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PREFACE

Among the regulations concerrnin: theses lntended
for presentation to the Graduate School Faculty of McGill
University is the following: M.eososseccientific theses
should also contain an introductory historical statement of
previous work or investigation,.e.e.o™ and, "....o.There should
be a clear statement of the claim of original work or con-

tribution to knowledge made by the author".

#ithin recent years there has devesloped an inereasing
tendency in pathology to interpret lesious in terms of the
mechanism of their production, so that somewhat less empha-
sis is now laid on purely descriptive morbid his tology. The
present study reflects thls tendency. Je have attempted to
show that the diverse, late, histological lesions found in
the brain after apparently unrelated insults - vascular oc-
clusion, intracerebral hemorrhage, and cerebral contusion and
laceration - should not be looked upon &s unrelated lesions, but
as expressions of varying degrees of the same functional dis-
turbance - an interference with normal cerebral circulatione.
This approach is, so far =s we¢ ars aware, new to the American
literature on cerebral pathology; though somewhat of the same
method of handling has been employed by Friedrich Hiller in the
German literature.

The tendency iu the past to discuss the above
conditions individually has made it impractical to rresent
a review of the literature as an introductory historical state-

ment, and the literature bearing on each phase of the work is
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treated as an integral part of each chapter. Because of the
very broad scope of the subject it has been impossible to review
the work of all previous investigators on each phase of the
problem. The bibliography appended to the thesis is however,

so far as we are aware, representative of the best work that

has been done.

The portion of this thesis which can make chief "claim
of original work or contribution to knowledge made by the author®,
is the chapter dealing with cerebral arterial occlusion, for, as
far as we know, the experimental work, both in its technical details
and in its results, is new. Furthermore, the clinical application
of the findings is, we believe,of considerable significance for
it separates an important group of cases from the general group
of "birth injury", and serves to emphasize one of the possible
grave consequences for the infant of prolonged asphyxia during
birth. The as yet undetermined frequency of incidence of
epilepsy in these cases is a matter for further study. But even
here the "clalim of original work" is not wholly individual for
the author owes much to his two collaborators on this phase of
the problem, Doctor Donald MCEaghern and Doctor J. Norman Petersen.

As far as we know, no one has before described the
late histological changes which follow the injection of blood
into the cerebral hemisphere. Our own observations are then per-
haps unique - and serve to show the essential similarity between
such lesions and the changes which Cajal found surrounding massive

hemorrhage following cerebral laceration.
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In the final chapter appear certain results of
clinical significance, to which little claim for originality
can be made: demonstration of the mechanlsm underlying the
shifting of the ventricular system sometimes seen in atrophy,
the arguments relating to the effect of cicatricial pull versus
shifting due to atrophy, ete. Finally, the insistence on pre-
servation of vascular supply in carrying out the procedure of
cerebral scar excision, while not a new 1dea, has its rationale
given in a more detailed and logical fashion than heretofore.

However, these are all cornsiderations of very minor
moment. When an author reviews his notes on the literature
after completing his own work, he cannot but be impressed with
the fact thet many ideas have unconsciously slipped from the
literature into his own thoughts, to reappear in his argument
as original conceptions. This is even more true of ideas
acquired during association with others - which makes proper
acknowledgement of the help gained from many sources particularly
difficult. The author is sure that much of what follows
represents accretions gained in particular from two individuals
with whom he has long been associated, Professor Wilder Penfield
and Associate Professor William Cone.

Doctor Penfield's interest in the problems of epilepsy
lay behind the suggestion that this work be undertaken, and it
is because of his provision of facilities and his constant
encouragement that completion of this work had been possible.

Doctor Cone, as director of the laboratory of neuropathology,
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hes given invaluable help. To them both the author gives
sincere thanks.

Other members of the staff have also aided notably,
Doctor Petersen, Doctor McEachern, and Doctor Arthur E. Childe,
roentgenologist to the Institute. Miss Catherine Dart, R.N.,
has rendered invaluable help in assisting at all the operative
procedures and in supervising the care of the animals. The
photographs are the work of H.S. Hayden, F.R.P.S. Likewise,
help has been given generously by the secretarial and technical
staff of the Institute. All of this help the author gratefully

recognizes.,



I. INTRODUCTION.

The purpose of this study is to review and to correlate
the factors involved in the scarring of cerebral tissue. Such a
review of cerebral cicatrix in its manifold forms and causations
should help in an understanding of the histological processes in-
volved. Furthermore, careful analysis and the application of ex-
perimental methods should help to differentiate and to identify
the late changes which follow cerebral insults of one form or
another. Finally, a clearer understanding of the mechanism of
production of the various end results of cerebral insults may
guide the way to improvement in therapeutic measures, both
medical and surgical.

The work included in this report has been carried on
over a period of five years., At the outset the attack was made
upon the isolated problem of post-traumatic cerebral cicatrix
and an effort was made to determine what factors governed healing,
so that one might employ methods of scar excision which would
permit of the surgeon leaving less scar than the one which he
was removing in the effort to cure the patient of his post-
traumatic epilepsy.

The first step in broadening the scope of the investi-
gation came on the finding in the brain of a monkey at autopsy,
of a particularly benign-looking area of cerebral destruction -
with none of the characteristics of post-traumatic cicatrix.

This area of destructiom obviously resulted from an accidental

interruption of branches of the middle cerebral artery at
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operation nine months earlier. This chance finding suggested
thet here might lie the answer to cerebral scarring - that if
tissue were rendered completely anemic (as was then thought) by
interruption of its blood supply, all tissueelements, including
those capable of proliferating scar tissue, would undergo
necrosis in the involved zone, and that if the interruption of
blood supply were only partial, nerve elements might die but
tissues with scar potentialities might proliferate abundantly
and form cerebral cicatrix -« with the meninges implicated or not
depending on whether they were or were not involved in the
original insult.

To test this hypothesis the middle cerebral artery
of the monkey has been clipped at various polints. In general -
as will be detailed later - the results have been confirmatory
of the hypothesis (work done in collaboration with Dr. Donald
McEachern). Then a group of three clinical cases was studied
and the lesions compared with experimentally produced ones
(in collaboration with Dr. J. Norman Petersen) and from this
work further deductions concerning vascular occlusion, with
particular reference to slow occlusion of vessels, were made.

The next step in the development of the general out-
line was suggested by the finding, on histological study, of
a similarity of some of the lesions produced by experimental
arterial occlusion, to those produced by experimental strip-
ping of the arachnoid with resultant local interruption of
blood supply, and also to lesions found in certain cases of

cerebral contusion. It seemed possible that all of these



Se

lesions might be correlated on & vascular basis and that the
late histological changes in cases of cerebral contusion might
be regarded as resulting from disturbances in blood flow--

1) as the result of mechanical interference with circulation
because of "brain swelling", or 2) because of rupture of
vessels, or 3) because of functional vascular disturbances
oceurring locally, or 4) because of a combination of these
factors, This argument will be elucidated further in the
proper chapter,

Similarly, a consideration of the literature on
cerebral hemorrhage - with its present-day insistence on the
importance of functional vascular disturbance - suggested
that an attempt to produce late results of "experimental
hemorrhage" might be of value in interpreting the late changes
of cerebral hemorrhage, and might cast further light on the
process of cicatrization. Accordingly a number of animals
have had intracerebral injection of whole blood made. In
the past such experiments, as far as we are aware, have not
been followed beyond the three week stage. The resultant
histological plicture will be desoribed later.

Finally, then, we were brought back to the starting
point, that of meningocerebral cicatrix, but equipped, as a
result of the study, with a better understanding of the morbid
physiological processes involved and, hence it is hoped, with
a more understanding approach to the medical and surgical
principles essential to intelligent application of thera-

peutic measures.



4.

In an effort to simplify and clarify the problem
a deliberate exclusion has been made of developmental
anomalies, and of infectious and degenerative conditions
(including arteriosclerosis). Such omissions are obviously
open to grave criticism but they are believed warranted, if
only because of the magnitude of the problem as already de-
lineated, and there is much evidence to suggest that the
principles developed in the course of the following argument
may Jjustly be applied as a partial solution at least of the
cerebral scarring occurring in infections and degenerative
conditions.

An even more important omission, perhaps, is a
consideration of the role played by venous obstruction in
cerebral cicatrix., This has not been touched on by us ex-
Perimentally and will, therefore, not be included in this
presentation., Fortunately Putnam and his co-workers are at
present actively engaged in an experimental approach to this
problem and in general it may be said that the characteristics
of their lesions are such as not to lead to ready confusion
with those described in the pages that follow. (vide Putnam,
1935).
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II. THE CEREBRAL CIRCULATION AND ITS ALTERATIONS IN

CERTAIN PATHOLOGICAL STATES.

The investigations of Pfeifer (1928) and particularly
of Cobb (1931) and his school have necessitated a complete re-
vision of the old conceptions of cerebral circulation. From
8 purely anatomical point of view Pfeiffer has conclusively
shown that the arteries within the brain substance are not end
arteries as was argued by Conheim from pathological materisl.
Pfeiffer's views have been abundantly corroborated by Cobb
and Tealbott (1927) so that Cobb (1936) has made the statement,
"the capillary bed of the whole cortex is an endless network,
in which a red cell might start in the olfactory bulb and travel
to the occeipital lober",

The presence of extensive anastomoses among the
vessels making up the pial-arachnoidel circulation was affirmed
by Heubner in 1872 and since that time has been denied and
reaffirmed by various authors. Testut (1929) and Poirer and
Charpy (1921) record the anatomical work from which have been
drewn these discordant conclusions, But the presence of pial-
arachnoidal anastomoses is now generally accepted as an ana-
tomical fact., With the knowledge of these two extensive
anastomotic networks, meningeal and cerebral, a reinterpreta-
tion of the rathological changes resulting from vascular
disturbances becomes desirable. In reviewing the matter it
is imperative to bear in mind that the efficiency of the
collateral channels established after the occlusion of a

main arterial trunk may not be so great as that of the



Ge

original pathway so that, as pointed out by Ley (1932), there
exists a certain autonomy in the distribution of the major
vessels, Thus, for example, if the middle cerebral artery is
oceluded a degree of collateral circulation becomes established
in the more peripheral area of supply of the middle cerebral
artery, the collateral circulation being dependent upon the
circulation in the unobstructed anterior and posterior cerebral
arteries. The degree of collateral circulation established
must depend on the relative amount of available minute flow of
blood that can be delivered through the capillary anastomotic
network between the obstructed and the unobstructed arterial
beds, as compared with the available minute flow delivered
under mormal conditions,

If the cross-sectional diameter of all the vessels
making up the anestomotic pathways is less than that of the
usual vessel of supply the minute volume of blood delivered
will obviously be less tham normal. Other factors, such
as the resistance of the vessel wells, capillary permeability,
vasomotor control, etc., enter into the problem and meke it
one of extreme complexity.

An experimental approach to the problem has been made
by Evans and Petersen (1937) and Evans and McEachern (1937)
who have studied the pial-arachnoidal circulation following
the placing of a clip upon the middle cerebral artery of the
monkey. Following the clipping there can be observed in the
distribution of the clipped vessel pallor of the brain, loss
of arterial pulsation, diminution in venous pressure, and

diminution in rate of blood flow in the vessels which are



Fig. I.

Brain injected with bismuth
solution shortly after the
placing of three clips on
branches of the middle cerebral
artery. Two of the clips can
be seen., The third is hidden
under the extravasated bismuth
near the origin of the right
middle cerebral artery. Note
that bismuth has extended , via
collateral channels, to the
distal side of the clip in all
three instances.
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Extensive cerebral destruction
found 118 days after occlusion
of the right middle cerebral
artery. Monkey
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observed microscopically. ZX-rays of post-mortem injections
of bismuth into the brains of these animals show that the
opaque material finds its way through collateral channels to
the distal side of the clip (Fig.l ).

Were it possille to observe the cerebral vessels
directly there would with certainty be found comparable changes,
for preliminary observations made with blood flow thermocouples
have shown a decreased rate of blood flow, and in most instances
there has been observed on post-mortem examination of the brain
meny weeks later, extensive cerebral destruction (Fig.e2 ) simi-
lar to that noted clinically by Folx and his pupils.*

The reservation "in most instances®™ should be noted carefully
for in the brain of one monkey whose middle cerebral artery
had been completely occluded there was found no gross ane-
tomical defect. In other words, there exist circumstances
under which collateral circulation can be very effective.
Inasmuch as there was no evident anatomical variation to
account for this finding there probably exist certain physio-
logical conditions which determine the establishment of a
high degree of collateral circulation.”” It is of interest
in this connection that Ley (1932) has seen rare clinical
cases in which obliteration of the artery of supply by
embolism or by thrombosis has occurred without softening
resulting and without there being found an arterial anomaly

Footnote Ng. l: For a complete bibliography of the work of
Folx and his school see Ley (1932).

Footnote No, 2: We have sought in conjunction with this study
t0o determine some of the factors which may improve collateral
circulation. These findings will be presented in a separate
communication by Dr. Donald McEachern.
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to account for the lack of softening. His cases three and
four are examples and he cites other instances from the litera-
ture,

The subject of vasomotor control of the cerebral
vessels is naturally of great importance in considering the
Present problem. The physiological investigations of Cobb
and his schoolf have shown that there are three influences
affecting the caliber of the arterial vessels: vasomotor,
chemical, and systemic., Of these, the last two are the most
important, as far as normal physiology is concerned. Of the
two vasomotor functions, constrictor and dilatator, Wolff
(1936) says the following: "The constrictor vasomotor eppara-
tus of the brain probably acts primarily to keep the cerebral
vessels in the proper state of constriction and to aid them
in regaining their normel caliber after vasodilatation. 4lso,
the vasoconstrictor apparatus acts as a fine ad juster,
regulating blood flow within the head more precisely than
the powerful hydrostatic and chemiecal forces. This function
of fine adjustment, rather than obliterative constrictionm,
would appear to be the chief purpose of cerebral vaso-
constriction. Apparently the prime function of neurogenic
cerebral vasodilation is that of compensation, reducing the
Peripheral resistance of the cerebral vescular tree during
Periods of depressor reflex action®™.

Forbes, Finley and Nason (1933) have emphasized
that the relativelnghportant vasoconstrictor activity ob-
served in the cerebral vessels (usually not causing more than

Footnote: A detailed bibliography on the cerebral circulation
may be found in the review by Wolff (1936).
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a ten per cent decrease in the caliber of the vessels studied)
could, conceivably, under pathological conditions, become
hyperactive. They further point out that under their experi-
mental conditions vasoconstrictor activity is probably some-
what reduced (chiefly by the anesthetic) and furthermore, that
there must be borne in mind the high metabolic rate of brain
tissue. "Especially in such active tissues as the cortex,
any reduetion in blood flow, such as that accompanying even
a mild constriction of the cerebral arterioles, is of far
greater importance than a similar reduction in a tissue of
low metabolism (e.g., the skin). Even though the blood supply
to the nerve cells is abundant and the flow more rapid than
elsewhere, a sudden reduction in oxygen contert or in rate
of flow results immediately in symptoms of oxygen lack",
Experimentally Florey (1925) has produced marked vascular con-
striction in the pial vessels by means of mechanical, chemical
and thermal stimuli applied directly through the pia-arachnoid.
What evidence is there of extreme vasoconstrictor
activity under pathological conditions? Hiller (1936) has
covered this question in great detail in his chapter in
Bumke and Foerster's Handbuch and it is hardly necessary to
review here all the evidence. Firm support for the conception
of a functional vascular change as being responsible for
organic change was provided by the work of Spielmeyer (1930)
on the late changes found in the Ammon's horn of epileptics.

But more impressive are two carefully controlled observations
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reported by Penfield, the first (1933) dealing with a series
of oases, the second (1934) with a single case. In the first
of these papers Penfield reports the vascular changes Ob-
served by direct vision to oceur in twenty-six out of forty-
three cases of epilepsy whose cortex was stimulated electrical-
ly at operation. In thirteen cases no response to stimulation
was obtained and in these there were no arterial constrictions,
areas of anemia, flushing, or other evidence of vasomotor dis-
turbance. In twenty-six of the thirty remaining cases there
was evidence of vasomotor disturbance and in six of these there
was a constriction of one or more pial arteries, which con-
striection interrupted blood flow entirely. Such constrictions
have been observed to persist for fifteern to thirty minutes,
disappearing gradually. These extreme ("bologna-like") con-
strictions are a clean-cut phenomenon which offer no room

for misinterpretation.

In the second paper Penfield called attention to the
possible significance of such spasms, describing progressive
degeneration of an occipital pole in an epileptic patient who,
with succeeding attacks, suffered a progressive loss of vision
in the homonomous half fields and who at operation was feound

to have an extensive degensration of the occipital lobe.*

Footnote: Penfield's interpretation of the degeneration as
beInz due to anemia consequent upon recurrent vasospasm

has been questioned on the ground that organic disease of the
posterior cerebral artery was not excluded. This would seem
a valld objection and in an attempt to answer it we have
reviewed the microscopic preparations of the amputated
occipital lobe, There is present in the vessels an extensive
vascular reaction, many of the arteries and capillaries being
obliterated. This evidence does not, however, exclude
Penfield's interpretation from consideration, for the organiec
vascular changes could be secondary to functional disturbance

in the circulation.
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Diagrammatiec representation
of Ricker's theory of vasoe-
paresis. (Bauman, 1931)}.
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A

Fig. 3—.1, excessive neural impulses may paralyze the vessel wall; the vessel
dilates. B, if the blood pressure has not decreased, the liquid movement in the
wall itself is suppressed. The wall degenerates and the blood may pass through
it (Ricker). C, neurogenic spasm of an arteriole causes reflex dilatation of 1ts
capillaries, stasis and hemorrhage by diapedesis. If blood from the surrounding
vessels enters the arca of the diseased vessel, a circular hemorrhage is formed
( Ricker).
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There is then direct evidence that in at least one
rathological condition, epilepsy, vasoconstrictor activity
of great degree can oceur., Similarly there has been de-
veloping an increasing appreciation of the importance of
functional circulatory disturbances in organic disease of the
central nervous system not directly related to epilepsy.
Ricker (1927) pioneered and elaborated the conception of
neurovascular tone as being directly related to organic
disease. His conception supposes, and is amply supported by
experimental facts, that in response to moderate irritants
the circulation in the terminal arterioles and in the capil-
lary bed is slowed (peristasis) and leucodiapedesis occurs.
More severe irritants lead to an even greater slowing of
circulation (prestasis) and a diapedesis of red blood cells
occurs. These changes are, according to Ricker, associated
with a vasoconstriction of the muscular arteries, and a
dilatation of the terminal segments as shown in figure 3 ,

a diagram teken from a paper by Boumann (1931). If the
irritation is of sufficient strength, actual stasis of the
blood stream may occur. That extensive tissue necrosis may
occur when the circulation is appreciably slowed, as evidenced
by the diminution in circulatory rate in the leptomeninges, is
shown by unpublished data of McEachern and Evans (1937).

That mechanical,electrical and chemical irritation can cause
constriction and even obliteration of capillaries given

off from arterial branches, was amply demonstrated by Florey
(1925), so there is some direct evidence of a mechanism such

as that necessary for the support of Ricker's theory.
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Chief proponents of the Ricker school on this continent have
been Oertel (Scriver and Oertel,1930), Chase (1934 and 1937),
and Hiller and Grinker (1930), Of particular importance is
the work of Chase on air embolism (1932) in which he has
shown that in addition to the mechanical effeet of the air
embolism in the arteries of the mesentery of the rabbit, there
is also a distant effect in the capillary bed consisting
mostly of peristasis and prestasis and their related dia-
pedeses. In a fatal human case of cerebral air embolism he
was able to find exactly such change in relation to the venous
capillary bed and the small veins, there being petechial perie-
vascular cerebral venous hemorrhage with passive hyperemia,

Hiller (1924) described lesions in Ammon's horm in
cases of carbon monoxide and looked on them as evidence of a
functional vascular change similar to that proposed by Spiel-
meyer. "Spielmeyer and his co-worker, Neubﬁrger, were able to
show that this type of lesiomn, especially in the grey matter,
was identical with that caused by organic vascular occlusions.
There is apparently a gradual transition from a reparable dis-
turbance of brain function on a functional circulatory basis
(the explanation of certain transient nervous symptoms) to
permanent defects. In this large group of circulatory dis-
orders there exist pathologic gradations from slight ganglion-
cell reactions corresponding to Spielmeyer's 'Erbleichungen'
foci in which only ganglion cells show the results of ischemic
degeneration and fade away without reactive glial response,

to incomplete and complete softenings and coagulation necrosis"®
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Hiller and Grinker (1930) emphasize that the
functional circulatory disorders described by Spielmeyer cause
a pathological picture closely resembling those in case of
fat and air emboli described by Neubldrger and we have already
mentioned that Chase has shown the importance of Ricker's con-
ception in explaining the lesions resulting from air embolus,
There is, then, ample evidence of the importance of the circu-
lation in cerebral softening and there is also evidence that
softening may occur not only as the result of organic vascular
changes but also as the result of functional vascular changes.

It must, however, be noted that there is & differencs
in the mechanisms visualized by Ricker and Spielmeyer. This
was emphasized by Spielmeyer in the course of the discussion
of a paper read by him before the New York Neurological
Society (1930). Dr. Bernard Sachs had raised the question
of the possible importance of venous stasis in explaining
the lesions which Professor Spielmeyer had attributed to vaso-
spasm. The latter says, "1 agree with Dr. Sachs that one
finds stasis, I do not want to discuss this at length, but
there is Ricker in Germany who was one of our first pioneers
in this study from the anatomic point of view and who denies
that any other functional disturbance of the circulation -
then stasis or prestasis - is the cause, I do not see that.

I think there is a possibility that vasospasm also can pro-
duce partial necrobiosis™.

But 1f one considers that Ricker regards peristasis,
prestasis and stasis as the result of trauma to the vessels
leading to vasodilatation of the venous capillary bed associated,

however, with vasoconstriction of the proximal arteries, one
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sees that the views of the two investigators are not so di-
vergent as Splelmeyer himself would seem to indicate - both
are essentially dependent on disturbance of blood flow.

We have attempted to gather evidence on the question
of mnervous control of blood vessel tone by observing the
vessels over the convexity of the hemisphere at the time of
dissecting the central trunk of the middle cerebral artery
preparatory to placing & clip upon it. In one instance (P-1443)
dissection of the trunk without clipping of the vessel resulted
in a loss of the cardiac pulsations in the arteries over the
convexity of the hemisphere which were plainly visible before
the manipulation was begun. Such a loss of pulsation suggests
strongly a reduction in bleood flow for it is an invariable
accompaniment of any experiment in which the chief vessel sup-
Plying an area is occluded., The pulsations did not return
in the fifty-minute period of observation during which the
cortex remained exposed. Unfortunately microscopic observations
of the rate of blood flow were not made in this instance.

On another occasion (P-1440) a twenty-five per cent
occlusion of the diameter of the middle cerebral trunk was
without either immediate or late effect. However, in a third
experiment (P-1433), when a clip was placed not upon the trunk
of the middle cerebral artery itself, but upon two of the
perforating branches derived from it and entering the anterior
perforated space to supply the basal ganglia, there were
observed immediately after the clipping a definite pallor and

loss of arterial pulsation indicative of a decreased blood
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flow over the convexity of the hemisphere and a note was made
at the time, "the microscopic observation of the decrease in
rate of blood flow following the clipping leaves no doubt as
to the relative paucity of blood in the distribution of the
middle cerebral ertery®”. It is, of omurse, to be remembered
that these experiments were made under dial anesthesia which
probably masked to some extent any neurovasculer or purely
vascular spasm. It is easy, then, to visualize frequently
recurring vascular insults of similar degree (embolism, e.g.)
which might ecause serious cerebral damage.

In summary, the evidence in favor of the occurrence

of vasospasm on a functional basis is weighty. As will be
seen free use is made of this conception in the chapters
that follow in helping to explain the formation of various

types of cerebral cicatrix,
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*
III. CEREBRAL ARTERTAL OCCLUSION. .4

INTRO DUCTION::

Pathologists have, for many decades, interested them-
selves in the changes following occlusion of cerebral vessels.
Hiller's monograph (1936) presents a comprehensive review of
the subject, with special emphasis on the excellent descriptive
work of the German investigators, including that of Schob (1930)
on porencephaly and of Schwartz (1930) on apoplexy. A second
valuable monograph with detailed bibliography is that of Ley
(1932).

However, there have been only a few attempts made to
study the problem of arterial occlusion by the experimental
method. Notable for the experimental approach are the contri-
butions of Schaeffer (1910), of Bodechtel and Miller (1930) and
of Cone and Barrera (1931).

Schaeffer injected melted paraffin into the carotid
artery of dogs. Naturally, the sites of lodgement of the

Footnote No., 1l: This chapter was presented in summary at the
meeting of the Americen Neurological Association on June 4th,
1937 under the title, "The Anatomical End Results of Cerebral
Arterial Occlusion: An Experimental and Clinical Correlation"™,
by Joseph P. Evans and J. Norman Peterser. It will be published

separately.

Footnote No. 2: In connection with this chapter the author
would like to express his appreciation of the kindness of
Professor O0tfrid Foerster in extending to him the courtesy of
his laboratory and for permission to study the case from his
service at the Wenzel-Hancke Krankenhaus. His thanks are also
due to Professor O. Gagel for help and advice in preparing the
pathological material of the third clinical case cited in the
text.
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of the embali, whether central or peripheral, in the cerebral
vascular tree, were unpredictable, Schaeffer concluded that
there were four stages in the resultant process: 1) of is-
chemia, lesting up to ten or fifteen hours, 2) of congestion
and diapedesis, reaching i;; maximum in three or four days,

3) of elimination and disintegration signalled by the ap-
pearance of granular cells, beginning in three or four days
and sometimes lasting several months, 4) of repair and
cicatrization, a process in which he felt glia plays the
primary role. He includes in his paper a number of cliniecal
cases but unfortunately the histories and pathological notes
are very brief and there are few illustrations. Lthermitte and
Schaeffer (1910), in a second paper, of clinical interest, re-
gard cerebral softening as purely a mechanical lesion, "une
nécrose relevant des perturbations profondes dans la circu-
lation sanguine de ltencéphale",

Cone and Barrera, employing the same experimental
method, confirmed and amplified Schaeffer's findings. Their
study was limited to animals surviving only seven days and was
concerned chiefly with cellular reactions. Likewise, Bodechtel
and Miller reported only the changes of the first week. It
seemed to us that it would be worthwhile to employ a method
of simulating cerebral emoblism in which the degree and the
site of the "insult" could be controlled. It was decided to
observe at various time intervals the cicatrization resulting
from the placing of silver clips at various points on the
middle cerebral artery of monkeys.,
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The anatomical end results have been striking and seem
to us to deserve reporting. As a corollary, several clinical
cases presenting analogous amnatomicel defects are included. We
believe that it is now possible when presented with a diverse
group of pathological specimens, the late results of various cere-
bral aceidents, to pick out a certain group and to say with as-
surance of this group, "This condition is the result of cerebral
arterial occlusion™,

Before going on to a detailed account of our findings,
it would be well to restate the fact that the placing of & sil-
ver clip on the middle cerebral artery of the monkey, either
on its main trunk or on its more important branches, does not
lead to a cessation of flow in the peripheral segments of that
vessel (Evans and McEachern, 1937). Microscopic examination
of the blood stream in vivo shows that there is a persistence
of flow, maintained through collateral channels, but its rate
is appreciably diminished. This slowing beyond the site of oc-
clusion is, no dqoubt, the essential physiological factor in the
chain of events leading to tissue destruction in the peripheral
districts. It seems reasonable to assume that a slow occlusion
of the middle cerebral artery would permit the establishment
of a more efficient collateral circulation. The work of Pfeiffer
(1928) and of Cobb and Talbott (1927) leaves no doubt concerning
the presence of anastomotic networks in the arterial hed.
Observations of our own on vessels injected with bismuth solution
amply confirm these facts, and testify to their employment as
collateral channels when a main artery of supply is occluded., A
further point, one of pathological interest, is that the closure

of an artery near its point of origin need not lead to a col-

lepse of the vessels distal to the point of occlusion (unless the



Fig. 4.

P 1526. Shows onl,; local damage
to the temporal lobe, the resu’'t
of delibesctely rough retraction
of trt= lobe. 24 hours poct-operatively.
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occlusive process is of the nature of a progressive arteritis).
Hence in the mieroscopic premrations illustrated below, all
vessels in the changed area will be found to be patent.

EXPER IMENTAL:

A. The Method. Macaccus rhesus monkeys were used.

Under standard neurosurgical conditions, with dial as the
anesthetic agent, a right osteoplastic craniotomy was performed,
The temporal lobe was retracted and the middle cerebral identi-
fied in the Sylvian fissure. By careful dissection it is not
difficult t0 isolate the artery and to clip it securely. In
the fifth monkey e¢ited aceidental interruption of the middle
cerebral artery occurred during an operative procedure carried
out for another purpose.

After appropriate time intervals the animals were
sacrificed, the brains washed through, via the carotid artery,
with normal saline, following which ten per cent formalin was
injected. The brains were then removéd for study.

B. The Material.

P-1026. Operation March 2nd, 1937. Sacrificed twenty-four
hours after operation. This animal, operated upon as a con-
trol experiment, was deliberately subjected to very strong
and rough retraction of the temporal lobe. No clip was placed
upon the artery, which was merely identified. The monkey was
sacrificed twenty-four hours later and serial coronal sections
of the brain (Eig.4;) show local damage in the temporal lobe,
but no evidence of general disturbance such as would be indi-

cated by brain swelling.



Fig. Se

The arrows indiceted by m"2",

w3" and "4" point to the
placement of the clips in

‘the 2nd., 3rd, and 4th. experie
ments. '(ipep, P 1476, P 1439 and
E 107).
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P 1476, Coromnal sections
showing the degree of swelling
of the right hemisphere, the
displacement of the midline
from right to left and of the
Sylvian fissure downward, There
is evidence of moderate trauma
to the temporal lobe. 24 hours
post-operativelys. The convexity
of the right hemisphere, with
its dural covering, had been cut
away before photographing for a
study of meningeal adhesions.
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F‘ign 7o

P 1439, 70 days post=
operatively. Showing the
marked atrophy of the right
‘hemisphere and. the perie
Sylvian degeneratione






Fig. 8.

P 1439, 70 days post-
operatively. Hematoxylin
and van Gieson ( X 1g).
Note the clean cut edges
of the lesion.,
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P-1476., Operationm December 10th, 1936. Sacrificed twenty-

four hours after operation. In this instance the temporal
lobe was retracted with maximum care and a clip was placed
upon the right middle cerebral artery at a point distal to the
branching of the perforating and of the basifrontal arteries
(Fig.5 ). The coronal sections are shown in figure 6 .

The convexity of the right hemisphere has been cut away for a
study of meningocerebral adhesions but two points are neverthe-
less clear:s 1) There is relatively little gross damage to the
temporal lobe in comparison with that seen in monkey P-1526;

2) There is, however, obvious swelling of the hemisphere in-
dicating a definite degree of circulatory disturbance.

P-1439. Operation November 24th, 1936, Sacrificed seventy
days after operation. This enimal is included to demonstrate
an intermediate stage. A clip was placed upon the right middle
cerebral artery distal to several important bifurcating
vessels, as shown in the orientation sketeh (Fig.o ).

The coronal sections (Fig.7 )} show the merked atrophy
of the right hemisphere and indicate the general nature of the
degenerative process. The hematoxylin and van Gieson prepara-
tion (Fig.8 ) illustrates this in & more detailed manner.
Centered asbout the Sylvian fissure is a zone of tissue which
hgs almost completely lost power to take up the stain., A
very striking feature is the presence of normal vessels in the
fissureltself, the vessels being filled with bismuth injected
at the time of death and therefore appearing in the picture
as black dots of varying size. Obviously the blood vessels
have rcmained open and some smaller branches can be traced into

the adjacent gyri. These vessels likewise show no degenerative

changes,



Fige %e

E 107, 118 days poste
operatively. Degeneration
in the distribution of the
middle cerebral artery
resulting from its sudden
occlusion.
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Fig. 10.

E 107, 118 days. Coronal
sections. Note loss of
substance. No primary
degeneration of the basal
ganglia because the clip
was placed distal to the
perforating branches.






2l.

As one proceeds away from the Sylvian fissure and into
the depths of the adjacent gyri one comes upon a zone inter-
mediate between frankly necrotic tissue and tissue that appears
normal. In this area is a moderate proliferation of new capil-
laries which seem to be derived from vessels in the necrotic
tissue, though this point is difficult to decide with assurance,
However, it is in this zone th&t active phagocytosis is pro-
ceeding. The phagocytes appear to be attacking the necrotic tis-
sue, the normal tissue being walled off by a gliael barrier, but
here and there the barrier is incomplete and there is some slight
invasion of cerebral tissue by new capillaries and by phagoceytes.
Probably these changes are secondary to the extension of fingers
of tissue necrosis into the adjacent normal areas.

¥ B-107. Operation April 8th, 1936. Sacrificed one hundred and
elghteen days after operation.

A clip was placed on the right middle cerebral artery
as indicated in the orientetion sketch (Fig.5 ). A lateral
view of the brain (Fig.9 ) shows extensive degeneration in =a
large part of the distribution of the middle cerebral artery.
This degenerative zone was definitely cystic, but because of
post~operative dural-leptomeningeal adhesions the leptomeningesl
covering of the cyst was necessarily torn away in removing the
dura. The coronal sections (Fig.l0) indicate the extensive de-
generation, sparing the basal ganglia because the perforating

* Footnote: Dr. William de G. Mahoney kindly injected the brain

of this animal and forwarded it to Montreal after the author's
departure from Germany.



Figo 11.

E 107, 118 days. H. and

V.G. (X2). Note sharp boraer
of 0ld degenerative process,
ex¢tept infero-mesially where
there are islands still urdere
going digestion by phagocytes.



2la., b1y ol 8




Fig. 12.

4213, 270 dayse. H. & V.Go
(X2). Note sharp border of
degenerative process, shift
of the third ventricle, and
local dilatation of inferior
horn. The lateral ventricle
is also dilated.
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branches of the artery were left intact. The hematoxylin and
van Gieson preparation (Fig.ll) shows how sharp is the border
of the lesion resulting from sudden occlusion of the artery.
There is a tangential arrangement of glia which is only modera-
tely hypertrophied in a limited area about the cyst. There is
almost no vascular hypertrophy. Degenerating cerebral tissue
is present here and there in clumps, and macrophages may be seen
gebout these whorl-like areas which are made up chiefly of glial
fibers. PForeign body giant cells are frequent and lymphocytes
are abundant throughout the section. It is obvious that an
active phagoeytie process is going on but that the process is
sharply limited &t the border offered by the tangential arrange-
ment of glis.
4213. Operation June 6th, 1930. Sacrificed two hundred and
seventy days after operation.

During the course of an earlier unrelated investigation
this animal was subjected to & right frontal lobe amputation.
An attempt was then made through the same limited exposure to
amputate the tip of the temporal lobe. When the animal came to
autopsy there was found a degeneration similar in its distri-
bution to that described in the animals above and it was quite
obvious that the middle cerebral artery had been interrupted in
its course, This was a chance finding and suggested the later
studies which are reported above, Unfortunately we have only the
microscopie preparations for study. The hematoxylin and van
Gieson section (Fig.l2) shows the general nature of the process
which is not unlike that in the protocol cited immediately above.
In this instance, however, the process of absorption seems to

have gone on more slowly and there is greater thickening of the

meninges over the cystic area. The paucity of connective tissue
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proliferation and infiltration into the adjacent brain tissue
is, however, a8 striking and a&s definite as in E-107.
SUMMARY OF THE EXPERIMENTAL FINDINGS:

It seems wholly improbable that retraction of the
temporal lobe could give rise to the degenerative picture which
has been detailed in the protocols. When, however, the middle
cerebral artery is clipped (distal to its perforating breanches
in the experiments here cited) there results an initial swelling
of the hemisphere on the side clipped. On sectioning the brains
the swellinglis found unaccompanied by gross signs of the so-
called red infarction, as described by Schaeffer, and an ex-
planation of this variation will be offered below. The immediate
stage is followed by a degenerative process resulting in an
extreme loss of bulk on the affected side., There is local des-
truction and resorption of tissue in the zone deriving its
chief source of blood supply from the clipped branch of the
middle cerebral artery. Histologically the picture is one of
an absorption of devitalized tissue., The end result of sudden
occlusion of the middle cerebral artery is the formation of a
lerge cyst which is formed by the absorption and by the carrying
away of the necrosed tissue. Extermnally the cyst is made up of
8 semi-transparent membrane comprised of the thickened lepto-
meninges to the undersurface of which may be attached bits of
undigested tissue beset with macrophages, foreign body giant
cells and lymphocytes. The deeper walls are made up of a
relatively benign zone of gliosis which separates any residual

digestive process from the adjacent, normal appearing cerebral
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Illustretion “roix Eiller (1836).
Hiller cousiders the coniition to
ve the end result of a softening

in the distribution of the temporal
branches of the middle cersbral

artery.
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Abb. 54. Cystischer Ausheilungszustand einer Erweichung im Bereich der Temporaliste der A. cerebri
media. (Aus dem anatomischen Laboratorium der psychiatrischen Klinik Minchen; Prof. H. Spaiz.
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A cyst divided by thick scar
tissue septa. Hiller regards
this condition as the result of
a large, chiefly subcortical
encephalomalacia. (From Hiller,
1936 ).
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ichtem Narbengewebe durchzogene Cyste als Restzustand einer groBen, vorwiezend
subcorticalen Encephalomalacie.
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M.N.I. Case #423, Photograph
made at operation of the cyst
situated immediately above the
fissure of Sylvius and lying
in the region of the central
fissure. For technical reasons
the hemisphere appears to be
the right, but in reality is
the left. The interrupted line
marks the extent of the operative
removale



24a., gy,




25,

have been some interlocking of the twins but otherwise the birth
was normal., The child nursed normally, began to walk at two and
one-half years and to talk at three years. At the age of eight
months it was noted that he did not use his right hand in playing
with toys and from the age of three years he had involuntary
clonic movements of the right upper extremity at irregular inter-
vals and convulsions which were more marked on the right side.

On examination there was atrophy of the entire right side
of the body, including the face, arm and leg., There was obvious
mental retardation. The patient had & hemiplegic gait, right
hemiparesis with positive Babinski, astereognosis and diminution
of two-point sensibility on the right side. The cerebrospinal
fluid Wassermann reaction was negative and the total proteins
were 20 mgm, per cent.

Encephalography showed that the left lateral ventricle
was larger than the right and there was a large cyst in the left
hemisphere measuring 3x5x5 cm. and situated above and lateral to
portion 3 of the left lateral ventricle. The septum pellucidum
and third ventricle were slightly to the left of the midline and
there appeared to be some thickening of the left side of the
cranium.

On March 27th, 1935 a left parietal osteoplastic
craniotomy was performed by Dr., Wilder Penfield. After opening
the dura it was seen that there was a fluid-filled cyst above
the fissure of Sylvius and apparently in the former centrsal
fissure (Fig.15). It began in the fissure of Sylvius and passed
upward and backward, being somewhat larger at the base tham it

was above., The cyst passed downward to the ventricle and there

was a thin transparent membrane between it and the ventricle,



Figl 16 L

M.N.I. Case #423. A cross
section cut through the center
of the block of tissue excised
at operation. Note the thinness
of the cyst wall, Rule is in
centimeters.
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M.N.I. Case #423. Hematoxylin

and van Gieson stain (X2) to

show general nature of the process,
The sharp black dots of various
sizes are blood vessels, quite
normal in miecroscopic appearance,
containing bismuth injected at

the time of death.,
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This membrane did not seem to be complete but doubtless repre-
sented the 0ld ependymal wall of the ventricle. The cyst was
covered over with transparent pia-arachnoid., Close to it, in
its wall, there was some yellow tissue but there was no gelatine-
like tissue, such as is seen in meningocerebral cicatrices, and
there were no adhesions between the pia-arachnoid and the dura,
Dr. Penfield concluded from this that there had never been a sub-
dural hemorrhage nor any wound passing through the dura and that
the cause of the lesion must have been obliteration of the middle
cerebral artery or of one of its large branches., The brain around
the cyst appeared normal; it was somewhat suffused but the con-
volutions themselves were of good size and consistency, perhaps
they were a little dense,suggesting a small amount of gliosis,
The cyst was removed by silk sutures and suction.

Pathological examination showed the inner surface of
the cyst (Fig.l6) to be smooth, of a light pinkish-purple color
end in the wall there were several large vessels. Microscopical=-
ly (Fig.l7) the arachnoid was found to be thickened, slightly
© beyond the cyst, and much more so as the cyst was approached.
There was much collagen in fine strands, with many spaces in the
meshes., There were, in addition, many lymphocytes in the arach-
noid. The nerve cells were pyknotic immediately adjacent to the
cyst and in a few instances there were more than the normal num-
ber of satellites. There seemed to be a small amount of cerebral
tissue on the inner surface of the cyst and this was greatly
altered, being broken up int numerous small rounded fragments
which contained many groups of lymphocytes. In places the blood

vessels were greatly increased in number. No cerebral tissue was



27.

found containing fibrous connective tissue and none was defi-
nitely invaded by the leptomeningeal proliferative process,

There was a striking absence of dense scarring in the leptomeninges
and in the cerebral tissue and a surprisingly small degree of
reaction in the brain. A large vessel was cut traansversely,

and in part longitudinally. It may very well have been the

middle cerebral artery and it showed no pathological changes,
M.N.I. Case No, 2266;

At birth this patient, a women of twenty-five years,
was a transverse presentation but no instruments were used,

She was somewhat blue but cried spontaneously. She talked &t
one year of age but did not walk until three years because of
the weakness described below. When the child was one week old
the mother noticed that her right side was weak and two weeks
later it was observed that the patient's right hand was closed
most of the time, that she had little power in grasping things
and that the right arm moved very little., At the age of ten
years the patient began W have Jacksonian epileptic attacks,
manifested by head and eye turning to the right, clonic move-
ments of the right arm and then unconsciousness and generalized
clonic movements.

Examination showed that the patient was mentally re-
tarded. Her head was small, somewhat flattened at the vertex
and the left side was smaller than the right. The right side
of the chest was smaller than the left. There was a high-pitched
systolie murmur in the mitral area and the spleen was palpable.
There were both motor and sensory deficiencies on the right

side which need not be detailed here. The Wassermann reactions

in the blood and cerebrospinal fluid were negative and the total

proteins in the latter were 18 mgm. per cent,



Fig. 18,

M.N.I. Case #2266, Photogreph
made at operation of the gutter
of altered tissue corresponding
to the fissure of Sylvius. For
technical reasons the hemisphere
appears to be the right, but 1is
in reality the left. The inter-
rupted line indicates the extent
of the removal, except mesially
where the crosses indicate tissue
removed from the central gyri as
far as the falx.
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Encephalography showed that the skull was asymmetrical,
the left side being much flatter than the right. The cranial
cavity was small in relation to the size of the face and jaws,
The right lateral ventricle was displaced to the left but other-
wise it had a normal appearance and showed very little dilatation.
Portion 1 of the left lateral ventricle was comparatively normal.
There was enormous dilatation involving portions 2, & and 4 and
most of portion 6 on the left side. In one region the width of
brain external to the ventricle was only 1.3 cm. The third
ventricle was quite large and displaced slightly to the left of
the midline, There was, consequently, very marked atrophy in-
volving the left hemisphere, least marked in the anterior por-
tion of the frontal lobe. The subarachnoid space of the right
hemisphere was not very unusual except for a few rather broad
intergyral sulci. Several widened sulcl were present on the
left side, particularly in the parietal and occipital regions,

On February 18th, 1937 a left osteoplastic craniotomy
was performed by Dr. Wiider Penfield., There were no adhesions,
aside from Pacchionian granulations, between the dura and the
brain and nothing to suggest previous hemorrhage. The brain
itself presented a gutter of altered tissue corresponding to
the fissure of Sylvius and extending upward and backward a
long way beyond what should have been the fissure of Sylvius
(Fig.18). Also the region of the motor gyrus showed a definite
decrease in size of the gyri and gliosis extending upward as
far as the falx. The other gyri appeared quite normal. Within
the scar which was in the fissure of Sylvius there was one

cyst which was not very large. The roof of the inferior hora



Figo lgo

M.N.I. Case j2266. (Cross sections
through the block of tissue excised
at operation. Note the gliosis,
meningeal thickening, and the patent
vessels in the meninges. Rule is

in ecéntimeters,
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M.N.I. Case #2266. Hematoxylin

and van Gieson (X2). Note the
numerous cysts surrounded by pro-
liferated connective tissue en-
compassing islands of glia. Many
patent vessels filled with bismuth
may be seene.
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of the ventricle was quite thin., When the scar was extirpated
there was no vessel found which could be identified as the mid-
dle cerebral artery, although the scar itself pulsated quite
actively and seemed to have an increased amount of blood supply
and an increased number of large vessels. The scar was re-
moved entirely with deep brain sutures and blunt dissection and
the excision was carried upward so as to include the convolution
on either side of the fissure of Rolando as far as the falx
itself, The general nature of the excised scar can be judged
from the picture of the gross specimen (Fig.l9). The thickened
meninges are clearly shown and at least three large patent ves-
sels may be seen superficially. The multilocular cysts are
obviously lined by heavy gliosed bands of degenerative and of
proliferative tissue. The adjacent gyri, though less affected,
are obviously abnormal. These points are demonstrated in more
detall in the hematoxylin and van Gieson preparation (Fig.Z20)
which shows islands of glial tissue, devoid of nerve cells and
surrounded by bands of proliferated connective tissue, heavily
laden with collagen. Scattered clusters of phagocytes are still
to be found in isolated areas. The blood vessels filled with
bismuth, and therefore appearing as black dots, are normal.

Case Ger. Kas. of the Wenzel-Hancke Kramkenhaus (Breslau). Service

of Professor Otfrid Foerster,

This patient, a boy of thirteen years, was born of a
mother who had had three miscarriages. The child's birth and
early development were normal up to the age of six months when
he developed "a paralysis, especially marked on the right side",
Further details of this illness are lacking. For approximately

two years before admission he had been having occasional



Figo 21.

Ger, Kas. Note particularly
the gutter of altered tissue
in the distribution of the
middle cerebral artery,
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Ger. Kas. See Text.,
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epileptic seizures, usually beginning in the leff leg but some-
times in the right. The seizures became widespread, were ac-
companied by loss of consciousness and sometimes by loss of
speech. These had increased in frequency and he was admitted
to the hospital in status epilepticus.

Physical examingtion showed that the left side of the
skull was somewhat flattened, especially anteriorly. He pre-
sented signs of motor and sensory disturbance in the right side
which are irrelevant to the present investigation. There were
no cells in the cerebrospinal fluid and the Wassermann reaction,
mastic and gold-sol curve were all negative.

Encephalography showed a marked degree of brain atrophy
on the left side. There was marked widening of the left lateral
ventricle which reached to the surface of the brain where there
was also & large collection of air. It seemed as if the left
lateral ventricle was subdivided into a number of cysts. The
whole ventricular system was drawn to the left as the result of
atrophy of the left hemisphere., There was widening also of the
third ventricle.

An exploratory craniotomy was carried out on this patient
but circulatory collepse and death occurred two hours post-opera-
tively.

Autopsy revealed that in addition to the pathological
condition in the mervous system, there was status thymo-
lymphaticuse There was hemiatrophy of the left cerebral hemis-
phere (Fig.2l) and right cerebellar hemisphere. Massive de-
generation and absorption of cerebral tissue were to be seen

in the left cerebral hemisphere, with enlargement of the left
lateral ventri cle and of the left half of the third ventricle
(Fig. 22),



Figo 23,

Ger. Xas, Hematoxylin and wvan
Gleson. Note particularly the
islets of glial tissue and the
multilocular nature of the cyst.
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The area of degeneration, cyst formation, honeycombing
and loss of substance (Fig.23) involved the fod of the pre-
central and postcentral gyri, the inferior margin of the sur-
face of the marginal gyrus, the whole of the angular gyrus, the
superior temporal convolution and the upper half of the middle
temporal convolution. The pla-arachnoid over this involved
area was thickened and gray and there was a distinct depres-
sion in the zone overlying the degenerated material. The cyst
formation was lined externally by the inner face of the pia-
arachnoid which was studded with pinpoint bits of cerebral
tissue.

The thalamus was reduced to about half its normal size,
the internal capsule was very small and the sclerotic edge of
the huge cyst extended to the lateral regions of the basal
ganglia.

Microscopically the corpus callosum showed no definite
changes other than a reduction in bulk and the: stratum griseum
appeared normal. The cingulate, postcentral and superior parie-
tal gyri showed diffuse loss of cells due t© ischemic changes
which ranged from obliteration to slight pallor. In the lower
half of the superior parietal gyrus the indiscriminate loss of
cells became more marked and when the cystic areas were reached
only very small islands of cells remained and these were so
pale as to be almost indistinguishable as neurones. In the
paracentral gyrus the cells were better preserved and only a
few showed chronic ischemic¢ changes,

In the area of degeneration there were small islets
of degenerating astrocytes which had formed abundant fibers

and these islets were loosely embedded in connective ¢tissus.
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The middle temporal convolution rapidly approached nomality
away from the eystic area. In the immediate neighborhood of
the cyst there was a general paucity and pallor of cells. Oc-
casional pyknotic, shrunken cells with shrivelled processes
were to be seen. The third temporal convolution showed similar
cellular changes of a lesser degree. In the hippocampal gyrus
there were some areas of focal call loss and some cells showing
chronic changes. In the thalamus the small cells showed no
definite changes but scattered large cells showed chronic changes
of anemic type, pyknosis, shrunken, displaced nuclei and glassy
cytoplasm, This was particularly true of the dorso-lateral cell
éroup. In the caudate nucleus occasional cells could be found
showing chronie changes but in the claustrum, putamen, globus
pallidus and lateral geniculate bodies no cellular changes were
found,

Fiber tract degeneration could be followed through the
pong and into the brain stem. There was almost complete loss of
the pyramid on the left side &t the level of the inferior olive
and the opposite pyramid appeared to be actually hypertrophied,

The dilated left lateral ventricle was irregularly
lined with ependyma which l&terally was often defective and
replaced by thickened astrocytes. The lining of the third vent-
ricle was normal.

There was dense chronic thickening of the pia-arach-
noid without cellular infiitration, except at the base, but
with abundant collagen formation over the intact gyri and the

intervening sulci. In the region of the cystic degeneration
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there was arachnoidal and connective-tissue infiltration as
deep as the ependyma. In the cellular interstices there were
scattered numerous heavily laden phagocytes. The connective-
tissue infiltration was not altogether made up of a loose
meshwork, but in places of a heavy collagenous feltwork.

In those parts of the brain and meninges not directly
involved in the cystic changes the blood vessels presented as
thelr only abnormality a perivascular cuffing of lymphocytes
that undoubtedly was due to the fatal post-operative hemorrhage.
In the cystic grea there was vascular proliferation that took an
active part in the process of scarring. There was also a glio-
sis of small-cell type, with abundant fiber formation. Within
the area of eyst formation the presence of fat could be shown
in macrophages, indicating an active phagocytosis fourteen years
after the ictus.

COMMENT s

The anatomical distribution of the lesions in the three
clinical cases leaves little room to doubt that the pathological
process has centered about the middle cerebral artery as a
whole, or about one or more of its branches. The resemblance of
the clinical cases to the experimental lesions is striking.
However, the degree of gliosis and connective-tissue prolifera-
tion in the second and third clinical cases is deserving of
attention and should be compared with the histclogical picture
seen in tke first case. We shall return presently tc a con-
sideration of this question.

At this point it would be well to emphasize that
the histories are notagositive value in determining the mture

of the pathological processes responsible for the lesions,
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Birth injury seems to be ruled out in all., It is possible
thet in the second case the neurological disability developed

in utero and was not recognized until the end of the first week

of life. In the third case the history of "Kinderl&hmung" is
vague and is not supported by details. We are, therefore, unable
to define the nature of the process to which we would atiri-
bute the arte;ial occlusion in these cases, but we would empha-
size our belief that it is arterial in distribution. It is true
that we have not proven experimentally that venous occlusions
will not produce similar changes. Watts (1934) has shown that
the unilateral clipping of four or five of the chief tributaries
of the median longitudinal sinus of the monkey produces no gross
cerebral lesion. It would seem very likely that an extensive
obliterative process in the venous circuletion would be neces-
sary to produce focal lesions, and our clinical cases showed

no evidence of such a process, Therefore, we believe that
venous occlusion is not responsible for the clinical results

we have cited, and we think it unlikely, though not irrefutably
proven, that obstruction of the venous circuletion could produce
lesions similar to those we have here demonstrated,

Furthermore, we believe that intracerebral hemorrhage
can be ruled out in these cases for three reasons: 1) the
extent and distribution of the lesions, 2) the absence of late
tell-tale signs of hemorrhage, e.g., bile staining and the
presence of hemosiderin crystals, and 3) the absence of adhesions
between the pachy- and the leptomeninges in the first twa
cases, and their probable absence as judged from observation

of the pathological specimen in the third case.



Fig. 24.

Same specimen as fig. 1l6. Note the
sharp border of the cyst, and the
preservation at the cyst's periphery
of gross anatomical configuration.
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We have already drawn attention to the similarity in
anatomical dis tribution and the disparity in the pathological
appearance of cases two and three as compared to case one and
the experimental lesions. An explanation of the disparity is
called for and we believe that the greater gliosis and con-
nective-tissue proliferation in the last two clinical cases is
the result of the establishment of collateral circulation in
the periphery of these two lesions. Unfortumately we know as
yet of no way of producing a slower occlusion of an artery
than the sudden interruption produced by the placing of a silver
clip, so that experimental proof of our contention is lacking.
However, as has been demonstrated above, sudden occlusion of a
large artery produced experimentally leads to the formation of
a relatively benign cyst. The condition in the first clinicsal
case is very similar in nature to that of the experimental
cases, though of lesser extent (presumably the condition re-
sulted from sudden occlusion of the vessels of supply to the
Rolandic region, the other branches of the middle cerebral
artery not being directly involved in the process). Figure 24
demonstrates clearly the sharp border of the cyst. and the
preservation at the cyst's periphery of gyri whiech have re-
tained their gross anatomical configuration, though microscopiec
study shows many cellular changes indicating a disturbance of
circulation of lesser degree in these gyri.

It appears then that sudden ischemia of a large
portion of brain tissue leads to a central necrosis and the
eventual absorption of the central core of tissue. At the

periphery, however, one finds & slight to & moderate degree
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of gliosis and connective-tissue hypertrophy with few or mno
nerve cells present. This is not a surprising finding , for it
is a well known fact that a relative anemia leads to neuronal
loss with the development in the involved area of glial and
connective-tissue hypertrophy, providing the anemia is not
severe enough to lead to the death of glia and connective tissue.
It, therefore, seems reasonable to believe that the
relatively benign appearance of the experimental cysts is due to
the fact that clipping being sudden, there is relatively little
opportunity for collateral circulation to become established a-
bout the periphery of the anemic zone. Hence the area of cené
trel necrosis is great, the zone of glial and connective-tissue
hypertrophy is narrow, If, on the other hand, the occlusion is
relatively slow - perhaps in terms of hours, perhaps in terms of
days: the evidence is insufficient to decide - there is a con-
sequent broadening of the zone of hypertrophy about the cyst,
with the result that the cyst's periphery becomes surrounded
by an outer covering of tough glial tissue, heavily infiltrated
with new vessel growth. Hence one finds the histological ap-
pearance to be seen in the second and third clinical cases.
Specific note has not been made, excapt in the third
clinical case, of the microscopic changes underlying the general
atrophy of the affected hemisphere observed in the clinical and
experimental cases alike, but attention should be drawn to the
fact that atrophy of cells at a distance has been observed,
affecting even the contralateral hemisphere., Such atrophy,
which we have not studied in detail, is apparently secondary

to degeneration in association and commissural fibers.



37.

Some comment upon the question of red infarction
mist be made. As has been stated, the cut section of the brains
of the experimental animals, sacrificed at all periods - from
one t0 one hundred and eighteen days after operation - failed
to show evidence of red infrction. The most satisfactory ex-
planation of this finding, surprising in view of clinical
experience, is that the peristent, though much reduced,
circulation in the leptomeninges (and presumably therefore)
in the cerebral substance, is adequate to preserve the integrity
of the vessel walls, so that diapedesis does not occur. If
this be the correct interpretation it but serves to emphasize
the far greater dependence of neurones, than of connective-
tissue elements, on normal blood supply, and it is?gignificance
that the structures that tend to remain after complete sudden
occlusion of a vessel are those meking up the vascular tree,
and to a very much lesser extent the interstitial cells,
whereas neurones suffer to the greatest extent., Furthermore,
the occurrence of massive destruction of cerebral tissue such
as has been described, unaccompanied by red infarction or
other evidence of severe vessel damage, is strong presumptive
evidence against the clinical conclusion of Globus and Strauss
(1927) that local cerebral destruction is an essential pre-
cursor of cerebral hemorrhage.

Finally, it seems legitimate to conclude that the
probable reason red infarction is seen frequently in clinical
cases is that the cerebral vessels in these cares are often
so diseased that after occlusion centrally (e.g. by embolism),
blood flow is reduced so low - because of diseased peripheral

vessels with diminished caliber - that even the vessels, most

resistant to oxygen lack of all structure concerned, are
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unable to receive sufficient nourishment. Hence diapedesis and
hemorrhage occur. The late histological result would in such
a case be different from that to be expected in a similar
occlusion in a brain with healthy vessels, for in the former
case the outpouring of blood either in the form of multiple
petechial hemorrhages, or as a single massive hemorrhage, would
stimulate scar tissue formetion (see chapter on intracerebral
hemorrhage). On the contrary, as has been demonstrated, when
the vessels are healthy, sudden complete occlusion results

in cystic degeneration in the peripheral distribution of the
occluded vessel.

In conclusion, the need of clarification of the
changes underlying the ®"fixed lesions of the brain™ (Crothers,
Vogt, and Eley, 1930) is evident and we believe that the facts
and the interpretations presented above may be of value in
this regard.

SUMMARY :

l. Various stages in the development of the late anatomical
changes resulting from experimental occlusion of the main
branches of the middle cerebral artery are described.

2 Three c¢linical cases are presented for comparison with
the experimental material.

3. It is suggested that the anatomical end result of occlusion
of the middle cerebral artery or its branches gives a defi-
nite anatomical picture.

4, It seems possible that the gradatioms in the histological
picture found in such cases may be due to the relative

rate of occlusion of the middle cerebral artery, i.e., that

sudden occlusion with massive softening leads to cyst
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formation, that slow occlusion provides opportunity for
the establishment of collateral circulation in the peri-
phery of the softened area and therby allows prolifera-
tive glial and connective-tissue changes to take place.
As & result, greater cicatrization is found in such
cases.,

Sudden complete occlusion of the middle cerebral artery
in monkeys possessed of a normal vascular tree is unac-
companied by red infarction., It is suggested that the
diminished circulation persisting after the occlusion,
though insufficient to support the life of the parenchy-
mal tissue, is adequate to preserve the vessel walls and
to prevent diapedesis. It follows as a probable corollar