 
it is supplied by a separate branch of the posterior cerebral artery. Therefore, it 
may be injured exclusively or may escape damage while the supply areas of the 
other branches become necrotic. 

The cortical branches of the posterior cerebral artery include most of those 
which supply the Ammon's horn. According to Ushimura, two types of branches 
must be differentiated. Long arteries, usually 2 or 3 in number, enter the Am
mon's horn through the fissura hippocampi and supply the Sommer sector as 
well as the adjacent part of the subiculum. Several short arteries enter the fissura 
dentata near the fimbria hippocampi and supply the remainder of the Ammon's 
horn. Figure 7 gives a sketch of the Ammon's horn arteries in relation to the 
tentorium. If the hippocampal gyrus is pressed against the edge of the tentorium, 
the long arteries are within the pressure range, because they run perpendicular 
to the tentorial edge. The short branches, however, often escape compression 
because, in their course through the cisterna ambiens, they stay medially from 
the tentorial edge. This topographical relation of the Ammon's horn arteries to 
the tentorial edge explains the high incidence of Ammon's horn lesions among 
our cases. Most frequently only Sommer's sector was involved indicating that 
the incisura tentorii was relatively wide and that only the long arteries had been 
compressed (fig. 19). In cases in which the tentorial edge was closer to the mid
brain, the entire Ammon's horn became necrotic. If, in addition, the temporal 
branches of the posterior cerebral artery were compressed, only the small sector 
of the gyrus hippocampi closest to the stem of the artery and facing the cisterna 
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FIG. 7. Arterial supply of Ammon's horn on cross section. Note that the long Ammon' 
horn artery of Ushimura runs perpendicularly to the edge of the tentorium. 

FIG. 8. Complete necrosis of Ammon's horn and cortical necrosis of lower surface of 
temporal lobe due to compression of arteries by tentorial edge. Only that part of the hip
pocampal gyrus extending into the cisterna ambiens is preserved. Primary lesion: trau
matic, generalized brain swelling. Survival: 2 days. Nissl stain. 

FIG. 9. Secondary lesions due to a 30 day old traumatic subdural hematoma with the 
same distribution pattern as in Figure 8. 

FIG. 10. Sclerosis of entire left Ammon's horn and cystic pressure lesion in left hippo
campal gyrus opposite to tentorial edge. Small sclerosis in left lateral geniculate body. 
Thirty-one year old epileptic. 

ambiens retained a normal cellular structure. Figure 8 shows the early phase of 
this variety of Ammon's horn damage in a case with acute post-traumatic brain 
swelling in a child. The notch caused by the tentorial edge is readily visible. 
Figure 9 exhibits a gross lesion of the same distribution, which was survived for 
approximately 30 days. The pressure had originated from a traumatic subdural 
hematoma. Occasionally, an old Ammon's horn sclerosis is accompanied by a 
residual of a pressure necrosis in the hippocampal gyrus opposite to the edge of 
the tentorium, a finding which confirms the opinion that Ammon's horn sclerosis 
is a sequela of arterial compression (fig. 10). 
Brain Stem Branches: The branches which are most prone to be compressed are 
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those which pass through the interpeduncular fossa to the thalamus, the caudal 
hypothalamus and the medial sector of the midbrain and upper pons (fig. 11). 
Compression is effected by narrowing of the interpeduncular fossa and by wedg
ing of the mammillary bodies into it (fig. 1). In cases where death is due to acute 
generalized brain swelling, this compression results in marked ischemia of the 
thalami (fig. 12). Their pale color contrasts sharply with the darker gray of the 
striate bodies. If ischemia of this extent is survived, a softening of almost the 
entire thalamus develops as shown in Figure 13. The wall of the third ventricle 
and the anterior nucleus of the thalamus are usually better preserved because 
they are supplied by branches of the posterior communicating and the medial 
posterior choroidal artery, respectively. These vessels are fairly well protected 
against pressure because of their location. Such widespread necrosis of the thala
mus is usually accompanied by extensive necrosis in the midbrain. If the compres
sion is less severe, smaller softenings may develop primarily in the lateral and 
medial nuclei. They are not difficult to identify at autopsy, even in their early 
phase (fig. 14). Incomplete necroses, the most frequent sequelae of compression, 
are less conspicuous. Grossly they constitute pale, often irregularly shaped areas 
which give the thalamus a mottled appearance. These may be mistaken for 
sequelae of terminal irregular distribution of blood in which case no necrobiotic 
changes of nerve cells can be found. In the true hypoxic lesions, however, the 
nerve cells undergo regressive alterations and ultimately disappear (fig. 15). The 
astrocytes react with the formation of a glial scar. At this end phase, the focal 
areas are still grossly paler than the intact portions of the thalamus and are 
firmer because of the sclerosis (fig. 16). 

In the midbrain and upper pons, the most frequent lesion is a more or less 
massive hemorrhage which characteristically begins in the midline (fig. 1). Before 
the hemorrhage develops, there is an edema which is the first sequela of oxygen 
deficiency. This may be partially due to compression of extracerebral veins. 
However, reduction of arterial blood flow seems to be the major cause because a 
congestion of intracerebral veins which should be expected neither precedes nor 
accompanies the edema. Once the walls of the small vessels become permeable, 
hemorrhages develop from arterioles, capillaries and veins. In cases of severe 
compression of the interpeduncular fossa a necrosis of the entire midbrain may 
be found in addition to a midline hemorrhage (fig. 17). If a patient with a simi
larly severe lesion is kept alive by artificial respiration and other modern methods, 
the midbrain may exhibit a picture as that in Figure 18 from a patient who after 
an auto accident lived in an unconscious condition for 3 months. The cystic 
lesion in the midline of this midbrain is the end phase of a hemorrhage. The 
atrophy of the tegmentum is caused by widespread incomplete necrosis. 

Of the other brain stem branches of the posterior cerebral artery which may 
be compressed, only the geniculate arteries which supply the geniculate bodies 
and the adjacent tissue will be mentioned. They may be squeezed between the 
gyrus hippocampi and thalamus and a necrosis in either one or both of the 
geniculate bodies may ensue. Figure 19 shows fresh necrosis of the lateral genicu
late body associated with a necrosis of the Ammon's horn. A closer examination 
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Fro. 11. Normal anatomy of arteries at the base of the brain. Note the large number of 
branches of the posterior cerebral arteries passing through the interpeduncular fossa. 

Fro. 12. Marked ischemia of thalami due to compression of its arteries in the inter
peduncular fossa. Primary lesion: generalized brain swelling after blunt head injury in a 
1% year old child. Survival: about 30 minutes. 

Fro. 13. Complete, fresh necrosis of thalamus in a 70 year old individual due to compres
sion of arteries in the interpeduncular fossa. Primary lesion: traumatic, subdural hema
toma. Survival: 5 days. Nissl stain. 

Fro. 14. Bilateral softening in thalamus due to compression of its arteries in the inter
peduncular fossa. Primary lesion: traumatic, subdural hematoma. Survival: 3 days. 

Fro. 15. Old lesion characterized by loss of nerve cells in center of thalamus due to com
pression of its arteries in interpeduncular fossa in a mental defective with epilepsy since 
infancy. Nissl stain. , : 

Fro. 16. Sclerosis in bpth thalami of an infant caused by compression of its arteries in 
interpeduncular fossa. Primary lesion: subdural hematoma. Marked sclerosis of cortex 
around the depths of the sulci in the dorsal half of left hemisphere subjacent to the hema
toma. 
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FIG. 17. Extensive, fresh necrosis of midbrain and both thalami by compression of 
arteries in the interpeduncular fossa. Primary lesion: traumatic, subdural hematoma. 
Survival: 10 days. 

FIG. 18. End phase of severe necrosis of tegmentum of midbrain and old midline hemor-
rhage caused by compression of arteries in interpeduncular fossa. Primary lesion: traumatic 
subdural hematoma. Survival: 3 months. (See figure 17). 

FIG. 19. Fresh necrosis in lateral geniculate body and Ammon's horn in a case with acute 
traumatic brain swelling. Survival: 2 days. Nissl stain. 

FIG. 20. Softening of supply area of the right anterior choroidal artery caused by vascu
lar compression. Primary lesion: traumatic subdural hematoma. Survival: 1 month. 

FIG . 21. Bilateral softenings in pallidum caused by compression of branches of the an
terior choroidal arteries. Primary lesion: carcinoma metastasis in left parietal lobe. 

FIG. 22. Fresh, hemorrhagic softening due to compression of branches of the left anterior 
cerebral artery by the edge of the falx. The lower part of the cingulate gyrus facing the 
interhemispheric cistern is preserved. Primary lesion: fresh, traumatic subdural hematoma 
over left hemisphere . Survival: 8 hours. 
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of Figure 10 reveals that also in this case the left lateral geniculate body shows 
a tiny circumscribed sclerosis. 

2. Anterior Choroidal Artery: The anterior choroidal artery may be affected 
by pressure on its course between the gyrus hippocampi and the optic tract 
where it is within the pressure range of the rostral part of the tentorial edge 
(fig. 11). Occasionally, almost the entire supply area of the artery becomes ne
crotic as is shown in Figure 20 from a case in which pressure originated from a 
traumatic subdural hematoma over the ipsilateral hemisphere. The wall of the 
third ventricle and the mammillary bodies are not involved, because they are 
supplied by small branches of the posterior communicating artery. In most in
stances, only the pallidum branches of the anterior choroidal artery are com
pressed with subsequent necrosis of varying degree in the medial portion of the 
pallidum. If this occurs bilaterally (fig. 21), the findings may be very similar to 
the symmetrical pallidum necroses in carbon monoxide poisoning or in hypoxia 
(Altmann and Schubothe) (1). Compression of hippocampal branches results in 
lesions in the rostral portions of the uncus and in the amygdaloid nucleus. 

3. Anterior Cerebral Artery: The relationship of the anterior cerebral artery to 
the falx is similar to that of the posterior cerebral artery to the tentorium. Vari
ous branches of the anterior cerebral artery may be pressed against the edge of 
the falx especially in unilateral space-consuming processes. The gyrus cinguli or 
that part of it which faces the cisterna interhemispherica usually escapes necrosis, 
since the arterial branches supplying it pass below the edge of the falx (fig. 22). 
The fronto-orbital branches and even the stem of the anterior cerebral artery 
may be compressed if the caudal gyri recti herniate into the cisterna prechias
matica. 

4. Middle Cerebral Artery: The middle cerebral artery appears to be well pro
tected against compression because neither its stem nor its branches are topo
graphically related to edged, firm intracranial structures. However, secondary 
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. FIG. 23. Compression of the stem of the right middle cerebral artery near limen of insula 
witli progressed cortical softening of its entire supply area. Primary lesion: traumatic 
subdural hematoma. Survival: 3 months . 

FIG. 24. Fresh, cortical necrosis of entire supply area of both carotid arteries in an in
fant. The arteries were compressed by generalized brain swelling. 
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lesions in their supply area are not as rare as may be anticipated. There are 2 
danger areas where the artery may suffer compression by the brain tissue: (1) 
The rostral portiorL of the Sylvian fissure where the stem of the artery passes 
around the limen of the insula, and (2) the caudal portion of the fissure from 
which the posterior branches tlf the artery emerge to supply the cortex at the 
convexity of the caudal half of the hemisphere. Figure 23 illustrates the first 
location. Due to pressure exerted by a traumatic subdural hematoma the caudal 
orbital lobe had herniated over the sphenoid ridge into the middle cranial fossa 
and the stem of the right middle cerebral artery was squeezed between the rostral 
uncus and the area olfactoria, distally from the origin of the branches supplying 
the striate body. Therefore, putamen and caudate nuleus show no gross lesion, 
whereas the cortical supply area of the artery reveals extensive softening. If the 
caudal branches are compressed, the softening is limited to their supply areas. 
Compression of these branches may be facilitated by a reduction of blood flow in 
the stem of the artery due to either partial compression or an organic, e.g. arterio
sclerotic, narrowing. 

5. Internal Carotid Artery: In rare instances, the intracranial portion of the 
internal carotid artery may be compressed. This mechanism took place in an 18 
month old child, who suffered from toxic pneumonia accompanied by high fever 
and unconsciousness and developed severe generalized brain swelling. When the 
dura was opened, the extremely soft brain prolapsed like a pudding. Both carotid 
arteries were firmly pressed against the base of the skull. They showed no organic 
occlusion. Compression of their cervical portion could be ruled out. The cortex 
supplied by both anterior and middle cerebral arteries was freshly softened and 
the same was true for the striate bodies. Those portions of the brain supplied 
via the vertebral arteries were intact (fig. 24). 

6. Pontine Branches of Basilar Artery: The hemorrhages in the midline of the 
midbrain and upper pons are often accompanied by lesions in the lower half of 
the pons (fig. 25). If the hemorrhages in these 2 areas coalesce, they may errone
ously give the impression of a single lesion. However, the lower pontine hemor
rhages are not related to vascular compression within the interpeduncular fossa, 
but occur due to compression and stretching of the small paramedial branches 
of the basilar artery if it is pressed against the clivus while the pons continues 
to shift caudally. The first sequela of hypoxia is an edema and a necrobiosis of 
nerve cells. The tissue is swollen and pale, and seldom shows a congestion of the 
pontine veins, not even in the initial phase of the edema. Then, hemorrhages 
develop starting in the midline and expanding bilaterally, a process in which 
veins may take part. However, it should be emphasized that a hemorrhage need 
not occur. Figure 26a shows a fresh edema of the pons, and a gray discoloration 
in that area in which hemorrhage usually develops. This discoloration indi
cates the early phase of an incomplete necrosis. Figure 26b illustrates a simi
lar lesion in its late phase (3 month old) without showing residuals of former 
hemorrhage. The location of these lesions coincides with the supply area of the 
paramedial branches of the basilar artery and, therefore, suggests that impair
ment of the arterial circulation was the initial cause for their development. This 
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Fra. 25. Compression hemorrhage in dorsal base of pons accompanied by midline hemor
rhage in midbrain . Primary lesion: traumatic subdural hematoma. Survival: 4 days. 

Fra. 26. a. Edema and fresh, ischemic necrosis in base of pons secondary to epidural 
hematoma. Survival: 1 day. b. Old, ischemic scar in base of pons secondary to subdural 
hematoma. Survival: 3 months. 

Fra . 27. Coagulation necrosis in midline of base of pons , surrounded by granulation 
tissue containing iron pigment. Primary lesion: traumatic subdural hematoma. Survival: 
2 months. Iron stain. 

conclusion is supported by the histologic findings in a 2 month old pons lesion 
which at gross examination was regarded as an old hemorrhage because of its 
rusty brown color. An iron stain, however, revealed that the hemorrhage had 
only surrounded an oval-shaped area of permanent necrosis of tissue to which 
the paramedial branches of the basilar artery furnished the blood supply (fig. 
27). The nature and the location of this necrosis can only be explained by a dis
turbance of the arterial circulation. 

7. Cerebellar Arteries: In Figure 2 attention was called to the pressure grooves 
left by the tentorial edge on the rostral surface of the cerebellum. The lateral 
branches of the superior cerebellar arteries may be compressed within these 
grooves and symmetrical softenings in their supply areas may result (fig. 28). 
The medial branches supplying the culmen were not involved in this case. Some
times, however, these may be the only ones which suffer compression and, there
fore, the tissue damage may be restricted to their supply area as is illustrated in 
Figure 29. Figure 30 exhibits sclerosis of lobuli in the supply area of all cortical 
branches of the superior cerebellar artery caused by tentorial pressure in a case 
of severe internal hydrocephalus. Since deep branches of the same arteries sup
ply the dentate nuclei, these structures may also become necrotic. Figure 31 
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FIG. 28. Symmetrical softening in oral halves of both cerebellar hemispheres due to 
compression of peripheral branches of both superior cerebellar arteries by tentorial edge 
(see fig. 2). Primary lesion: traumatic subdural hematoma. Survival: 13 days. 

FIG. 29. Sclerosis of culmen of cerebellum due to former compression of its arteries by 
the tentorial edge in an individual with cerebral palsy . Nissl stain. 

FIG. 30. Sclerosis of rostral part of cerebellum due to chronic compression of superior 
cerebellar artery by the tentorial edge. The other hemisphere was likewise involved. Pri
mary lesion: internal, hypertensive hydrocephalus. 

FIG. 31. Fresh necrosis of right dentate nucleus and of cerebellar cortex due to compres
sion of branches of the superior cerebellar arteries by the tentorial edge. Primary lesion: 
traumatic subdural hematoma. Survival: 13 hours. 

FIG. 32. Sclerosis of lobuli in both cerebellar tonsils as sequela of former compression of 
branches of inferior posterior cerebellar arteries by herniation of the tonsils in a 50 year 
old epileptic . 

FIG. 33. Sclerosis of lobuli in supply area of both inferior posterior cerebellar arteries 
as sequela of former compression by the rim of the foramen magnum in a case of post
traumatic epilepsy. Accident 7 years prior to death. 
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shows fresh necrosis of the right dentate nucleus as a lesion secondary to pressure 
caused by a traumatic subdural hematoma. It was associated with fresh necrosis 
in the supply areas of cortical branches of both superior cerebellar arteries. Oc
casionally, both dentate nuclei may be involved. They show more often incom
plete necrosis with subsequent sclerosis than complete softening. 

The rim of the foramen occipitale magnum may cause vascular compression, 
more specifically, compression of the inferior posterior cerebellar arteries and 
their branches. If the branches supplying the tonsils are compressed, the tonsilar 
lobuli may show all degrees of necrosis, with an end phase of sclerosis as in Figure 
32. Compression of the peripheral branches of these arteries results in uni- or 
bilateral lesions in the lower surface of the cerebellar hemispheres. Figure 33 
demonstrates symmetrical sclerosis in their supply areas in a case of post-trau
matic epilepsy. If arteries at the ventral surface of the medulla oblongata are 
pressed against the rim of the foramen, a loss of nerve cells in one or both oli
vary bodies occasionally ensues. 

8. Terminal Branches of Various Arteries, Especially Those in Sulci: Increased 
intracranial pressure may exhibit its principal effects on the small terminal 
ramifications of branches of the various arteries which cover the surface of the 
brain before entering the cortex. That a severe pressure on the brain or severe 
brain swelling causes reduction of arterial blood flow, has been demonstrated 
by arteriography; therefore, these terminal ramifications are the first to be com
pressed. Since those which pass into the sulci to supply the hidden portions of 
the cortex ate farther from their parent branches than those supplying the crest 
of the convolutions, the cortex within the sulci constitutes a predilection area 
of pressure necrosis. Figure 34 is from a 4 year old child who survived a traumatic 
generalized brain swelling for 2 days. The cortex facing the sulci was necrotic, 
whereas the cortex at the crest of the convolutions was relatively unharmed. 
Only where a larger arterial branch passed through the sulcus was there an island 
of better preserved tissue. The same pattern of distribution could be observed 
in the cerebellum (fig. 35). Of course, in rare cases of extreme intracranial pressure 
the entire cortex may become necrotic, especially if the arteries are narrowed 
by an organic disease, for instance arteriosclerosis, as it was in the case shown in 
Figure 36. This 72 year old man had been hit by a car. He developed a left con
vexity subdural hematoma which was removed at operation. The left hemisphere 
prolapsed through the operative defect and, at autopsy, it fell apart because of 
multiple hemorrhages within the extremely softened tissue. The right hemisphere 
was preserved in its gross structure, but its entire cortex and even the brain stem 
ganglia showed severe necrosis. 

C. Findings in Areas Other Than Predilection Areas 

Lesions due to arterial compression are not confined to the typical predilection 
areas described but develop also in areas which are determined by local pressure 
of the original space-consuming lesion on the adjacent tissue. This occurs most 
frequently in areas subjacent to subdural hematomas, therefore mainly in the 
dorsal halves of the cerebral hemispheres. The following 2 cases will illustrate 
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FIG. 34. Extensive, fresh cortical necrosis, predominantly in the valleys of the gyri, by 
compression of terminal branches of cerebral arteries. Primary lesion: traumatic generalized 
brain swelling. Survival: 2 days. Nissl stain. 

FIG. 35. Sclerosis of cerebellar cortex in the depths of the sulci as sequela of compression 
of terminal branches of cerebellar arteries after birth trauma. Nissl stain. 

FIG. 36. Fresh necrosis of entire cortex and brain ~tern ganglia in right hemisphere. 
Destruction of severely necrotic left hemisphere. Primary lesion: traumatic subdural 
hematoma and contusion of left hemisphere. Aggravating factor: severe arteriosclerosis 
of all brain vessels. Survival: 13 days. Same case as in Figure 28. 

FIG. 37. Old cortical softening in dorsal halves of both hemispheres due to local pressure 
by traumatic hematomas. Hydrocephalus ex vacuo. Same case as in Figure 18. 

this topographical relationship. In the case shown in Figure 37 the bilateral 
traumatic subdural hematomas had exerted a pincer-like pressure on the anterior 
half of both convexities causing extensive cortical softening in the area under
lying the hematomas. Since the lesions were approximately 3 months old, the 
white matter was severely shrunken, and a considerable hydrocephalus ex vacuo 
had developed. Of course, the development of the cortical necrosis can not be 
solely ascribed to the local pressure. One must assume that in the first days after 
the hematoma had reached its maximum, the entire brain had been under severe 
pressure. The secondary lesion in the midbrain of this case, shown in Figure 18, 
confirms this assumption. Beneath the hematomas, however, there must have 
been an additional impairment of circulation contributing to the development 
of the tissue damage and determining its specific site. In the second case (fig. 16), 
a 4 year old idiotic child with spastic paralysis, old subdural hematomas had 
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covered both hemispheres. The tissue damage is confined to the cortex around 
the depths of the sulci, i.e. to a typical predilection area. It is most pronounced 
at the convexity of the left hemisphere over which the old subdural hematoma 
was thickest. Due to the severe atrophy of the cortex, the deeper portions of the 
sulci are widened like subarachnoid cysts. Since the cortex at the crest of the 
convolutions escaped gross injury, it may be assumed that the hypoxia in the 
brain tissue subjacent to the hematomas must have been of lesser degree than 
it was in the case shown in Figure 37. The secondary lesions in the thalamus 
have already been mentioned as indicative of former generalized increased 
pressure. 

IV. DISCUSSION 

These findings demonstrate the significance of arterial compression as cause 
of secondary lesions in cases of increased intracranial pressure, especially in those 
with supratentorial location of the primary, space-consuming alteration. The 
magnitude of the intracranial pressure elevation per se is obviously not as sig
nificant in causing arterial compression as is the rate at which the pressure in
creases. Moore and Stern (16), and Fields and Halpert (7), have reached the 
same conclusion. In many slowly growing tumors or chronic subdural hematomas, 
which have led to a marked displacement and distortion of brain structures, we 
found no tissue necrosis which could have been attributed to arterial compres
sion. On the other hand, most of the secondary lesions occurred in cases in which 
either the entire pressure increase developed in a short period of time or an 
already existing elevated pressure rose acutely to a new maximum. This suggests 
that compression of an artery might be related to its failure to adapt itself to 
acutely developed, abnormal stress. The artery may react with spasm or paralysis 
causing a localized lowering of the blood pressure which facilitates compression. 
However, a fall in the systemic blood pressure is probably the main reason for 
the high incidence of compression in cases with acute increase in intracranial 
pressure, because it occurs more often in these cases than in chronic space
consuming conditions and is very common in brain trauma. 

Some of the predilection areas of secondary lesions described in this survey 
have already been mentioned in the literature. Best known are those of the mid
brain and pons. Among the secondary lesions, they are the only ones which 
usually are represented by massive hemorrhages. All authors agree that they 
are sequelae of vascular compression but differ in their interpretation of the 
principal source of the hemorrhages. Cannon (4), Evans and Scheinker (6), and 
others believe that they develop from venous congestion due to interference 
with the outflow of blood. Bannwarth (3), Moore and Stern (16), Wilson and 
Winkelman (20) see their main cause in arterial leakage. Poppen (17) and co
workers state that the hemorrhages "are largely venous in type but are often also 
arterial". 

Histologically, the fully developed hemorrhages are complex and resemble 
those which Globus and Epstein (9) produced experimentally by restoring arte
rial circulation in a softening. Indeed, a similar condition seems to be the cause 
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of the hemorrhages in midbrain and pons. The narrowing of the interpeduncular 
fossa and the caudal shifting of the pons leads to vascular compression, primarily 
to compression of arteries. As mentioned before, this results in an edema and 
quite often in a necrobiosis of nerve cells, particularly noticeable in the base of 
the pons. With increasing hypoxia the walls of the intracerebral vessels become 
more permeable and sometimes necrotic. Since even at this stage some blood is 
still floating through the vessels, diapedesis of red cells takes place, first through 
the capillary walls and then through the walls of small arteries and veins. With 
decreasing tissue resistance the hemorrhages enlarge within the edematous and 
necrotic tissue and eventually become massive by coalescence. 

The pathogenetic mechanism of the necroses in the supply areas of the cortical 
branches of the 3 major cerebral arteries is less controversial than that of the 
midbrain and pons lesions. The authors who observed these lesions agree that 
they are caused by compression of arteries. Fischer-Briigge (8), Evans and 
Scheinker (6), and others described lesions in the supply area of the anterior 
cerebral arteries and Evans and Scheinker (6) also mention secondary lesions in 
the supply area of the middle cerebral arteries. Necrosis in the supply area of 
the posterior cerebral artery has been described by Adolf Meyer (15) in connec
tion with herniation of the brain and also was reported by Moore and Stern (16), 
Spatz (19), and Evans and Scheinker (6). From the paper by Moore and Stern 
(16) one may get the impression that among the branches of the posterior artery 
the calcarine branch is principally involved. We found that any one of the four 
major branches may be compressed separately or in combination with others. 

In most instances, the lesions are confined to the cortex which indicates, 
according to Spatz (19), that there had been still some supply of oxygen, i.e. that 
the compression had not been complete. This would explain the occurrence of 
diapedetic hemorrhages within the necrosis in a large number of cases. However, 
it was never observed that these hemorrhages coalesced to massive hemorrhages 
like those in midbrain and pons. Apparently, the remaining blood pressure in the 
intracortical twigs is lower than in the arteries of the midbrain and pons and, 
once depressed, does not rise again during the acute phase of the necrosis. This 
might be due to the difference in the specific mechanism of compression. The 
cortical arteries are usually pressed against firm buttresses without the possi
bility of a temporary relief, whereas the midbrain and pons arteries are under 
pressure by soft tissue allowing some variations in the degree of compression. 
An additional reason might be the fact that the intracortical arterial twigs 
descend from relatively small branches in which the blood pressure is lower than 
in the stems of the posterior cerebral arteries and the basilar artery from which 
the respective paramedial branches of midbrain and pons directly derive. 

In a high percentage of cortical lesions no hemorrhages or only minor effusions 
occurred. Apparently, the degree of hypoxia was lethal only to nerve cells, oli
godendroglia and astrocytes but did not cause a change in the permeability of 
vascular walls. Some personal observations, however, suggest that the rate at 
which oxygen deficiency reaches a certain maximum also has an influence on 
whether or not a significant change in the permeability of the capillaries de-
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velops. An acute hypoxia may cause diapedetic hemorrhages, whereas the same 
degree of hypoxia may have no significant effect on the vascular walls if it 
develops slowly. 

As to the lesions in the Ammon's horn, it is generally accepted that the typical 
Ammon's horn sclerosis is of vascular origin and that it is not specific for epilepsy. 
Scholz (18) in his recent monograph reviewing the various pathogenetic theories 
includes none which refers to vascular compression as the decisive causal factor. 
However, Adolf Meyer (15) already had suspected that sclerosis in this structure 
might be caused by pressure in subtentorial herniation, as later did Krauland 
(10) in his study on traumatic brain lesions. Recently Earle, Baldwin and Pen
field (5) found sclerosis in the hippocampal gyrus and its vicinity in about 63% 
of epileptics with temporal lobe seizures. They assumed that the deformation 
of the head at birth leads to a temporary herniation of the hippocampal gyri 
and that this herniation causes arterial compression and subsequent tissue 
necrosis. In cases without history of prolonged and difficult labor, they consid
ered the etiologic factors suggested by clinical history often misleading and at
tributed the lesions to the herniation at birth. The findings presented confirm 
these authors' theory of vascular compression being the significant pathogenetic 
factor. However, in addition it can be shown that lesions in the hippocampal 
region may occur not only at birth but at any time after birth and in any type 
of supratentorial, increased intracranial pressure. Such may be caused by local 
space-taking lesions or by a generalized brain swelling in the course of a febrile 
or toxic illness, a diabetic or hepatic coma, mechanical head injury or an acute, 
systemic hypoxia which may develop even in epileptic attacks. Herniation is no 
prerequisite for compression of the Ammon's horn arteries. If it is present, the 
tissue damage usually starts at the level of the tentorial edge and extends later
ally, whereas the herniated portion of the hippocampal gyrus escapes injury. 
Therefore, the Ammon's horn is often more extensively damaged if no or only 
minor herniation could develop. From all these facts it may be concluded that 
the findings of a typical vascular sclerosis in the Ammon's horn generally signifies 
that there must have been at least one phase of increased supratentorial pressure 
during the life of the individual. 

This is not only true for Ammon's horn lesions but also for those in all the 
other predilection areas including thalami, supply areas of cerebellar arteries 
and the cortex around the depths of cerebral and cerebellar sulci. It is of interest 
that most of the described predilection areas correspond to those which Scholz 
(18) described for lesions in epileptics. He wondered why these sites are pre
ferred and found no satisfactory explanation. It may be assumed that also in 
his cases, as well as in many others which he cites from the literature, compres
sion of arteries must have been the essential causal factor not only for the sites 
of these lesions but also for their development. This compression may have 
occurred either in the course of an epileptic attack if the attack was accompanied 
by a swelling of the brain or, prior to the onset of seizures, in any phase of in
creased intracranial pressure accompanying one of the conditions mentioned 
above. Regardless of the cause of the first vascular compression, any further 
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epileptic attack may lead to renewed brain swelling and impairment of circula
tion. This would account for the presence of fresh alterations in old foci as has 
been occasionally observed in epileptics. 

In contrast to all possibilities of arterial compression discussed so far, com
pression of the intracranial portion of the internal carotid arteries is very rare. 
But the fact that it may occur offers a new explanation for the pathogenesis of 
hydranencephaly in which those parts of the brain which receive their blood via 
vertebral arteries are usually preserved (Lange-Cosack (11)). 

In discussing the differential diagnosis, all foci obviously caused by intrinsic 
obstruction of the arterial lumen may be neglected. Of course the possibility 
exists that a thrombus develops as after-effect of compression. All other necroses 
are in their appearance often identical to those caused by arterial compression. 
Their distribution pattern, however, is usually different. Lesions in the supply 
areas of cortical branches rarely begin at the characteristic sites of vascular 
compression, e.g. at the level of the edges of falx and tentorium. This is not only 
true for lesions due to incomplete arterial occlusion but also for the sequelae of 
functional disorders and of temporary failure of the systemic circulation. Lesions 
caused by arterial spasm are usually confined to the vicinity of arterial twigs 
and scattered within an arterial supply area or throughout the cortex. In a tem
porary standstill of the heart the lesions are most pronounced in the border zones 
of the cortical supply areas of all major arteries and gradually diminish in inten
sity towards the arterial stems. The lesions in severe generalized hypoxia without 
failure of the systemic circulation as in the case of CO-poisoning or high altitude 
hypoxia usually show no typical topographical distribution within the cortex. 
If brain swelling accompanies one of the circulatory disorders mentioned, it 
may sometimes be difficult to differentiate the lesions caused by compression 
from those of other origin. This is especially true for lesions in the thalamus. 
The pressure hemorrhages in the midbrain and upper pons may be mistaken for 
primary traumatic lesions; however, the latter usually occur in the lateral por
tions of these two structures in contrast to the secondary lesions which originate 
in the midline (Lindenberg and Freytag (13)). A secondary hemorrhage in the 
lower pons may be similar to a massive spontaneous hemorrhage due to rupture 
of an artery in hypertension. In such cases, the topographical status of the 
thalamus and midbrain is significant for the differential diagnosis. Secondary 
lesions in the lower pons occur only if both structures are shifted in caudal direc
tion, whereas a spontaneous hemorrhage causes them to shift rostrally. Fur
thermore, in contrast to secondary hemorrhages, the spontaneous hemorrhages 
penetrate into normal, non-edematous tissue and are, therefore, often sharply 
demarcated, especially in the base of the pons. 

SUMMARY 

In any pathologic condition leading to increased intracranial pressure, a com
pression of arteries may occur, especially if the pressure rises acutely and is 
accompanied by a dysfunction of the systemic circulation, as it is common in 
cases of blunt head injury. 
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Because of certain anatomical facts, arterial compression usually occurs at 
preferential sites. The individual arteries are prone to be compressed at the fol
lowing locations: 

(1) The stem of the anterior cerebral artery where it turns around the caudal 
portion of the gyrus rectus, and its branches where they pass the edge of the falx; 

(2) The stem of the middle cerebral artery where it turns around the limen of 
the insula, and its branches where they pass through the caudal portion of the 
Sylvian fissure. 

(3) The stem and the cortical branches of the posterior cerebral artery where 
they run across the tentorial edge, and its brain stem branches where they pass 
through the interpeduncular fossa; 

(4) The anterior choroidal artery and its branches where they are closest to 
the tentorial edge; 

(5) The intracranial portion of the internal carotid artery where it enters the 
cranium; 

(6) The superior cerebellar artery and its branches where they cross the lower 
aspect of the tentorial edge; 

(7) The inferior posterior cerebellar artery and its branches where they are 
closest to the posterior rim of the foramen magnum; 

(8) The paramedial branches which supply the middle pons where they branch 
off the basilar artery; 

(9) The terminal branches of all cerebral and cerebellar arteries where they 
run through the sulci to supply the hidden portions of the cortex. 

Consequently, the majority of the lesions caused by compression are found in 
certain areas of predilection regardless of the nature of the "primary" space
consuming process. Depending upon the degree of compression and some modi
fying factors, the intensity of the tissue damage varies from loss of nerve cells 
to extensive, complete softening. These secondary lesions are often far more 
significant than the primary alterations. The anatomical differential diagnosis 
of the lesions has been discussed. 

Arterial compression is a separate pathogenetic entity comparable to embolism 
or thrombosis. 
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