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PREFACE 

Among the regulations concerLiDt theses intended 

for presentation to the ~raduate School Faculty of McGill 

University is the following: tt •• o ••••• Scient:fic theses 

should also contain an introductory historical statement of 

previous work or inves t igB. tion~ ...... tt and., " •••• 0 There should 

be a clear statement of the claim of original work or con-

tribution to knowledge made by the author". 

Ni thin recent years there has developed an increasing 

tendency in pathology to interpret lesiolls in terms of the 

mechanism of their ~roduction, so that somewhat less em~ha-

sis is now laid on purely descriptive morbid histoloe;y. The 

present study reflects this tendency. 'Ne have att.empted to 

show that the diverse, late, histologi-cal les ions found in 

the brain after apparently unrelated insults - vascular 00-

~ 

elusion, intracerebral hemorrhage, and cerebral contus:on and 

laceration - should not be looked upon as unrelated lesions, but 

as expressions of varying degrees of the same functional dis-

turbance - an interference with normal cerebral ciTc·Jlationo 

This ap:proach is J so far s.s -rile are 3. ware, new to the .a.'Tlerican 

literature on cerebral pathology; though somewhat of the same 

method of handling has been employed by Friedrich Hiller In the 

German literatureo 

The tendency ifl the past to discuss th8 above 

conditions individually has made it impractical to .:;resent 

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 im~ossible 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 em:phasize 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 "claim of original work" is not wholly individual for 

the author owes much to his two collaborators on this phase of 

the problem, Doctor Donald McEachern 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 uni~ue - and serve to show the essential similarity between 

such lesions and the change~ 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 mechanism 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, etc. Finally, the insistence on pre­

servation of vascular supply in carrying out the procedure of 

cerebral scar excision, while not a new idea, has its rationale 

given in a more detailed and logical fashion than heretofore. 

However, these are all considerations 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 that many ideas have unconsciously slipped from the 

literature into his own thoughts, to reappear in his argument 

as original conoeptions. This is even more true of ideas 

acquired during association with others - which makes proper 

aoknowledgement of the help gained from many sources particularly 

difficult. The au~hor is sure that much of what follows 

represents accretions gained in partioular from two individuals 

with whom he has long been associated, Professor Wilder Fenfield 

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, 



has 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 

~hotographs are the work of R.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 

• recogn1zes. 



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 identity 

the late changes which follow cerebral insults of one form or 

another. Finally, a clearer understanding of the mechanism ot 

production of the various end results of cerebral insults may 

guide the way to improvement in therapeutic measures, both 

medical and surgical. 

The work inoluded 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 deter.mine. what factors governed healing, 

so that one might employ methods of scar excision which would 

permi t of the surgeon leaving less soar 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 au topsy, 

of a particularly benign-looking area of cerebral destruction -

with none of the characteristics of post-traumatic cicatrix. 

This area of destruction obviously resulted from an accidental 

interruption of branches of the middle cerebral artery at 



2. 

operation nine months earlier. This chance finding suggested 

that 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 tissue elements, 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 points. In general -

as will be detailed later - the results have been confirmatory 

of the hypotheais (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 oontusion. It seemed possible that all of these 
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lesions mdght be correlated on a vascular basis and that the 

late histologioal changes in cases ot 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 ru~ture of 

vessels, or 3) because ot functional vascular disturbances 

occurring locally, or 4) because of a combination of these 

factors. This argument will be elucidated further in the 

~roper cha~ter. 

Similarly, a consideration of the literature on 

cerebral hamorrhage - with its ~resent-day insistence on the 

importance ot functional vascular disturbance - suggested 

that an attempt to produce la te results of "eXl>erimental 

hemorrhage" might be of value in interpreting the late changes 

ot cerebral hemorrhage t and Ddght cast further light on the 

process of cicatrization. Accordingly a number ot antmals 

have had intracerebral injection of whole blood made. In 

the past such experiments, as far as we are aware, have not 

been tollowed beyond the three wee~ stage. The resultant 

histological picture will be described later. 

Finally, then, we were brought back to the starting 

point, that of meningocerebral cicatrix, but equipped, as a 

result ot 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 

~rinciples essential to intelligent application ot thera­

~eutic measures. 
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In an etfort to simplify and clarity the problem 

a deliberate exclusion has been made ot developmental 

anomalies, and ot infectious and degenerative oonditions 

(including arteriosclerosis). SUch omissions are obviously 

o~en to grave oriticism but they are believed warranted, it 

only because ot the magnitude of the problem as already de­

lineated, and there is much evidenoe to suggest that the 

principles developed in the course ot the tollowing argument 

may justly be applied as a partial solution at least ot the 

oerebral scarring oocurring in infections and degenerative 

conditions. 

An even more important omission, perhaps, is a 

oonsideration 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 inoluded 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 

ot their lesions are such as not to lead to ready oonfusion 

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. 

~e investigations ot pteifer (1928) and particularly 

ot Cobb (l93l)and his school have necessitated a complete re­

vision of the old conceptions of cerebral circulation. From 

a purely anatomieal point of view Pfeitter has conclusively 

shown that the arteries within the brain substanoe are not end 

arteries as was argued by Conheim trom pathological material. 

Pteifterts views have been abundantly corroborated by Cobb 

and Talbott (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 OCCipital lobe". 

The presence ot extensive anastomoses ~ong the 

vessels making up the pial-arachnoidal circulation was affirmed 

by HEIl'bner in 1872 and since that time has been denied and 

reaffirmed by various authors. Testut (l929) and PoiDer and 

Charpy (1921) record the anatomieal work from which have been 

drawn these discordant conclusions. But the presence ot pial­

arachnoidal anastomoses is now generally accepted as an ana­

tomical fact. With the knowledge ot these two extensive 

anastomotic networks, meningeal and cerebral, a reinterpreta­

tion of the pathological 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 atter the occlusion ot a 

main arterial trunk may not be so great as that ot the 
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original pathway so that, as pOinted out by Lay (1932), there 

exists a certain autonomy in the distribution of the major 

vessels. Thus, tor example, it the middle cerebral artery is 

occluded a degree of collateral circulation becomes established 

in the more peripheral area ot supply ot 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 normal conditions. 

It the cross-sectional diameter ot all the vessels 

making up the anastomotic ]?8. th"ays is less than that ot the 

usual vessel ot supply the minute volume ot blood delivered 

will obviously be less than normal. Other factors, such 

as the resistance ot the vessel walls, capillary permeability, 

vasomotor control, etc., enter into the problem and make it 

one 0 f extreme complexi ty • 

An e~rimental approach to the problem has been made 

by Evans and Petersen (1937) and Evans and McEachern (1937) 

who have studied the ~ial-arachnoidal circulation following 

the placing ot a clip upon the middle cerebral artery ot the 

monkey. Following the clipping there can be observed in the 

distributiG.R of the cli~ped vessel pallor ot the brain, loss 

ot arterial pulsation, diminution in venous pressure, and 

diminution in rate ot 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 oerebral 
artery. Two of the clips can 
be seen. The th:1r d is hid den 
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. 



6a. Fig, 1. 



F : -, 0 ..l..o. G. 

Extensive cerebral destruction 
found 118 days after occlusion 
of the right middle cerebral 
artery. Monkey 



6b. Fig. 2. 
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observed mdcroscopically. X-rays ot post-mortem injections 

of bismuth into the brains ot these animals show that the 

opaque material finds its way through collateral channels to 

the disteJ. side ot the clip (Fig. 1 ). 

Were it possi~ 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 

many weeks later, extensive cerebral destruction (Fig.2 ) simi-

• lar to that noted clinically by Foix 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 ana­

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 deter.mine the establishment of a 

*. high degree ot collateral circulation. It is of interest 

in this connection that Lay (1932) has seen rare clinical 

cases in which obliteration of the artery of supply by 

embolism or by thrombosis has oocurred without sottening 

resulting and without there being found an arterial anomaly 

'" Footnote No. 1: For a complete bibliography of the work of 
Folx and his school see Lay (1932). 

** Footnote No. 2: We have sought in conjunction with this study 
to deta:rmlne some ot the factors which may improve collateral 
circulation. These findings will be presented in a separate 
communication by Dr. Donald Mc Each ern. 
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to account tor the lack ot sottening. His cases three and 

tour are examples and he cites other instances from the litera-

ture. 

The subject ot vasomotor control of the cerebral 

vessels is naturally of great importance in considering the 

present problem. The physiological investigations ot Cobb 
* . 

and his school- have shown that there are three influences 

affecting the caliber ot the arterial vessels: vasomotor, 

chemical, and systemic. Ot these, the last two are the most 

important, as :tar as normal physiology is concerned. ot the 

two vasomotor functions, constrictor and dilatator, lIoltt 

(1936) says the following: ItThe constrictor vasomotor appara-

tus of the brain probably acts primarily to keep the cerebral 

vessels in the proper state ot constriction and to aid them 

in regaining their nor.mal caliber atter vasodilatation. Also, 

the vasoconstrictor apparatus acts as a tine adjuster, 

regulating blood tlow within the head more precisely than 

the powerful hydrostatic and chemical torces. This function 

of tine adjustmen~rather than obliterative constriction, 

would appear to be the chief pur}X)se ot cerebral vaso­

constriction. Apparently the prime function of neurogenic 

cerebral vasodilation is that ot compensation, reducing the 

peripheral resistance ot the oerebral vascular tree during 

Periods ot depressor reflex action·. 

Porbes, ¥inlay and Nason (1933) have emphasized 
un 

that the relatively/important vasoconstrictor activity ob-

served in the cerebral vessels (usually not causing more than 

* Pootnote: A detailed bibliography on the cerebral circulation 
may be found in the review by Wolt~ (l936). 
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a ten per cent decrease in the caliber ot the vessels studied) 

could, conceivably, under pathological conditions, became 

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 reduction in blood flOW, such as that accompanying even 

a mild constriction of the cerebral arter1oles, is ot 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 content or in rate 

of flow results immediately in symptoms ot oxygen lack". 

EXperimentally Florey (1925) has produced marked vascular con­

striction in the pial vessels by means ot mechanical, chemical 

and thermal stimuli applied directly through the pia-arachnoid. 

What evidence is there ot 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 tor the conception 

of a functional vascular change as being responsible for 

organic change was provided by the work ot Spielmeyer (1930) 

on the late changes found in the Ammonts 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 occur in twenty-six out of forty­

three cases of epilepsy whose cortex was stimulated electrical­

ly at operation. In thirteen cases no response to sttmulation 

was obtained and in these there were no arterial constrictions, 

areas ot anemia, flushing, or other evidenoe ot vasomotor dis­

turbance. In twenty-six of the thirty remaining cases there 

was evidence of vasomotor disturbance and in six ot these there 

was a oonstriction of one or more pial arteries, which con­

striction interrupted blood flow entirely. Such constrictions 

have been observed to persist for fifteen 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 found 

to have an extensive degeneration of the occipital lobe. * 

* POotnote: Penfield's interpretation of the degeneration as 
berng due to anem1a consequent u~on recurrent vasospasm 
has been questioned on the ground that organic disease of the 
posterior cerebral artery was not excluded. ~is would seam 
a valid objection and in an attempt to answer it we have 
reviewed the microsco~lc preparations of the amputated 
occipital lobe. There is present in the vessels an extensive 
vascular reaction, many ot the arteries and capillaries being 
obliterated. This evidence does not, however, exclude 
Penfield's interpretation from consideration, for the organic 
vascular changes could be secondary to tunctional disturbance 
in the circulation. 



Fig. 3 •. 

Diagrammatic representation 
of Riokerts theory of.v~so" 
pare.sis. (Bauman, 1931). 
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Fig, 3,-.1 exce ' l\'e neural impul may paral)?L' tb0 ,'c'- ' d \\'all: the " C sel 
dilates, B, if the blood pre ure ha not decrea €d, th c liquid 1ll0yement in the 
wall itself i ' uppre eel, The wall e1eo-enerate and the blood may pa " through 
it (Ricker), ,neuroo-enic pa m of an arteriole cau e r Rex dilatation of it: 
capillar ie , ta ' i and hemorrhaO'e by c1iapede i If blo cl in 111 thc ~urroul1c1illg 
"e- el entcrs the arc:a of the disca ' ed , 'e: el, a ircular hClllorrhagc i: itlrIlll'd 
(Rick r l. 

Fig. 3. 
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There is then direct evidence that in at least one 

pathological oondition, epilepsy, vasoconstrictor activity 

ot great degree can occur. Similarly there has been de­

veloping an inoreasing appreciation ot the importance ot 

functional Circulatory disturbances in organic disease ot the 

central nervous system not direotly related to epilepsy. 

Ricker (1927) pioneered and elaborated the conoeption ot 

neurovascular tone as being directly related to organic 

disease. His conception supposes, and is 8.lqply supported by 

experimental facts, that in response to moderate irritants 

the circulation in the terminal arterioles am in the capil­

lary bed is slowed (peristasis) and leucodiapedesis ocours. 

MOre severe irritants lead to an even greater slowing ot 

circulation (prestasis) and a diapedesis ot red blood cells 

occurs. These changes are, according to Ricker, associated 

with a vasoconstriction of the muscular arteries, and a 

dilatation ot the terminal segments as shown in figure 3 t 

a diagram taken from a paper by Boumann (1931). If the 

irritation is ot 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 ot McEachern and Evans (1937). 

That mechanical, electrical and chemical ir~i tation can cause 

constriction and even obliteration ot capillaries given 

ot~ trom arterial branches, was amply demonstrated by Florey 

(1925), so there is some direct evidence of a mechanism such 

as that necessary for the support ot Ricker's theory. 
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Chief ~ro~onents of the Bicker school on this continent have 

been Oertel (Scriver and Oerte1,1930), 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 effect of the air 

embolism in the arteries of the mesentery of the rabbit, there 

is also a distant etfect in the capillary bed consisting 

mostly ot peristasis and prestasis and their related dia-

pedeses. In a fatal human case of cerebral air emoolism he 

was able to find exactly such change in relation to the VEnOUS 

capillary bed and the small veins, there being petechial peri­

vascular cerebral venous hemorrhage with passive hyperemia. 

B1ller (1924) described lesions in Ammon's horn in 

cases of carbon monoxide and looked on them as evidence ot a 

functional vascular change similar to that proposed by Spiel-

" meyer. "Spie~eyer and his co-worker, Neuburger, were able to 

show that this type ot lesioD, especially in the grey matter, 

was identical with that caused by organic vascular occlusions. 

There is apparently a gradual transi tion from a reparable dis­

turbance ot brain tunction on a functional circulatory basis 

(the explanation of certain transient nervous symptoms) to 

permanent detects. In this large group of circulatory dis­

orders there exist ~atholog1c gradations from slight ganglion­

cell reactions corresponding to Spielmeyer's 'Erbleichungen' 

foci in which only ganglion cells show the results ot 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 ot 

fat and air emboli described by NeubBrger and we have already 

mentioned that Chase has shown the im~ortance of Bicker'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 ot tunctional vascular changes. 

It must, however, be Doted that there is a difference 

in the meohanisms visualized by Ricker and Spie~eyer. This 

was eDPhasized by Spielmeyer in the course of the discussion 

of a paper read by him before the New York Neurological 

Society (1930). Dr. Bernard Saehs had raised the question 

ot the possible tmportanoe of venous stasis in explaining 

the lesions which Professor Spielmeyer had attributed to vaso­

spasm. The latter says, "I 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 -

than stasis or prestasis - is the cause. I do not see that. 

I think there is a possibility that vasospasm als~ can pro­

duce partial neorobiosis". 

But if 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 Spielmeyer himself would seem to indicate - both 

are essentially dependent on disturbance of blood tloY. 

We have attempted to gather evidence on the question 

ot nervous control ot blood vessel tone by observing the 

vessels over the convexi ty ot the hemisphere at the time of 

dissecting the central trunk of the middle cerebral artery 

~reparatory to placing a clip upon it. In one instance (P-l443) 

dissection of the trunk without clipping ot the vessel resulted 

in a loss ot the cardiac pulsations in the arteries over the 

conveXity ot the hemisphere which were plainly visible before 

the mani~ulation was begun. Such a loss ot pulsation suggests 

strongly a reduction in blood flow tor it is an invariable 

accompaniment of any experiment in which the chiet vessel sup­

plying an area is occluded. The pulsations did not return 

in the fifty-minute period ot observation during which the 

cortex remained exposed. Untortunately microscopic observations 

of the rate of blood flow were not made in this instance. 

On another occasion (P-1440) a twenty-five per cent 

ocolusion ot the diameter ot 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 ot 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, uthe microscopic observation of the decrease in 

rate of blood flow following the cli~~ing leaves no doubt as 

to the relative paucity of blood in the distribution of the 

middle cerebral artery~. It is, of oourse, to be remembered 

that these experiments were made under dial anesthesia which 

prObably masked to some extent any neurovascular or purely 

vascular spasm. It is easy, then, to visualize frequently 

recurring vascular insults ot similar degree (embolism, e.g.) 

which might cause serious cerebral damage. 

In ~lmm8ry, the evidence in ravor of the occurrence 

of vasospasm on a tunctional basis is weighty. As will be 

seen free use is made of this conce~tion in the chapters 

that follow in helping to explain the formation of various 

types ot cerebral cicatrix. 
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* 
Ill. CEREBRAL ARTERIAL OCCLUSION. ** 

INTroDUCTION: 

pathologists have, for many decades, interested them­

selves in the changes following occlusion of cerebral vessels. 

Hiller's monogra~h (1936) ~resents a com~rehensive 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 Lay 

(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 Maller (1930) and 

of Cone and Barrera (1931). 

Schaeffer injected melted paraffin into the carotid 

artery ot dogs. Naturally, the sites of lodgement of the 

Footnote No. 1: This chapter was presented in summary at the 
meeting of the American 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 cha~ter the author 
would like to express his appreciation of the kindness of 
Professor Otfrid Foerster in e:xtending to him the cQ~urtesy ot 
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 embQ;li, whether central or :per ipheral, in the cerebral 

vascular tree, were un~redietable. Schaeffer concluded that 

there were four stages in the resultant process: 1) of is­

chemia, lasting up to ten or fifteen hours, 2) of congestion 
;, 

and diapedesis, reaching its max:imum. in three or four days, 

3) of elimination and disintegration signalled by the ap­

pearance ot granular cells, beginning in three or four days 

and sometimes lasting several months, 4) of repair and 

cioatrizat1on, a process in which he felt glia plays the 

primary role o He inoludes in his paper a number of clinical 

cases but unfortunately the histories and pathological notes 

are very brief and there are tew illustrations. Lthermitte and 

Schaefter (1910), in a second paper, of clinioal interest, re­

gard cerebral softening as purely a mechanical lesion, nune 

necrose relevant des perturbations profondes dans la circu­

lation sanguine de l'encephale". 

Cone and Barrera, employing the same ex:Perimenta.l 

method, confirmed and amplified Schaefter's findings. Their 

study was limited to animals surviving only seven days and was 

ooncerned chiefly with cellular reactions. Likewise, Bodechte1 
n and MUller 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 or the "insult n could be oontrolled. It was decided to 

observe at various time intervals the oioatrization resulting 

from the :placing ot silver olips at vari.ous :points on the 

middle cerebral artery or 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 anatomical detects are included. We 

believe that it is now possible when presented with & diverse 

grou~ of pathological specimens, the late results of various oere­

bra! aCCidents, 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 tact that the placing ot a 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 ot that 

vessel (Evans and McEachern, 1937). Microscopic examination 

of the blood stream in vivo shows that there is a persistence 

of now, maintained thrOllgh collateral channels, but its rate 

is ~preciably diminished. This slowing beyond the site ot oc­

c1usion is, no doubt, 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 oerebral artery would :permit the establishment 

of a more efficient collateral circulation. The work of Pfeifter 

(1928) and ot Cobb and Talbott (1929) leaves no doubt concerning 

the :presence of anastomotic networks in the arterial bed. 

Observations of our own on vessels injected with bismuth solution 

am:ply confir.m these facts, and testify to their employment as 

collateral channels when a main artery of SUPIllY is occluded. A 

further pOint, one or pathological interest, is that the closure 

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

lapse ot the vessels distsl to the point of occlusion (unless the 
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P 1526. Shows on1./ local damage 
to the temporal lobe, the resu't 
of deliber~tely rough retraction 
bf tt~ lobe. 24 hours poet-operatively. 



18a. 
Fig. 4. 
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ooclusive ~rocess is of the nature of a ~rogressive arteritis). 

Hence in the microscopic prelRrations illustrated below, all 

vessels in the changed area will be found to be patent. 

EXPERnmNTAL: 

A.. The Method. - Macacous rhesus monkeys were used. 

Under standard neurosurgical conditions, with dial as the 

anesthetic agent, a right osteoplastic craniotomy was performedo 

The temporal lobe was retracted and the middle cerebral identi­

fied in the Sylvian fissure. By oareful disseotion it is not 

difficult to isolate the artery and to clip it seourely. In 

the fifth monkey cited accidental interruption of the middle 

cerebral artery occurred during an operative ~rocedure carried 

out for another purpose. 

Atter appropriate time intervals the animals were 

sacrificed, the brains washed through, via the oarotid artery, 

with normal saline,following which ten per cent formalin was 

injected. The brains were then removed for study. 

B. The Material. -
P-l526. Operation Maroh 2nd, 1937. Sacrificed twenty-four 

hours atter operation. This animal, operated upon as a con­

trol experiment, was deliberately subjected to very strong 

and rough retraotion of the temporal lobe. No clip was placed 

u:pon the artery, which was merely identified. The monkey was 

sacrificed twenty-four hours later and serial coronal seotions 

of the brain (Fig. 4 ) show looal damage in the temporal lob e, 

but no evidence of general disturbance such as would be indi­

cated by brain swelling. 



Fig. 5. 

The arrows indioated by "2"t 
"3" and ·4" point to the 
placement of the c:tlps in 
-the 2nd ... 3rd. and 4th. ex:pe~~­
ments. ·(1.e., P 1475, P 1439 and' 
E 107). 
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Fig. 6-. 

P 1476. qoronal sections 
showing the degree 'of swelling 
of the right hemisphere,'the 
displacement of the mid-line 
from right to left and of the 
Sylvian fissure downward~ There 
is evidence of moderate trauma 
to the temporal lob~. 24 ho.urs 
post-operatively. The eonvex1ty 
of the rigl1t hemisphere, with 
its dural cover ing, had been cut 
away before photographing tor .a 
study of meningeal'adhesions. 
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Fig. 7. 

P 1439. 70 days ~OS~8 
ope-ratively. Showing the _ 
marked atrophy of the rign,.­
-hemispher~- and. the peri@ 
sylvian degeneration. 
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Fig. 8. 

P 143g,70 days post­
operatively. Hemato~lin 
and van Gieson ( X it). 
Note the olean out edges 
of the lesion. 
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P-1476. Operation December 10th, 1936. Sacrificed twenty-

tour hours after operation. In this instance the temJ}Oral 

lobe was retracted wi th maximum care and a clip was placed 

upon the right middle cerebral artery at a point distal to the 

branohing of the perforating and of the basifrontal arteries 

(Flg.5). The coronal sections are shown in figure 6 . 

The convexity of the right hemisphere has been cut a.way for a 

study of meningocerebral adhesions but two points are neverthe­

less clear: 1) There is relatively little gross damage to the 

temporal lobe in comparison with that seen in monkey P-l526; 

2) There is, however, obvious swelling of the hemis~here in­

dicating a definite degree of circulatory disturbanc80 

P-l439. Operation November 24th, 1936. Sacrificed seventy 

days after o~eration. This animal 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 sketch (Fig. 5 ). 

The coronal sections (Fig.7 ) show the marked atrophy 

of the right hemisphere and indicate the general na.ture of the 

degenerative process. The hematoxylin and van Gieson pr~ara­

t10n (Fig. 8 ) illustrates this in a more detailed mannero 

Centered about the Sylvian fissure is a zone of tissue which 

has almost completely lost power to take up the stain. A 

very striking feature is the presence of normal vessels in the 

fissure1tself, the vessels being filled with bismuth injected 

at the time of death and therefore ap:pee.ring in the picture 

as black dots of varying size. Obviously the blood vessels 

have remained open and some smaller branches can be traced into 

the adjaoent gyri. These vessels likewise show no degenerative 

changes. 



Fig. 9. 

E 107, 118 days poste;. 
operativelyo Degeneration 
iri the distribution of the 
middle cerebral-artery 
resulting fram 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 bec~use the clip 
was placeddistal to the 
perforating brancheso 
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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 :proli fera_tion 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 that active phagocytosis is pro­

ceeding. The phagocytes ap~ear to be attacking the necrotic tis­

sue, the normal tissue being walled oft by a glial barrier, but 

here and there the barrier is incomplete and there is some slight 

invasion of cerebral tissue by new capillaries and by pnagocytes. 

Probably these changes are secondary to the extension of fingers 

or tissue necrosis into the adjacEIl t normal areas. 

*B-107. Operation ~pril 8th, 1936. Sacrificed one hundred and 

eighteen days atter operation. 

A clip was placed on the right middle cerebral artery 

as indicated in the orientation sketch (Fig.5). A lateral 

vier 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 ot 

post-operative dural-leptomeningeal adhesions the leptomeningeal 

covering or the cyst was ne cessarlly torn away in removing the 

dura. The coronal sections (Fig.10) indicate the extensive de­

generation, sparing the basal ganglia because the ~erforating 

* Footnote: Dr. William de G. Mahoney kindly injected the brain 
of this animal and forwarded it to Montreal atter the authorts 
departure from Germany. 



Fig. 11. 

E 107, 118 days. H. and 
V.G •. (X2). Note sharp boraer 
of old degenerative process* 
except infero-mesia11y where 
there are islands still unler­
going digestion by phagocyteso 
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Fig. 12. 

4213, 270 days. H. &. VoG. 
(X2 J • Note sharll border of 
degenerative process, shiit 
of the third ventricle~ and 
local dilatation of inferior 
horn. The lateral ventricl.e 
is also dilated. 
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branches ot the artery were lett intact. The hematoxylin and 

van Gieson ~reparatlon (Fig.ll) shows how sharp is the border 

ot 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 

about these whorl-like areas whioh are made up chiefly of glial 

fibers. Foreign body giant cells are frequent and lymphocytes 

are abundant throughout the section. It is obvious that an 

active phagocytic process is going on but that the process is 

sharply limited at the border offered by the tangential arrange­

ment of glia. 

4213. Operation June 6th, 1930. Sacrificed two hundred and 

seventy days atter operation. 

During the course of an earlier unrelated investigation 

this animal was subjected to a right frontal lobe amputation. 

An attem:pt was then made through the same limited exposure to 

amputate the tip ot 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 

microscopic pre~arat1ons for study. The hematoxylin and van 

Gieson section (Fig.l2) shows the general nature ot the process 

which is not unlike that in the ~rotocol cited immediately above. 

In this instance t however t 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, as striking and as definite as in E-107. 

SUMMARY OF THE EXPERIMENTAL FINDINGS: 

It seems whol1y 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 

oerebral artery is clipped (distal to its perforating branches 

in the experiments here cited) there results an initial swelling 

of the hemisphere on the side clipped. On sectioning the brains 

the swelling is found unaccompanied by gross signs of the so­

called red infarction, 8S 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 branoh 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 

large cyst which is for.med by the absorption and by the carrying 

away of the necrosed tissue. Externally the cyst is made up ot 

a semi-transparent membrane comprised of the thickened lepto­

meninges to the undersurface of which may be attached bits ot 

undigested tissue beset with macro~hages, foreign body giant 

cells and lym.phocytes. The deeper walls are made up ot a 

relatively benign zone of gliosis which se~arates any residual 

digestive process from the adjacent, normal appearing cerebral 



Fig. 13. 

Illustration ~roill Eill~r (1936)0 
Hiller cOllsiders the cOL~ition to 
~e "t:le end result of a softe!ling 
in the distribution of the temporal 
branches of the middle cerebral 
~rterJo 
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Fig. 14. 

A cyst divided by thick scar 
tissue septao Hi1ler regards 
this condition as the result of 
a large, chiefly subcortical 
encephalomalacia. (From Hiller, 
1936). 
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Figo -15. 

M.N.I. Case #4230 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 reali ty is 
the lerto The interrupted line 
marks the extent of the operative 
removal. 
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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 ~laying 

with toys and fram the age of three years he had involuntary 

clonic movements of the right upper extremi ty at irregular inter­

vals and convulsions which were more marked on the right side. 

On ex~ination there was atro~hy of the entire right side 

of the body, including the face, arm and leg. There was obvious 

mental retardation. The patient had a hemiplegic gait, right 

hemiparesis with positive Babinski, astereognosis and diminution 

of two-]Oint 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 si tuated above and lateral to· 

portion 3 of the left lateral ventricle. The sep~ 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 

• cranl.um. 

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 central 

fissure (Fig.15). It began in the fissure of Sylvius and passed 

upward and backward, being somewhat larger at the base than it 

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

was a thin transparent membrane between it and the ventricle. 



Fig. 16. 

MoN.I.Case /f4239 Across 
-section cut thrbughthe center 
of the block of tissue excised 
at operationoNote the thinness 
of the cyst wall. Ru-le is in 
cent irne ters. 
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Fig~ 17. 

M.N.I. Case 1423. Hematoxylin 
and van Gieson stain (X2) to 
show genera). nature of the process o 

The sharp bl~ck dots of various 
sizes are blood vessels" quite 
normal in microscopic ap:pearance~ 
containing bismuth injected at 
the time of deatho 
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This membrane did aot seem to be complete but doubtless repre­

sented the old e~endymal wall ot 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. Pentield concluded from this tha.t there had never been a sub­

dural hemorrhage nor any wound passing through the dura and that 

the cause ot the lesion must have been obliteration of the middle 

cerebral artery or ot one of its large branches. The brain around 

the cyst appeared normal; it was scmewhat surtused but tm' con­

volutions themselves were of good size and consistency, perhaps 

they were a little dense,suggesting a small amoun~ of gliosis. 

The cyst was removed by silk sutures and suction. 

Pathological examination showed the inner surface of 

the cyst (Fig.IS) to be smooth, of a light pinkish-purple calor 

and iD. the wall there were several large vessels. Microscopical­

ly (Fig.17) 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, wi th 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 rew instances there were more than the normal num­

ber ot 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 into numerous small rounded fragments 

which contained many groups o~ lymphocytes. In places the blood 

vessels were greatly inoreased in number. No cerebral tissue was 



27. 

found containing fibrous connective tissue and none was defi­

nitely invaded by the leptomeningeal ~roliferative ~rocess. 

There was a striking absence of dense scarring in the le~tomeninges 

and in the cerebral tissue and a surprisingly SDl3.11 degree of 

reaction in the brain. A large vessel was cut transversely, 

and in :part long! tudinally. It may very well have been the 

middle cerebral artery and it showed no :pathologioal changes. 

M.N.I. Case No. 2266, 

A.t birth this patient, a woman of twenty-fi ve years, 

was a transverse ~resentation but no instruments were used. 

She was somewhat blue but cried spontaneously. She talked at 

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 ~atientts right hand was closed 

most ot the time, that she had little ~ower in gras~ing things 

and that the right arm moved very little. At the age of ten 

years the patient began 1D have Jacksonian epileptic attaoks, 

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 

systolic murmur in the mitral area and the spleen was pal~able. 

There were both motor and sensory deficienales on the right 

side which need not be detailed here. The Wassermann reactions 

in the blood and cerebrospinal nuid were mgative and the total 

~roteins in the latter were 18 mgm. ~er cent. 



Fig. 18. 

ri~. N. I. Case #22660 Photograph 
made at operation of the gutter 
of altered tissue oorresponding 
to the fissure of Sylvius. For 
technical reasons the hemisphere 
appears to be the right, but is 
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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Ence:phalography 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 a:ppearance and showed very little dilatation. 

Portion 1 of the left lateral ventricle was com:paratively normal. 

There was enor.mous dilatation involving :portions 2, 3 and 4 and 

most of portion 6 on the left side. In one region the width at 

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 an terior por­

tion ot the frontal lobe. The subarachnoid s:p8ce ot the right 

hemisphere' was not very unusual except for a tew rather broad 

intergyral. sulci. Several widened sulci 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. Wilder Penfield. There were no adhesions, 

aside trom Pacchionian granulations, between the dura and the 

brain and nothing to suggest previous hemorrhage. The brain 

itself :presented a gutter ot altered tissue corresponding to 

the fissure of Sylvius and extending u~ward and backward a 

long way beyond what should have been the fissure ot Sylvius 

(Fig.le). Also the region of the motor gyrus showed a definite 

decrease in size of the gyri and gliosis extending upward as 

tar as the falx. The other gyri appeared quite normal. Within 

the scar which was in the fissure at Sylvius there was one 

cyst which was not very large. The roof ot the inferior horn 



Fig. 19 0 

M.N.I. Case 12266. Cross sections 
through theblook of tissue excised 
at operation. Note the gliosis, 
meningeal'thickening, and the patent 
vessels in the meningeso Rule is 
in centinieterso 
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Fig. 20. 

M.N.I. Case #2266. Hematoxylin 
and van Gieson (X2). Note the 
numerous cysts surrounded by pro­
liferated connective tissue en­
oompassing islands of glia. Many 
patent vessels filled with bismuth 
may be seen. 
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of the ventricle was ~ite thin. When the scar was extirpated 

there was no vessel found which could be identified as the mid­

dle cerebral artery, although the soar itself pulsated quite 

actively and seemed to have an increased amount ot 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 

fram the picture ot the gross specimen (Fig.19). 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 ot 

proliferative tissue. The adjacent gyri, though less affected, 

are obviously abnormal. These points are demonstrated in more 

detail in the hematoxylin and van Gieson preparation (Fig. 20) 

which shows islands ot glial tissue, devoid of nerve cells and 

surrounded by bands of proliferated connective tissue, heavily 

laden with oollagen. 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 Krankenhaus (Breslau). Service 

ot 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 

ear1y development were normal up to the' age 0 f six months when 

he developed "a paralysis, especially marke;d on the right side". 

Further details of this illness are lacking. For a:p:proxilIlately 

two years before admission he had been having occasional 



Fig. 21. 

Ger. Kas. Note particularly 
the gutter of altered tissue 
in the distribution of the 
middle cerebral artery. 
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Fig. 220 

Ger. Kas. See Text. 
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epileptic seizures, usually beginning in the left 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 ha.d increased in f'requency and he was admi tted 

to the hospital in status epilepti.cus. 

Physical examination showed that the left side of' the 

Skull was somewhat flattened, eS]ecially anteriorly. He pre­

sented signs of motor and sensory disturbanee 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. 

Enoephalography 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 ot the brain where there 

was also a large colleotion of air. It seemed as if' the left 

lateral ventricle was subdivided into a number ot cysts. The 

whole ventricular system was drawn to the left as the result of' 

atrophy of the lef't hemiSI>here. There was widening also of' the 

third ventricle. 

An eJr;P loratory craniotomy was carried out on this patient 

but circulatory collapse and death occurred two hours post-opera­

tively. 

Autopsy revealed that in addition to the pathological 

condition in the nervous system, there was status thymo­

lymphaticus. There was hemiatro~hy ot the lett cerebral hemis­

phere (Fig.21) and right cerebellar hemisphere. Massive de­

generation and absorption of cerebral tissue were to be seen 

in the left cerebral hemisphere, wi th enlargement of' the left 

lateral.. vent~cle and of' the left balf ot the third ventriole 

(Fig. ~2). 



Fig. 230 

Ger. Kaso Hematoxylin and van 
GiesoDo Note particularly the 
islets of glial tissue and the 
multilocular Dature ot the cyst. 



30a, Fig. 23. 
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The area of degeneration, cyst for.mation, honeycombing 

and loss of substanoe (Fig.23) involved the fext of the :pre­

central and ~ostcentral gyri, the inferior margin of the sur­

face ot the marginal gyrus, the whole of the angular gyrus, the 

super ior temporal convolution and the up:per half of the middle 

temporal convolution. The :pia-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 ot cerebral 

tissue. 

The thalamus was reduced to about half its normal size, 

the internal oapsule was very small and the sclerotic edge of 

the huge cyst extended to the lateral regions of tm basal 

ganglia. 

~croscopically the cor:pus callosum showed no definite 

changes other than a reduction in bulk and tle, stratum griseum 

appeared normal. The cingu~tet postcentral and superior :parie­

tal gyri showed diffuse loss ot cells due to ischemic changes 

which ranged tm,m obli teration to slight pallor. In the lower 

halt ot 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 5S to be almost indistinguishable as neurones. In the 

paracentral gyrus the cells were better :preserved and only a 

few showed ohronic 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 tissue. 
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The middle temporal convolution rapidly a:pproached normality 

away from the cystic 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 tan..poral convolution showed similar 

cellular changes of a lesser degree. In the hippocampal gyrus 

there were some areas of focal cell loss and some cells showing 

chronic ohanges. In the thalamus the small cells showed no 

definite changes but scattered large cells showed chronic changes 

ot anemic type, py~osis, shrunken, displaced nuclei and glassy 

cytoplasm. This was :particularly true of the dorso-lateral cell 

group. In the caudate nucleus ocoasional cells could be found 

showing ohronic changes but in the claustrum, putamen, globus 

pallidus and la.teral geniculate bodies no cellular changes were 

found. 

Fiber tract degeneration could be followed through the 

pODS and into the brain stem. There was almost complete loss of 

the pyramid on the left side at 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 laterally was often detective and 

re~laced by thickened astrooytes. The lining of the third vent­

ricle was normal. 

There was dense chronic thiokening of the :pia-araCh­

noid without cellular inf1l tration, except at the base. bu t 

with abundant collagen formation over the intact gyri and the 

intervening suloi. In the region of the cystic degeneration 
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there was araohnoidal and connective-tissue infiltration as 

desl' as the ependyma. In the cellular interstices there were 

scattered numerous heavily laden phagocytes. The connective­

tissue infiltration was not altogether made u~ of a 100se 

meshwork, but in places of a heavy collagenous feltwork. 

In those ];arts of the brain and meninges not directly 

involved in the cystic changes the blood vessels presented as 

their only abnormality a perivascular cuffing of ly.m~hocytes 

that undoubtedl.y was due to the fatal :post-operative hellX)rrhage. 

In the cystio area there was vascular proliferation that took an 

active part in the process of scarring. There was also a glio­

sis of small-oell type, with abundant fiber formation. Within 

the area of cyst formation the presence of fat could be shown 

in macrophages, indicating an active phagocytosis fourteen years 

after the ictus. 

COMMENT: 

The anatomical distribution of the lesions in the three 

clini cel. cases leaves li ttle room to doubt that the pathological 

prooess has cantered about the middle cerebral artery as a 

whole, or about one or more ot its branohes. The resemblance o~ 

the olinical cases to the experimental lesions is striking. 

However, the degree of gliosis and connecti ye-tissue prolifera­

tion in the second and third clinical cases is deserving ot 

attention and should be compared with the histological picture 

seen in tls. first case. We shall return presently to a con­

sideration of this ~estion. 

At this point it would be well to e~hasize that 

the historie-s a.re not~tosi tive value in determining the la tu re 

ot the pathological processes responsible for the lesions. 
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B1rth injury seems to be ruled out in all. It is possible 

that in the second case the neurological disability develo~ed 

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

ot life. In the third case the history of -Klnderlihmung" is 

vague and is not su~ported by details. We are, therefore, unable 

to define the nature of the process to which we would attri-

bute the arterial occlusion in these cases, but we would e~ha­

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 tba.:t 

the unilateral clipping of four or five of the chief tributaries 

of the med! an longitudinal sinus of the monkey produces no gross 

cerebral lesion. It would seem very likely that an extensive 

obllterative process in the venous circulation 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 circulation could produce 

lesions similar to those we have here dem.onstrated. 

Furthermore, we believe that intracerebral hemorrhage 

can be ruled ou t in these cases for three reasons·: l) the 

extent and distribution of the lesions, 2) the absence ot late 

tell-tale signs ot hemorrhage, e.g., bile staining and the 

presenoe ot hamosiderin crystals, and 3) the absence of adhesions 

between the pachy- and the leptomeninges in the first two· 

cases, and their ~robable absence as judged from observation 

ot the pathological spec~en in the third case. 



Fig. 24. 

Same specimen as fig. 16. Note the 
sharp border of the cyst, and the 
preservation at the oyst's periphery 
of gross anatomical oonfigurationo 
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We have already drawn attention to the similarity in 

anatomical distribution and the disparity in the pathological 

appa!arance of cases two and three as compared to case one and 

the experimental lesions. An ex.planation of the disparity is 

called for and we believe that the greater gliosis and con­

necti ve-tissue proliferation in the last two clinical cases is 

the result of the establishment of collateral circulation in 

the periphery of these two lesions. Unfortunately we know as 

yet ot 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 occ1usion of a 

large artery produced experimentally leads to the formation ot 

a relatively benign cyst. The condition in the first clinicalL 

case is very similar in nature to that of the ex:perimental 

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 which have re­

tained their gross anatomical configuration, though microscopic 

study shows many cel1ular changes indicating a disturbance ot 

circulation of lesser degree in these gyri. 

It appears then tbmt sudden ischemia of a large 

portion of brain tissue leads to a central necrosis and the 

eventual absorption of the c~tral core of tissue. At the 

periphery, however, one finds a slight to a moderate degree 
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of gliosis and connective-tissue hypertrophy with few or no 

nerve cells ~resent. This is not a surprising finding, for it 

is a well known faot that a relative anemia leads to neuronal 

loss wi th the development in the involved area of glial. and 

connective-tissue hypertrophy, providing the anemia is not 

severs enough to lead to the death of glia and connective tissue. 

It, therefore, seems reasonable to believe that the 

relatively benign appearance of the e~erimental cysts is due to 

the tact that clipping being sudden, there is relative1y little 

opportunity for collateral circulation to become established a­

bout the periphery of the anemic zone. Hence the area of cen­

tral 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 or 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. 

S:pecific note has not been made, except 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 

tact 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 assooiation and commissural fibers. 
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Some comment u~on the question ot red infarction 

must be made. As has been stated, the cut section of the brains 

of the experimental animals, sacrificed at all periods - from 

one to one hundred and eighteen days after operation - failed 

to show evidence of red i~ction. The most satisfactory ex­

planation ot this finding, surprising in view of clinical 

e~erienoe, is that the peristent, though much reduced, 

circulation in the leptomeninges (and presumably therefore) 

in the cerebral sUbstance, is adequate to ];Jreserve the integrity 

of the vessel walls, so that diapedesis does not occur. It 

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/~ignificance 
that the structures that tend to remain after complete sudden 

occlusion of a vessel are those making up the vascular tree, 

and to 8 very much lesser extent the interstitial cells, 

whereas neurones suffer to the greatest extent. FUrthermore, 

the occurrence ot 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 fre~ently in clinical 

cases is that the cerebral vessels in these cares are often 

so diseased that after occlusion cB1-trally (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 e~ected 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 

~eteohial hemorrhages, or as a single massive hemorrhage, would 

st~ulate scar tissue formation (see chapter on intracerebral 

hemorrhage). On the contrary, as has been demonstrated, when 

the vessels are healthy, sudden complete occ~usion 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: 

1. 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 clinical cases are presented for comparison wi th 

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 gradations in the histological 

picture found in such cases may be due to the relati ve 

rate or occlusion ot the middle cerebral artery, i.e., that 

sudden occlusion with massive softening leads to cyst 
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formation, that slow occlusion ~rovides o~portunity 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 a result, greater cicatrization is found in such 

cases. 

5. SUdden co~lete 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 arter 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 corollary 

that "red infarction" occurs clinically when the vessel 

walls' are so diseased that the impaired circulation 

following sudden occlusion is still further im~aired by 

~re-existing vascular disease with the result that the 

vessel walls are so poorly nourished that diapedesis 

occurs through them. 
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IV • INTRACEREBRAL HEMORRHAGE. 

In the preceding cha~ter we have discussed the 

morbifio physiology of one form of apo~lexy, that of 

cerebral embolism, and we have attem~ted to show the re­

lation of the disturbed physiology to the production of 

cerebral scarring. We nOli pro~ose to discuss another of the 

large sub-groups of apo~lexy, that of hemorrhage, again 

from the standpOint of its morbific physiology and tlB 

disturbances which result in scar tissue formation. 

As the result of much intensive research, particular­

lyon the part of the German investigators, notably Pho 

Schwartz (1930}, a much clearer conception of the mechanism 

ot cerebral hemorrhage is now had. The early views of Con­

he~ on diapedesis from plugged terminal arteries have now 

been abandoned. 

Similarly, the miliary aneurysms described b~ Charcot 

and Bouchard, and regarded by them as the sites of origin 

of cerebral hemorrhage, have become subject to reinterpreta­

tion. Modern views on hemorrhage associated with arterial 

hypertension are best set forth in English in the reoent 

work of Chase (1937). Inasmuch as we are here directly con­

cerned with the etiology of hemorrhage only insofar as it 

helps to explain the later cioatricial changes,we shall 

only cite briefly the conclusion which Chase draws from a 

study of eighteen cases of hypertension and brain hemorrhage, 

without associated arteriosclerosis. He acce~ts Ricker's 

conception of neurovascular tonus and argues that in 
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h~ertenslon there is a condition of vascular hyperinstabillty 

and increased neurovascular tone - reflected anatomically by 

hy'pertro~hy of muscular arteries. In transient hypertension 

he has not infrequently observed petechial hemorrhages from 

the ea~illary bed. In long-continued hypertension even ~rge 

hemorrhages may occur f~m the ca~illary bed and fram the vasa­

vasorum ot hypertrophied paretic muscular arteries, leading 

eventually to massive bleeding. The histological ~icture or 

these ~ericapillary hemorrhages he has found to be similar to 

the picture of small vessel hemorrhage seen in the living 

rabbits' mesentery following the ap~lication of irritants. 

Accepting this modern interpretation of the mechanism 

of intracerebral hemorrhage one is struc~ by the obvious impli­

cation - that a variable degree of circulatory insufficiency 

is ~resent. Whether, then, the bleeding be from the peri­

vascular hemorrhages of hypertension or whether it be due to 

the frank rupture of an aneurysm, the effect of the poured-out 

blood is to destroy by direct extension - and probably by 

fermentative action - the tissue immediately adjacent. Con­

tiguous tissue must also be destroyed by partial mechanical 

occlusion of its blood su~~ly - which mechanical occlusion is 

further heightened by the edema which we have, in the preceding 

chapter, clearly shown to be associated with inadequate circu­

lation. Degenerative ganglioncell changes in the peri~heral 

zone ot ~erivascular hemorrhage about a large intracerebral 

hemorrhage is further ~resumptive ~roof of such inadequate 

circulation (vide Fig. 242 Grinker, 1934). 



a.) "Punctate extravasation of blood 
cells extending out from a terminal 
segment in brain of case of transient 
hypertension. The blood cells in the 
vessel at either end of the hemorrhage 
are conglutinatedo This indicates 
that blood movement continued after 
the hemorrhage occurred. X 200~ 
(Chase J 1937). 

b.) "Focal hemorrhage probably from 
terminal districts adjacent to the intact 
small artery in prolonged hypertension. 
The distal half of this vessel is 
thrombOsed, while the cells in the 
proxLmal half "are still conglutinatedo 
X 90"0 (Chase, 1937). 
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41b. Fig. 2.5b, 



Fig. 26. 

Fig. 82 from Schwartz, 1930. Late 
apoplectic damage, whose origin 
Schwartz regarded as uncertain. We 
regard it as the end result of hemorrhage. 



41 c. Fig. 26 . 

A.bb. 2. GroJ3e alte Erweichung htible nacb apoplektischer cha.diO"ung. X~i,bere Gen e unklar . 
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The early stages of cerebral hemorrhage (in hyper­

tension) are well 'illustrated by Chase, from whose article the 

accompanying illustrations are taken (Fig.25). An excellent 

illustration of a late stage of cerebral hemorrbage is shown 

in figure 26 trom Ph. Schwartzts monogra~h (1930, Fig. 82). 

The late cystic changes in the left hemisphere we, in agreement 

with Killer, regard as the end result of hemorrhage, though 

Schwartz himself regarded its etiology as not clear. 

It is not difficult to visualize on theoretical 

grounds the changes which may be e:q>ected to occur in the 

later stages on the basis of what has already been said of the 

develo~ment of collateral circulation. Complete destruotion 

of the central core may reasonably be e:q>eeted to reSll t in 

an eventual absorption and digestion of the necrosed tissue. 

As one :Proceeds peri:pherally from the center of the lesion 

there will be successive changes in tissue until normal brain 

parenchyma is reached. These changes will occur in zones 

from within, outward - first a zone about the core where :pro­

liferated connective tissue and glial elements alone will 

persist. Because of irregularities in degree of blood su:pply 

there will be mUch irregularity in the structures in this 

zone, and multilocular chambers made u:p of varying degrees of 

:proliferated glial and connective-tissue elements may be fbund. 

Proceeding fUrther outward these elements will more and more 

approach their norma1 structure, but meantime occasional 

shadows of neurones will make their appearance - lagging behind 

the more nearly normal connective tissue and glial structures 

because of the greater sensitivity ot nerve cells to oxygen 

lack. Eventually toward the periphery, neurones which have 



Fig. 27. 

Fig. 74 from Hiller, 1936. 
ttAngionecrosis" and diapedetic 
hemorrhage in the region ot 
"artificial hemorrhage". Five 
hours after the injection ot 
blood. 
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b. H. "Angionekro e" und diapede ische Blutungen au kleinen GefaJ3en und apillaren in be­
ginnend nekroti chem Hirngewebc (vorwiegend Odem) im Randbereich einer artefiziellen Blutung; 

5 tunden nach Injektion de Blute. 
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suffered only ~artial damage will a~]ear, and finally brain 

normal in all resJ;e cts may be encount ered if' the insul t has 

not been too severe. 

Detailed histological considerations and the sUl):port 

for the contentions cited above will be found in the section 

on experimental cerebral hemorrhage which follows. 

EXPERnmNTAL INTRACEREBRAL HEMORRHAGE: 

Until satisfactory methods are develo:ped for ~roducing 

hypertension and hypertensive intracerebral hemorrhage in ex­

:perimental animals, one must be satisfied, so far as histology 

is concerned, with a study of the changes following the injec­

tion of blood directly into the cerebral substance. Indeed, 

according to Killer, the intracerebral inj ecti on 0 f blood mimics 

in its effects very closely those of massive bleeding in humans. 

In his 1936 monogra:ph he reviews his earlier work on the histo­

logical changes that occur in the first two or three weeks 

following the injection of blood into the cerebri of dogs. In 

the course of a few hours he found focal changes resembling in 

all res]ects a~o~lectic bleeding: a more or less com~lete 

structural neorosis, with countless hemorrhages out of and 

around damaged blood vessels. Figure 27 shows an early typical 

form of ~erivascular hemorrhage (Hiller, fig. 74). There 

could be found in the necrotic tissue vessels with obliterated 

lumina and necrosed walls. He concludes that as the result of 

intracerebral hemorrhage there occurs a secondary stasis, due 

to functional disturbances in the circulation. This stasis, 

and ferments derived fram the extravasated blood, add their 

effects to the :primary damage caused by the initial outpouring, 

of blood. 
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On the basis of Hiller's findings it seems legitimate 

to assume that the late histological changes following the in­

jection of blood may be regarded as re~roducing fairly faith­

fully those following intracerebral hemorrhage in the human. 

The most succinct description of the cellular changes 

following the injection of whole blood into the brain substance 

is that of Carmichael (1929) who injected into the brain of 

rabbits .5 ec. of blood drawn from an ear vein. He studied 

animals killed at various intervals up to twenty-two days. He 

found that in twenty-four hours the microglia were increased 

in number and had begun to undergo characteristic swelling of 

the cell bodies and retraction of their processes. At the end 

of four days "nerve cells" that a~peared to be "large macrophage 

cells, closely resembling those derived from the reti~lo­

endothelial system" made their appearance, cells that since 

the work ot D. Russell (1929) must be regarded as phagocytic 

microglia. The maxtmum change in microglia was observed at 

seven days and by twenty-two days there were only a few cells 

remaining in the region of the wound, and the cells around the 

wound now ap~eared as normal microglia. 

Carmiohael found that the astrooytes underwent early 

regressive changes, first evident at twenty-four hours. But 

by seven days there were many swollen astrocytes in the wound 

region proper and outside the normal area there were cells 

dividing by amitotio division. In other words, a proliferative 

reaction was under way at this stage. By the twelfth day the 

wouni area was found walled off by large astrocytes with a 

fair amount of perinuclear cytoplasm, and with thick prooesses. 

At twenty-two days "the most striking feature of the picture 
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was the excess of fibrillary astrocytes walling off the wound 

from the surrounding structures". 

Meantime there had become evident at twelve days a new 

blood-vessel formation which by fifteen days was quite definite. 

No note is made of the blood vessels at twenty-two days and his 

figure 6, a silver stain to show the fibrillary astrocytes, is 

not well enough reproduced to permit one to form an opinion as 

to blood-vessel formation at the twenty-two-day stage. The 

injected red blood cells were found to have begun to disappear 

in five days and by twelve days none were to be found, though 

many phagocytes could be seen laden with fine, high refractile 

yellowish crystals. 

The experiments of Hiller in which he injected blood 

into the cerebri of dogs and studied the changes for about the 

same period at time as did Carmichael, add one point of great 

importance tor, as already indicated, he showed the blood-vessel 

changes and diapedetic hemorrhages about the periphery of his 

lesions and he correlated his findings with the earlier work of 

Ricker on the changes in the vascular bed which follow trauma. 

Confirmatory of his experimental findings is the clinical work 

ot Chase, already cited (1937) on cerebral hemorrhage in arterial 

hn>ertension in which he has shown multiple to.ci of perivasC'ular 

hemorrhage. 

So far as we have been able to find no one has 

studied the late histological changes resulting from experi­

mental injection of blood into the cerebral hemisphere. 

Gajal (1928, pp. 730 et seq.) though describing the reactions 

about hemorrhagic foci resulting from cerebral laceration, 

is no doubt dealing with essentially the same histological 



Fig. 28. 

Injection of 2 ocs of whole blood 
made into the right parietal region 
of a dog two months before death. 
The arrow indioates the site of 
i'njection. ( The ohange in the 
occipital pole, to the right of the 
picture, is irrelevant). 



4.5 a '. Fig. 28. 
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problam. He describes in detail the occurrence ot fluid­

filled cysts surrounded by new blood vessel formation, which 

are in turn surrounded by a zone of hy~ertrophied astrocytes. 

To study the late changes of uncomplicated ex­

perimental hemorrhage we have made injections into the hemis­

~heres of dogs and of monkeys. The animals were sacrificed at 

~eriods ot two to three months after the "ictus" and their 

brains studied. 

Dog P-1459 was o~erated upon twice before death. 

At the first operation two brain wounds were made, one in the 

right frontal region, the other in the left occipital region. 

These wounds need not concern us __ Suffice it to say that the 

left oocipital region wound bore some resemblance to the area 

about to be described, the site of the injection of whole 

blood. This procedure was carried out two months before the 

dog was sacrificed and a small unguarded drill was used for 

making the trephine opening. It broke through the internal 

table of the skull and plunged through the brain almost to 

the base. The animal gasped but atter a moment continued 

breathing, and thereafter two cc. of blood were injected into 

the wound track. 

When sacrificed at the end ot two months the brain 

showed the changes de~icted in the photogra~h (Fig.28). To 

be noted particularly are, l} the loss of bulk in the right: 

hemis:phere, 2) the massive degeneration in the region of the 

basal ganglia, 3) the proliferated tissue in the reglon ot, 

degeneration, 4) the staining and blood pigment in the involved 

area, 5) the local dilatation of the ipsolateral ventricle in 

the region of the loss 0 f substance, El) the shift of the 



Fig. 29. 

Hematoxylin and van Gieson pre­
paration of a part ot the area 
shown in fig. 28. 
See text for description. 
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ventricular system toward the side of atrophy, 7) the loss of 

bulk in the peduncle on the right side. 

The findings indicate clearly that there was an ex­

tensive loss of substance on the side of the hemorrhage. 

Such a loss of substance might be due only to local tissue 

destruction caused by the presence of the injected blood, but 

evidence has already been presented to suggest that there occur 

about such lesions profound vascular disturbances, so that 

some of the atro~hy may well be dependent upon anemia secondary 

to fUnotional vascular changes in the area surrounding that 

of the primary insult. 

Microscopically this brain failed to shOW, as is to 

be expected at such a late stage, any direct evidence of 

functional vascular disturbance. There were found a large area 

of cystic degeneration (Fig.29) traversed by loosely fenestrated 

glial strands, an adjacent zone of active degeneration, and 

surprisingly little connective-tissue reaction, new-vessel 

formation, or infiltration by fibrous elements ot contiguous 

normal tissue. Scattered traces of bismuth were found in 

the center of the cystic area providing evidence that there 

were present some large patent vessels. Along the tracks of 

the needle was found very slight glial fenestration, with 

slight interlacement of collagen. In its essentials the reactive 

process was a cystic degeneration surrounded by almost no con­

nective-tissue proliferation and by only slight glial hyper­

trophy. 

Scarring of greater degree was found in a second 

animal, a monkey (P-l571), that underwent three injections 

at intervals of seventy-four, sixty-seven and ten days before 



Fig. 30. 

The brain of a monkey 67 days after 
injection of 3 ccs. of whole blood 
into the right parietal regiono The 
arrows indicate the extent of the 
lesion. 



47a. Fig. 30. 



Figo 31. 

Hematoxy1in and van Gieson 
preparation of the zone of 
damage seen in fig. 30. 



47b, Fig. 31. 
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death. In the first procedure 2 cc. of blood were injected 

into the left parietal region while the surface of the brain 

was observed microscopically through a brain window. The ex­

periment was done for two purposes: 1) to see whether, in 

association with the "hemorrhage", any obvious vasomotor dis­

turbances would occur; 2) to produce a late lesion of "hemorrhage". 

There occurred, at the time of the procedure, no detectable 

vascular changes other than, a) an increased pulsation of the 

arteries, and b) very doubtful perivascular hemorrhages about 

the meningeal vessels, which probably represented escape of 

the injected blood into the subarachnoid space. 

In the second p~cedure - with which we are particular­

ly concerned - 3 cc. of the animal's blood were withdrawn from 

a leg vein and injected through a small drill opening in the 

skull into the right posterior parietal region. Finally, in 

the third procedure, 4 cc. of normal saline were injected into 

the frontal region. 

We shall concern ourselves with the second lesion, 

one of sixty-seven days' duration. Figure 30 shows, in cross 

section, the appearance of the involved area. Microscopically 

there was found an extensive separation of tissue by a degenera­

tive zone heavily infiltrated with phagocytes. Portions of the 

area are invaded by a connective-tissue proliferation with, in 

some zones, the formation of heavy collagenous tissue. 

Figure 31 shows the general nature ot this llrocess. 

In another monkey (P-l501) three procedures were 

carried out: 1) amputation of the right frontal pole one 

hundred and forty-three days before death, 2) injection of 2 C~. 



Figo 32. 

The brain of a monkey eighty­
seven days after the injection 
of 2 ccs of blood into the left 
parietal regiono 



48a. Fig. 32. 

fl . 3, 41 51 61 71 81 9f 11° T lr 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 



49. 

ot blood into the left parietal region eighty-seven days before 

death, and 3} injection of 4 cc. of blood into the right oc­

cipital region fifty-seven days before death. Figure 32 shows 

the gross appearance at post-mortem of the left parietal 

region (second operati on) in cross section. Microscopi cally 

this eighty-seven-day-old lesion showed, the needle track to 

be heavily laden with a collagen core extending almost to the 

de:pth ot the ventricle. At the end of the nee~le track there 

was found a bifurcating area of tissue destruction - which 

must have been formed by the injected blood - into which the 

collagen s~rayed indiscriminately. The area of degeneration 

was made up of tissue which was loosely fenestrated by a new 

blood-vessel formation and heavily laden wi 1h phagocytes con­

taining fragments of red blood cells. There were thick bands 

of collagen and hypertrophied glial fibers interlacing in­

discriminately, and connective-tissue invasion of the adjacent 

cerebral tissue was extensive. There were no ~erivascular 

hemorrhages. 

To summarize briefly the late histologica1 changes 

following the intracerebral injection of blood, it may be 

said that there is a tendency toward degeneration and ab­

sorption of the most affected or central area so that a 

cyst may be found at the center of the lesion. Toward the 

periphery there are found varying degrees of connective-tissue 

and ot glial proliferation which may be assumed, we believe, 

to be due to the relative degree of impairment of blood supply 

in the peripheral zones. The histological picture following 



Fig. 33. 

Fig. 82 from Schwartzts monograph, 
reproduced by Hiller as a lesion 
representing the late result of 
intracerebral hemorrhage. Schwartz 
was unoertain as to its etiology. 



49a. Fig. 33 . 

Ab} -:6 . Po tapoplekti che y~te. me ie CID\ARTZ abbildet (Abb. 2. .129 einer ~Ionographie), 
dert 1 Gene e nach An. icht de Autor unklar it. - Xach den An fiihrungen iro Tex i roit icher ­
heit anzunehmen, daB e ich hier uro da Re iduum einer ~Ia enblu ung (Putamenclau trum. -

.\ non h' "X.ie) hande It. 



* 

50. 

the injection of blood is in essential agreement with that of 

Cajal, referred to above, on the changes about large areas of 

hemorrhagt. caused by cerebral laceration. 

These findings may be translated directly to the 

field of human pathology and thus we are in accord with Biller 

in attributing lesions such as he depicts in his figure 86 

to intracerebral hemorrhage (Fig.33). 

It is relevant to recall at this point the absence 

of red infarction, as described in the pre·ceding chapter, 

in the brains of monkeys in which the middle cerebral artery 

was occluded. The absence of red infarction can be directly 

correlated with the minimum amount of scar tissue found about 

the large cysts following vascular occlusion - for as has been 

demonstrated in this chapter, extravasated blood serves as a 

potent stimulus to cicatrix formation,l) because of its local 

mechanical effect on both tissue and bloodsu:pply, 2) probably 

because of a fermentative action, and 3) probably because of 

associated functional vascular disturbances. 

One must not, moreover, loose sight of another 

vascular factor active in scarring, the evidence for which -

as presented in the preceding chapter - is indirect, and 

yet fairly conclusive. This factor is the tendency for inade-

quate oxygenation resulting from reduced blood flow - of ten-

times severe enough to lead to extensive loss of neurones -

to cause in the interstitial and vascular tissues a chronic 

hy:pertrophy resulting in gliosis and fi brosis'. * 

Footnote: Dr. Stanley Cobb in a personal communication has sug-
gested that the study of the brains of animals kept in a chamber 
for a :prolonged period of time under red~ced oxygen content, 
would be of considerable interest and might give more direct 
evidence on the :point in question than is as yet available. 
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SUIDJT..AR Y: 

Some of the earlier views on the mechanisms in­

volved in the production of intracerebral hemorrhage are 

briefly cited. Reference has then been made to the work 

ot Chase on intracerebral hemorrhage occurring in hyper­

tension. His interpretation of hemorrhage as being due to 

circulatory insufficiency is accepted as a working basis. 

The work of Carmichael and of Hiller on the 

early histological changes following the experimental in­

jection of blood into the hemisphere is then reviewed and 

findings of our own on the late histological changes are 

cited. These latter findings have been found to be in 

essential agreement with those of Cajal on the changes oc­

curring about large hemorrhagic areas resulting from 

cerebral laceration. 

Finally these changes are related to the mechanical 

and functional vascular disturbances that we believe occur 

in association with hemorrhage. 



52. 

v. CEREBRAL CONCUSSION AND CONTUSION. 

A sharp differentiation between the terms concussion 

and contusion which holds for both clinical and ~athological 

findings is difficult to discover in the literature. Very early 

writers (Galen, Hippocrates, and later Pare) used the ter.m con­

cussion to apply to all forms of commotio cerebri. Later there 

developed a tendency for concussion to be considered as as­

sociated with scattered petechial hemorrhages. Miller (1927) 

in an excellent review of the historical development of the sub­

ject, treats the literature quite adequately. He concluded 

that, "Concussion a:;-pears to be due to direct mechanical action 

on the cells which causes a temporary disturbance ofeell 

equilibrium and temporary loss of function". Miller regards 

this phenomenon as a reversible one, and he goes on to say that, 

"the term concussion should be used to denote the generalized, 

paralytio effects of an impact on the cortex and the medulla, 

and should be distinguished from the ter.m contusion, whether 

a gross or microscopic contusion is meant, and also from the 

term hemorrhage, whether reference is made to diffuse or 

petechial hemorrhage". He denies to cerebral anemia a role 

in the causation of concussion. He points out that when 

cerebral anemia is produced experimentally there occur an 

initial rise in blood pressure and a temporary increase of 

respiratory activity. On the other hand, his traCings, from 

his own experimental work, show that with severe sudden trauma 

to the head there occur instantaneous interruption of 

respiration and a prompt drop in blood pressure due to vagal 

arrest of the heart. These changes are so prompt that 
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cerebral anemia - which requires from seven to fifteen seconds 

for its full develo~ment - cannot be held responsible. 

Miller's definition of concussion is in essential 

agreement with the well known clinical definition advanJed 

by Trotter {l924}, "I may say at once that I use the term con­

cussion, as I think it should only be used in the strict clini­

cal sense, to indicate an essentially traumatic state due to 

head injury which is of instantaneous onset, manifests wide­

spread symptoms of a purely paralytic kind, does not as such 

comprise any evidence of structural cerebral injury and is 

always followed by amnesia for the actual moment of the acci­

dent". 

Experimental demonstration of the electrical activity 

which must be associated with such a profound physiological 

disturbance is as yet lacking, but it seems wholly reasonable 

to believe that as a result of the injury there must occur 

a diffuse discharge of electrical potentials, whose utter 

confUsion might well be regarded as the cause of the dis­

ruption of the no~ma1 physiological state until a better ex­

planation is advanced. 

What then of contusion? Most authors agree that it 

represents a state of injury, either microscopic or macro­

scopic, in which organic alterations in the brain can be 

objectively demonstrated. For the purpose of the discussion 

presented in this chapter obvious cerebral lacerations and 

frank hemorrhagic lesions will be set aside to be considered 

in a later section, and we may conoern ourselves with oellular 

changes, both neuronal and parenchyma! and with circulatory 

disturbances. 
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At this :point may be introduced a classical des­

cription of a case of head injury followed from the outset 

by a trained observer. The description is quoted by Miller 

from Archibaldts article in American Practice of Surgery. 

nGussenbauer and a friend, while on a tour through 

the Alps, suffered a fall down the Eiger. The friend was 

rendered unconscious. Gussenbauer fortunately came to no 

harm. On rising, he found his friend completely unconscious; 

the :pupils were wide; the corneal and other reflexes were 

abolished; all the muscles were flaccid; the face was deathly 

pale; and a chance wound was not bleeding. He was not 

breathing and looked quite lifeless. Evidently, there were 

both cardiac and res~iratory standstill. After a short while 

there re turned spontaneously signs of life; first the pul.se, 

very weak and slow; then the respiration, shallow and slow; 

then bleeding from the wound. Later, the reflexes appeared; 

the man gradually began to hear; half opened his eyes; and 

returned to a condition of semi-consciousness. ~week later, 

all concussion symptoms had disappeared, save that he had 

lost all memory of the events immediately preceding the 

accident". 

From the evidence given in this description one would 

Of course make a diagnosis of cerebral concussion. One 

wonders, however, whether had Gussenbauer made examinations of 

the reflexes at frequent intervals he might not have found 

evidence of cerebral contusion. In fact must not the twenty­

four hour slee~ be regarded as evidence of con~~sion? The 

point is worth laboring for the evidence of a profound 

circulatory disturbance in this case is so definite. 
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If then one recalls the evidence presented in the 

chapter on cerebral circulation concerning the nature of the 

histological changes which follow varying degrees of reduction 

in rate of blood flow: neuronal and interstitial cell changes, 

and, if stasis supervenes, perivascular hemorrhages, one can 

realize the im~ortance of such general circulatory changes as 

described by Gussenbauer. Moreover, there is abundant ex­

perimental evidence that local vascular disturbance may occur 

as the result of trauma directly ap~lied to the meningeal ves­

sels (Florey 1925) and it is not inconceivable that in clinical 

cases of head injury local cerebral areas might therefore suffer 

in varying degree. Such considerations need no.Jl ; negate 

possible direct cellular commotion which may well be associated 

with sudden dislocation of the brain in its case, but they 

serve to emphasize the ~ossible importance of circulatory changes, 

both general and local, and suggest that experimental observa­

tions on the cerebral circulation following head injury would 

be of great acad~ic and practical significance, possibly 

offering new therapeutic leads in the treatment of cases of 

head injury. Such Circulatory changes might well be localized 

to the site of the injury or to the site of the contre~-

coup effect, or might be more diffuse. That complete cessation 

of flow, and consequent thrombosis, is not essential to tissue 

destruction has been demonstrated in the cha~ter on arterial 

occlusion. With sufficient slowing of the circulation there 

would result local or diffuse rerivascular hemorrhage, depending 

on the portion of the vascular tree affected, which in turn 

would result in local or in general cerebral atrophy. 
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Such functional circulatory disturbances may well 

be an alternative ex~lanation of perivascular hemorrhage to 

the mechanical one advanced by Cassasa (1924) and supported by 

Martland and Beling (1929). Cassasa studied five eases of 

head injury in which there was at the time of injury momentary 

unconsciousness. After a lucid interval of from three to 

twenty-four hours these patients became irritable, developed 

hyperactive reflexes, became comatose and died. On micro­

sco:pic examination of the brain of these cases the only lesions 

found were perivascular hemorrhages in the brain substance, and 

occasional minor hemorrhages in the pia. The theoretical 

explanation advanced by Cassasa for these findings was the 

following: "Sudden overfilling of the ;erivascular lymph 

space with cerebrosrinal fluid conceivably could produce 

laceration of a vessel by tearing of its wall in the neighbor­

hood of such a fibrillar attachment (He refers to the fibrillary 

bands crossing the Virchow-Robin space and attaching to the 

sheath of the vessel). Otherwise, without such an attachment, 

the laceration of a vessel surrounded by fluid could not be 

produced by any pressure exerted through that fluid which 

would only tend to compress the vessel but not lacerate it. 

Such an increase of cerebrospinal fluid in one peri vas(~ular 

space would be caused by the cerebrospinal fluid fram the 

surface of the brain being drawn into it by pressure exerted 

by the change of sha}!e in the skull - the result of a blow 

or fall. This change of shape under an area of violence is in 

the direction of flattening and diminution of space for the 

cerebrospinal fluid in that area. This fluid must find its 

way out of that area through the various sulci of the brain 

and in connection therewith; such fluid as cannot find its 
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way through these channels, must find a way into the peri­

vascular lym~h s~aces in the reverse direction of the normal 

flow in these channels". 

Martland and Beling conclude, "The mechanical theory 

of concussion advanced by Cassasa a~]ears to be the best ex­

~lanation of the causation of these hemorrhages" , but they 

specifically draw attention to the occurrence of a similar a~­

~earing lesion in fat embolism. Hence, because of the demon­

strated relationshi~ of venous stasis to ~erivascular hemorrhages 

in this t~e of lesion (Chase, 1934) one must consider the 

~ossibility that vasomotor disturbances, the result of trauma, 

may be effective in producing the ~erivascular hemorrhages in 

cases of head injury. It is now well known that vessels react 

to mechanical stimulation and it seems eminently reasonable 

that a hydraulic trauma as described by Cassasa as res~onsible 

for vessel ru~ture might, in lesser degree, not cause actual 

rupture of a specific vessel but would serve as a traumatic 

stimulus adequate to upset normal vasomotor control. As a 

result of this upset there might occur the perivascular 

hemorrhage typically seen in severe head injuries. One would 

then place actual vessel ru~ture in the grQup of cerebral lacera­

tions. 

Viewed in this way concussion would be defi.ned as 

the physiological state of shock (which might be due in part, 

but not an essential part, to a mechanical disru~tion of 

nerve cells), contusion as the stage of vasomotor paresis 

associated with perivascular hemorrbages; and laceration, as 

the name implies, associated with arterial tearing and rupture 

of continuity of cerebral structures. This last condition, 
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laoeration, will be discussed in the next cha~ter. 

Some additional su~~ort for the conce~tion of vaso-

motor disturbance as :playing a role in head injuries is the 

case described by Osnato and Giliberti (1927). A young man 

in the early thirties was injured in a motorcycle accident. 

Thrown to the ~avement, he was immediately rendered un­

conscious. He soon regained consciousness but later in the 

day a diagnosis of middle meningeal hemorrhage was made and 

trepanation was done; the meninges were not o1>ened. Res~ira­

tory and cardiac disturbance develo~ed on the operating 

table, the o~eration was suspended and the patient died 

within thirty-six hours of the accident. Examination of 

the sectioned brain showed small ~etechial hemorrhages scat­

tered throughout the centrum ovale, corpus callosum and 

pons. A striking finding was the presence of fibrin thrombi 

in the vessels of the meninges, choroid plexuses, and corti­

cal vessels. Doctor L. H. Cornwall, who made the patho­

logical examination in this case commented, "Agonal thrombi, 

however, do not com:pletely fill the lumina of tha vessels in 

which they are situated. In this case the thrombi completely 

filled many of the vessels and were intimately attached to 

the intima~. He notes further that many fat emboli were 

encountered in the small capillaries of the brain. For 

this reason the obvious slowing of circuiation must not be 

~oo readily attributed to the head injury itself, for it is 

conceivable that the stasis, and thrombus formation, was 

dependent on the fat emboli. 
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A more convincing case of this ty~e, uncomplicated 

by the ~resence of fat emboli, is the following: 

B.C.L. M.N.I. Case 1655: 
. 

A man, 35 years of age, was thrown from his auto-

mobile and landed on his right shoulder and the right side 

of his face. On admission to the hospital he was unconscious 

and was sUffering from multi~le body injuries including frac-

tured clavicles, mandible, and ribs, and rupture of the cardiac 

end of the stomach. Neurological examinati:n showed s:pasticity 

of the legs wi th exaggerated dee:p reflexes, absent su};:'erficial 

reflexes, and ankle clonus. There were twelve hundred red blood 

cells in the spinal fluid. The ~atient failed to regain conscious-

ness and died the third day after the accident. 

Relevant to the present discussion is the description 

by Dr. W. L. Reid of a section through the left frontal ~ole. 

He says, "The main feature in this section is the hemorrhage 

which extends into the grey matter. There is a fairly clear­

cut cavity in which the hemorrhage is contained. This cavity 

ap:pear,s to be, partly at least, a small sulcus. In the brain 

tissue immediately surrounding the larger hemorrhage there 

are numerous petechial hemorrhages with discoloration of the 

brain tissue. Most of the petechial hemorrhages are visibly 

associated with small blood vessels and in many instances red 

cells are clustered around vessel walls. There are, however, 

numerous red blood cells scattered throughout the tissue. An 

occasional small thrombosed vessel can be seen. The brain 

tissue away from the hemorrhage a~~ears fairly healthy but im-
. 

mediately adjoining the area of hemorrhage it has lost largely 

its normal architecture and those cells :present appear de-

generate, diminished in size and misshapen •••• ". No histological 
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evidence suggestive of fat or air embolism was found in either 

the general or neurological examinations made after death. 

Inasmuoh as the patient's systo1ic blood pressure, 

taken every fifteen minutes during his hospital stay, ranged 

between one hundred and thirty and one hundred and fOlty, and 

inasmueh as the spinal fluid pressure, determine d by :puncture 

made thirty-four hours after the injury, was one hundred and 

thirty, it see~ reasonable to conclude that the thromboses 

described by Dr. Reid were due to slowing of the blood stream 

locally. Since there is no definite evidence of increased 

intracranial :pressure (lumbar :puncture readings may, 0 f course, 

give false information), the slowing of circulation may have 

resulted from local dilatation of the vascular bed, produced 

by vaso:paresis of traumatic origi.n. 

So far as we are aware, Martland and Beling (1929) were 

the first to point out, in a series of cases, the similarity of 

the perivascular hemorrhages in head injury to those in fat 

emboli, whether fat embolus was or was not associated with the 

:particular case under study. From these observations it is but 

a ste~ to the related observations of Chase on air embolism 

(1934) and the etiology of hypertensive intracerebral hemorrhage 

(1937) - views based on the original work of Ricker (1927) who, 

as already pOinted out, postUlated a neurovascular tonus, 

disturbances or which by various traumatic agents, result in 

perivascular hemorrhage. 

Bodechtel (1936) offers further sup~ort in ravor of 

the occurrence of vascular pareses in cases of head trauma. 

He reviewed seven cases of brain injury and laid special 
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emphasis on those in which death occurred in t~9 characteristic 

form ot ns~Atapoplexie". These showed no gross focal lesions, 

no organic bleeding, but there were found diffuse cell changes 

well removed from the site of the trauma. Characteristic early 

histological changes were the development of "brushwork" glia, 

I' particularly in the cerebellum, changes which Ricker, Neuburger 

and others consider to be associated VIi th vasomotor disturbances. 

The scattered zones of damage in such cases argue against 

any "toxio" effect, and likewise against a special areal sus-

ce~tibility of cells to noxious agents. 

Jacob, in his beautifully illustrated monograph (1913) 

reviewed the previous description of ganglion cell changes in 

"concus si on tt, including experimental work. Following detail ed 

protocols of his own researches with minute descri~tion of his 
. 

pathological material he concluded that the ganglion cell 

changes which he described were the result of direct trauma. He 

was well aware of the views of some earlier investigators 

(Friedmann , Windscheid)postulating the occurrence of vasomotor 

phenomena in head injuries and attributing the late changes 

in part at least to vascular di sturbances. These views he 

was unable to accept. One cannot help but wonder whether in the 

light of the work of the past twenty-five years he might not, 

in reviewing the evidence, attribute more ~portance to vascu­

lar disturbances. 

One must next ask whether or not the histological 

pictures seen in cases of cerebral contusion are consistent with 

the mechanism proposed above. Differenttation between cerebral 

destruotion due to direct local trauma and that due to dis­

turbances in circulation is difficult to make. But let us first 
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ask, ~t is the mechanism involved in destruction due to 

direct or contrecoup trauma?" Does agitation of the cell lead 

to its breakdown and the extrusion of some fermentative sub-

stanoe that stimulates the characteristic secondary changes? 

Admittedly, frank: rupture of blood vessE;ls may sometimes 0 ·,:cur, 

but in these oases is it merely the added elemen~ of the out­

poured blood that leads to greater destruction and subsequent 

soarring? 

It seems to us that it is more reasonable to admit 

that such direct changes do occur, and that they may be of 

decided import, but it also seems to us im~ortant to em~hasize 

the role played by the circulation, a role whose importance at 

once becomes obvious when one grants the possibility of areas 

of the vascular tree reacting locally to injury. Here one has 

a ready mechanism, for obviously vessels surrounded by peri­

vascular hemorrhage are not normal vessels and where peri­

vascular hemorrhage is present it serves as an index of ab­

normal circulation. In other words, perivascular hemorrhage 

probably occurs only under two conditio~ 1) vessel rupture, 

2) as a concomitant of a circulation so slow as to per.mit 

dia~edesis of red blood cells. In the case of arterial vessel 

ru~ture it seems likely that the circulation in that ~ortion 

or the vessel would be abnormal and probably would be slowed 

by direct mechanical action if for no other reason. Hence 

one has some reason for looking on the contused area as being 

~ossessed of an abnormally slow circulation, without doubt 
ot 

often due to a general lowering~blood pressure, but at other 

times, as we have attempted to show above, due to local vascular 
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:paresis. The slow circulation must be a very important con­

tributory, if not a ~rimary, cause of the subsequent changes 

which are observed in cerebral contusion. 

Are the late histological changes found in cerebral 

contusion consistent with such a mechanism? Let us consider 

a clinical case: 

K.W., M.N.I. Case 2479, age 27: 

Eight years before her last admission to the Hospital 

she suffered a severe head injury. 

Since the time of her injury she had had headache and 

dizzy spells, and six years ago she began to have seizures. 

The significant objective findings on admission were: Diminu­

tion of vision, more marked on the left; slight emotional weak­

ness of the left side of the face; increase in left bice~s and 

triceps jerks; absent abdominal reflexes; and drooping of the 

right eyelid. 

At o~eration a block of scarred cerebral tissue 3x2 

centimeters in size was removed from the left occipital region. 

It varied from .5 to 1.0 eentimeters in thickness. 

Microsco:pic study of the excised block showed a 

very much thickened arachnoid, heavily laden with collagen. 

The vessels in the arachnoid were thickened and here and there 

occasional occluded vessels were to be found - in one instance 

showing recanalization. Underlying one of the areas at 

greatest arachnoidal thickening was a zone of corti cal de­

generation. In the canter of the zone which involved only 

cortical layers, was loss at tissue. There was found p3ne­

tration of loosely arranged chronic hypertrophic astrocytes, 

and immediately subadjacent to the :pia was a zone of heavy 

gliosis. 
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There was an extensive proliferation of connective 

tissue within the degenerative area, and in the :proliferation 

was a striking presence of very thick-walled capillaries, 

forming a vascular network of unusual type. There was no 

real intermingling of blood vessels and astrocytes as is so 

often seen in cicatrix. 

Thionin sections showed extensive loss of neurones, 

and in other areas swollen cells with eccentric nuclei and 

yellow cyto:plasm. In a neighboring area were found many 

chronically shrunken cells in all layers - small cell bodies, 

pyknotic nuclei, dark-staining cyto:plasm, and shrivelled 

processes. 

These changes are not unlike those observed in ex-
- -

periments in which the pia arachnoid was strip:ped from over 

the gyri of the brains of cats. The changes were followed u:p 

to eighty days. The effect of the pia-arachnoidal stripping 

was Wholly vascular and was unaccom:panied by severe diffuse 

injury, yet the resultant histological picture was not greatly 

unlike that described in the clinical case noted above. 

Hence, though the evidence is not yet conclusive, 

there is considerable su:p:port for the conce:ption that the most 

important element in cerebral contusion is impairment of the 

cerebral circulation. 

Interesting in this connection is a consideration 

* of the following case: 

* Footnote: Tbls case has bee~ previously re:ported. Vide: 
Slig1lt ,.D.S. and Cone, W. V. (1937). 



Fig. 34. 

The artistts drawing of the cysts 
as exposed at operation, and ot 
excision sites. 
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w.s. R.V.H. Case 72465, age 21: 

Seven and one-half years before admission to the 

hospital, this young man, while descending a set of basement 

stairs, struck his head lightly on an overhead beam. He was 

rendered unconscious for a brief period. Four weeks after 

the injury he noticed twitching of the left side of the mouth 

and a year after the injury he began to have attacks of 

uncons c iousness. 

A right osteo~lastic craniotomy was performed by 

Doctor William Cone and two cicatrices were found, one four 

centimeters anterior to the motor area for the face, the other 

just posterior to the postcentral convolution. The artist's 

drawing shows the general appearance or these cysts (Fig. 34). 

Dr. Cone's operative note reads, " •••.• The dura was adherent 

to the arachnoid over the two scarred areas. Many fine ves­

sels, small arteries and veins ran from the brain to the dura 

so that the dura was separated with difficulty. When the 

dura was :pulled back, the brain did not sink in. These two 

scarred areas were cystic and had a yellowish cast before the 

arachnoid was opened. The cysts were ap:parently covered by 

arachnOid, :pia, and a thin layer of brain. When they were un­

roofed, the cyst lining was found smooth and glistening and the 

underlying nervous tissue was very firm. The cyst in the 

right lower frontal region measured' about one centimeter in 

depth and in diameter, that in the parietal region was irregular 

in outline and measured, with the scarred brain, about three 

and one-half centimeters in length and two and one-half can ti­

meters in de:pth. A very large vein crossed the parietal 

scar just back of the ~ostcentral convolution ••••..• ~ 
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Microscopic study of the excised cysts showed their 

walls to be made up of a heavily gliosed cerebral tissue in 

which hypertrophied astrocytes inter.mingled with connective­

tissue elements to form a typical cerebral cicatrix. The walls 

of the blood vessels showed chronic thickening but no throm­

bosIs. 

The most likely mechanism to ex~ain the anatomical 

changes seems to us the following: That at the t~eof the 

injury local central contusion, with local vasoparesis, oc­

curred. Then followed dilatation of the vascular bed which 

resulted in multiple perivascular hemorrhages. These coalesced 

to for.m a hemorrhagic area. About this area were zones of 

perivascular hemorrhage of lessening severity. 

In the course of time absorption of the central core 

took place and a cyst was formed o Meantime, at the peri:phery 

of the lesion, because· of impaired oxygenation and because 

of blood extravasated from the vessels, glial and connective­

tissue proliferation had occurred which resulted in the formatic 

of the cicatricial lining of the cyst which has been uescribed 

above. 

Admittedly this interpretation of the sequence of 

events is not susceptible of direct proof, yet it fits well wit! 

the experimental facts cited in the preceding chapters. 

In summary, there has been made in this section, an 

effort to emphasize the differentja tion between concussion and 

contusion. We believe concussion to be a state of disorganized 

neuronal activity, precipitated by a massive, diffuse stimulus. 
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It, of itself. has no demonstrable anatomical sub­

stratum. Cerebral cont'usion, on the e,ther hand, is a recog­

nizable anatomical state, one which mayor may not give functional 

signs, depending on the location and the severity of the lesion. 

The anatomical substratum is perivascular hemorrhage and the 

cause of perivascular hemorrhage is slowing of the blood stream. 

Slowing of the blood stream may be due to a general systemic 

lowering of the blOOd pressure of such a degree that the cerebral 

vascular mechanisms are unable to compensate for it. However, 

evidence has been ~resented to show that slowing of the blood 

stream may also occur locally, or in scattered zones, because 

of local vasodilatation resulting from injury to the local 

vascular bed. A vaso~aresis is thus established which results 

in local vasodilation and in diapedesis. 

Cerebral concussion and contusion usually accom~any 

one another. In fact cerebral concussion may, by disorganizing 

the vasomotor and cardiac centers and thus disturbing the 

general Circulation, be a direct cause of slowed cerebral 

circulation sufficient to cause perivascular hemorrhages, the 

telltale sign of contusion. 

It must be conceded that perivascular hemorrhage may 

also occur as the result of laceration of cerebral vessels -

this condition then merges into cerebral laceration. Similarly, 

the coalescence of perivascular hemorrhages into a massive 

hemorrhagic area may occur, and might be regarded as cerebral 

laceration. For the sake of clarity of exposition we have 

made an arbitrary differ~ntiation between contusion and 

laceration and hence it should be borne in mind that though there 

occurs at this ~oint a chapter ending, the ~roblem under 

discussion in reality passes over insensibly into the next chapter. 
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VI. CEREBRAL LACERATION AND POST-TRAu]#~TIC CICATRIX 

Lesions in whioh there is actual rupture of cerebral 

tissue fall into two classes, those in which cerebral laoera­

tion occurs without involvement of the meninges, and those in 

which cerebrum and meninges are both involved. The latter group 

can, in turn, be subdivided into two groups depending on whether 

or not the dura is penetrated. In general, wounds which pene­

trate the dura tend to be more extensive because of the nature 

of the causative agent. But it must be emphasized here that 

cicatrices of great extent and characterized by tremendous pro­

liferation of connective tissue may occur in lesions origina-

ting wholly within the brain proper and not involving the dura 
~ 

in any respect. (Vide: clinical cases 2 and 3, Chapter Ill, 

* Footnote: This point is of great importance in considering 
the question of epilepsy subsequent to cerebral injury, a 
matter not immediately germane to the problem at hand. There 
has been a definite tendency to regard penetration of the dura 
as an unexplained factor responsible for the high incidence of 
post-traumatic epilepsy in these cases, and there has been a 
tendency to regard cases of so-called "post-traumatic epilepsy" 
as being especially suitable for operative treatment. This, 
on theoretical grounds, seems to us a misconception. It is 
obvious th~ the requisite factors for the occurrence of seizures 
are to be found in cases of "birth injury" (a term which in the 
past has often concealed instances of asphyxia) and likewise in 
cases of intracerebral hemorrhage, inasmuoh as these cases also are 
subject to e;ilepsy. But, it will be answered, the incidence 
of epilepsy is so much higher in penetrating wounds of the 
brain; for example, in war wounds. This is true, but so far as 
we are aware, the statistics on the occurrence of seizures in 
such cases have never been critically analyzed. Furthermore, 
we are not cognizant of any accurate figures on the relation-
ship of various types of cerebral insult in children to the 
occurrence of epilepsy which can be compared with, let us say, 
the war-wound statistics. Ford's (1927) analysis of birth 
injuries is too limited, and indeed the cerebral insults of 
infancy and childhood are too little understood for a statis-
tical study of value. 

There are complicating factors entering into the 
formation of the cicatrices of wartime. Men with cerebral 
injuries often lie in the fields for hours or days in varying 
states of shock. Enough has already been said of the influenoe 
of cerebral circulation on scar formation to suggest that 
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and the case of "birth injury" (case 5) reIX'rted by Fa '3rster 

and Penfield, 19Z0). 

Rand and Courville (1932 and 1936) have described 

the architectural disruption that occurs in clinical cases 

of cerebral laceration: iregular wound outlines, frequent 

extensive ~emorrhage because of the rupture of large vessels, 

sometimes scattered islands of isolated neurones - mor~ho-

logically sound but functionally useless undermining of 

adjacent nor.mal tissue by hemorrhage, zones of destruction in 

the most severely affected parts, surrounded by proliferated 

react ing astrocytes and finally by tissue approaching normal 

structure. They do not devote attention to the histological 

or physiological reactions in the vascular bed. 

The severe gunshot wounds of the World War provided 

Foerster and Penfield (1930) with material for a detailed 

Footnote continued from reoedi 
e 0 ng of cerebr c rou ation at endant on such states of 

shock must exert an important influence on the resultant cica­
trices. Furthermore, many of these cases must have been subject, 
if not to fulminating infection, at least to low-grade and often 
unrecognized pyogenic action, with its resultant intensification 
of scar formation. 

So far as operative treatment is concerned, the point 
we wish to emphasize is that all cases of epilepsy due to cere­
bral scarring are intimately related in their pathological nature. 
There i~ thus reason for looking on all as belonging to the 
grou~ of "post-traumatic e~ile~sy", and for considering ~ro~erly 
chosen cases of all groups as amenable to surgioal thera~. 
The figures of Penfield,on the therapeutic results of the ex­
cision of areas ot focal atro~hy and focal cerebral cicatrix 
com~are very well with his results in cases of meningocerebral 
cicatrix, and lend su~port to this contention. (Penfield 1936). 

A consideration of whether or not the invasion of a 
cerebral scar by vascular and nervous elements derived from the 
external carotid circulation, as occurs in ~enetrating wounds of 
the dura, need not detain us here since it is a s~ecial ~roblem 
related to the mechanism of the epile~tic seizure. 
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histological stud.y of well-aged meningocerebral cicatrices. 

Their conclusions are re~orted in English by Penfield (1930). 

Histological examination ot the human material showed abundant 

"fibrous tissue, and adhesion to the meninges. Thus connective 

tissue and an astonishingly rich ~lexus of vessels were in­

variably :pr,esent in the scars, intermingled wi th fibrous astra­

cytes whose fibers were in general arranged in ~arallel and 

extended •••••••• oupward toward the cicatrix. Dee:per down in 

the brain the astrocytes and blood vessels still continue to 

f'orm the only f'ramewc"::-k capable of withstanding tension, the 

vaso-astral framework p 

"In the areas of' gliosis nerve fibers are rare and 

the nerve cells still rarero Occasionally localized areas are 

found in which there are groups of phagocytes containing pig­

ment. Such patches are evidently in the vicinity of the blood 

vessels which have been shut off and they seem to indicate that 

the process of destruction is a long-continued one as they 

were present twelve and fourteen years after the initial wound. 

These areas recall the focal perivascular destruction,described 

by Spie~eyer in epilepsy of a different type". 

These findings are quite similar to those described 

by Cajal (1928) as the late result of cerebral laceration. 

Penfield, in seeking a mechanism to ex~lain the 

late onset of epilepsy in such cases, emphasized the rresence 

of abundant connective tissue which he :postulated could, as 

in scar tissue elsewhere, contract. As evidence "of' the :phy­

sical :pull which these scars exert is the fact that in one ot 

these cases r~orted here and in a number of others which we 

have observed, there was a definite pulling in of the scar which 
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was noticed as soon as the bone was removed and the edges of the 

adherent dura incised. The center of the scar thus drew itself 

together, mcking the attached dura inward as much as one and 

one-half centimeters as soon as it was'freed from the attadl­

ment to the overlying skull". He regarded the contractile ~ower 

of the scar tissue, n~robably associated with the atro~hy 

which takes ~lace in the brain about the cicatrix" as res~on­

sible for the "ventricular wandering" in cases of gunshot 

wound of the brain ~reviously described by Foerster (1925). 

Yet in the same article Penfield cast doubt on the im~ortaoce 

of atro~hy in the ~roduction of ventricular wandering for 

he said, ~~t the local atrophy is not the cause of the de­

flection of the ventricles toward the site of the lesion is 

shown by the fact that the wandering of the ventricles is not 

greater in those cases where the atro~hy is great. Likewise 

cases of cerebral thrombosis do not show this ventricular dis­

~lace.ment and many cases with little or no enlargement of the 

lateral ventricle may show marked ventricular dis~lacement. 

Instead of wandering of the ventricles the ~rocess is really 

brain-~ull or ventricle-~ull". 

He made the further statement, "During the years 

which follow the infliction of a brain wound there is evi­

dently a ~rogressive increase in the vascular elements -of the 

scar and a ~rogressive decrease in the nervous elements. 

Associated with these two changes is the steady cicatricial 

contraction which obviously takes place for an indefinite 

period". 
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Penfie1d's clinical views re~resent the logical out­

come of a ~rotracted study of ~erimental brain wounds carried 

out with a number of collaborators. Hortega and Penfie1d (1927) 

traced the result of stab wounds from the earliest stages when 

transitional forms of microglia a~~eared preparatory to be­

ginning their phagocytic activity, through the stages df 

. clasmatodendrosis and later astrocytic hypertro~hy, to the 

final formation of the brain scar - com~osed of a connective­

tissue core in the center and radia1ly arranged astrocytes 

about the periphery. Wllson (1926) described essentially simi­

lar lesions in munan cases following ventricular puncture. 

Later Penfield and Buckley (1928) studied stab wounds 

made with open cannulae and contrasted the two types of stab 

wounds (blunt and hollow needle) as follows: "About the 

closed tracks, the astrooytes send in their large eXJ.)ansions 

concentrically; about the open tracks, these e~ansions are 

tangential to the canal. Compound granular corplscles are 

more numerous about the closed than about the open tracks. 

Apparently, both needles cause the same amount of hemorrhage. 

There is, in general, greater formation of adhesions, greater 

distor·tion and greater destruction of the brain about the 

tracks made by a closed needle than about the tracks made by 

~ open needle of the same size". 

Penfield and Buckley go on to a conclusion which, 

in the light of later evidence, is, in our opinio~untenable. 

"As a general principle, it follows that if destroyed tissue 

is left in a wound in the brain, a cicatrix results containing 

connective tissue which contracts and causes distortion of the 

brain; a greater resultant gliosis also occurs". 



Figo 35. 

The brain of a monkey three months 
after the infliction of a severe 
wound in the left parietal regiono 
Note the extensive loss of trauma~ 
tized brain substance, and the shift 
of the midline toward the wound site. 
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It now seems clear that devitalized cerebral tissue 

of itself is not a cause of cerebral cicatrization. That this 

is so is clearly shown by the facts reported in the section on 

the experimental prOduction of sucden arterial occlusion. Ex­

tensive necrosis occurs in these animals in the central por­

tion of the area supplied by the middle cerebral artery. 

Nevertheless, the ultimate picture of repair presented by these 

brains, from the standpoint of minimal resultant scar, is 

one that the surgeon would wish to duplicate. 

Secondly, extensive areas of cerebral trauma are often 

absorbed almo st completely J leaving only a minimum of scar 

tissue, and if the initial lesion be relatively small almost the 

only trace of it in gross may be the adhesions between dura and 

cerebral surface. This has been a frequently repeated experi­

mental observation. Illustrative of the general principle that 

extensive absorption of an area of cerebral trauma can occur 

is the following: A monkey, P-1502, was operated upon on 

February 26th, 1937 by a fellow worker in the laboratory, Dr. 

K. v. Santha. A bony decompression was made and fully the 

mesial half of the pre- and postcentral gyri were vigorously 

and deliberately traumatized with a blunt instrument to a 

depth sufficient to involve the white matter; a large dural 

flap was turned into the wound, and the traumatized brain 

was left to unite with the overlying loose areolar tissue 

of the sca1:p. Figure 35 shows the brain of this animal three 

months later. Had this zone of lacerated tissue been re­

moved immediately by the surgeon and had the adhesion between 

seal:p and brain been prevented by replacing the bone or by 

inserting a ce1lo~hane transplant, would the resultant scar 
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have been less? An atte~t to answer this question will be 

made in the next chapter. 

A third point is brought out by this same experi­

ment. Penfield, as quoted above, expresses the conviction that 

the ventricular wandering seen in cases of post-traumatic 

epilepsy is due to pull exerted by contractile elements in the 

scar, ~That the local atrophy is not the cause of the deflection 

of the ventricles toward the side of the lesion is shown by the 

fact that the wandering of the ventricles is not greater in 

those cases where the atro:phy is great". However, it is con­

ceivable' some other factor, such as the rigidity of the falx, 

:prevents greater ventricular displacement than is seen in 

cases of both atrophy and of scar. In any event, in this 

particular animal gross scarring is relatively slight but 

the ventricles show distinct displacement. We believe that the 

displacement is not here due primarily to pull in the injured 

area but rather is due to a shift of the entire brain to,mrd 

the site of the injury at which site has occurred considerable 

cerebral atro1?h~. This pOint was first called to our ,attention 

and strongly emphasized by the shift of the entire brain, seen 

following occlusion of the middle cerebral artery, to en­

compass, as it were, the degenerative area. 

Even more convincing proof of the importance of 

atro~hy in the occurrence of ventricular dilatation and 

ventricular shift is provided by the following evidence: 

cat, P-1547, was operated u:pon on March 17th, 1937 by Dr. 

K. v. Santha. A craniotomy was done and a very extensive 

wound was made in the left :parIetal region, but no cer.ebral 

tissue was ramoved. The animal was sacrificed three weeks 



Fig. 36. 

The brain of a oat three weeks after 
extensive wounding of the left parietal 
reg'ion.· Note ventrioular wandering and 
ventrioular shift toward the area of 
loss of substanoe, before the oicatrix 
has organized suffioiently to exert much 
pull. 
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later. The photographs {Fig.36) demon3trate clearly ventricu­

lar dilatation and shift toward the wounded area. Histological 

examination showed very extensive degeneration. Islands of 

cerebral tissue were surro1unded by new blood vessels and 

there were extensive areas of hemorrhage, one of which was 

~artially walled off by collagen on one side and was being 

actively phagocytosed on the other. Degeneration extended 

down to the ventricle. Sufficient scar tissue organization 

at this three-week stage was not found to account for either 

the ventricular dilatation or the ventricular shift, and it 

seems quite evident tb!!. t in this instance cerebral atrophy 

must be held wholly responsible. This conclusion does not, 

of' course, deny the contributory' effect that scar tis~sue 

contraction may provide in long-standing, well organized 

cicatrices. 

It is well to emphasize that atrophy alone may cause 

a shift of the ventricular system when little or no scar tis­

sue is present. This is certainly true in monkeys (see 

Chapter III.) and is probably also true in children. Whether 

it be true in adults has been questioned. In this connection 

the following case is of interest: 

R.B.-M.N.I. 2686: 

This man, forty years of age, was admitted to the 

hOSI>ital with the story that he had been well until the 

age of twenty, when he suddenly had a "stroke" while at work 

~ich left him temporarily ~aralyzed in the right arm, leg, 

and faae. He recovered almost com~letely in the course of 

ten days. At the age of twenty-three he had a similar e~isode 



Fig. 37. 

Encephalogram, antero-posterior view. 
Case R.B. ShOW9 ventricular shift in 
art,arial occlusion occurring in an 
adult. 
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but the paralysis cleared in the course of an hour. A third 

mild attack at the age of thirty interfered with speech and 

with face movements for a half-hour period. At the age of 

thirty-five he suffered his most severe attack which left 

him aphasic for three weeks and left him with a residual palsy 

of the right arm, leg, and face, and a definite speech defect. 

Four days following the last Bt~ke he suffered his 

first convulsive seizure - consisting of sudden, severe headache, 

the onset of spasticity in the right side, and unconsciousness. 

Other attacks of the same nature have recurred once or twice a 

month since then. 

Laboratory tests were negative. It is interesting 

that at the age of thirty-three he developed a primary luetic 

chancre, which fact probably rules out syphilis as playing 

any part at the onset of the disease at the age of twenty. 

Encephalography was done (Fig.37). The left lateral 

ventricle was found dilated in portions one, two, three and 

four. The septum pellucidum was drawn to the left of the mid­

line, and the subarachnoid space was dilated over the left 

hemisphere. Arteriograms were made by Dr. A. R. Elvidge 

which showed normal filling of the cerebral vessels of the 

right side. On the left, however, the internal carotid 

artery apparently terminated at the entrance of the vessel 

into the skull. The occlusion appeared complete. 

In this case, then, one has convincing proof of 

occlusion of the left internal carotid artery before its 

entry into the skull, though the etiology of the condition 

remains obscure. There is, fUrthermore, evidence of extensive 
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atro~hy of the left hemisphere. The subaraohnoid ~aoe was 

dilated on this side, rather than being obliterated, suggesting 

strongly that there were no dural-arachnoidal adhesions, which 

are :probably the invariable resul t of :temorrhagic extravasation 

into the meninges. Hence it seems likely - though without 

o~eration the :point cannot be settled beyond doubt - that in 

this adult atro:phy is res:ponsible for shift of the ventricular 

system, as well as for i:psolateral ventricular <llatation. 

A final word should be said concerning the state­

ment (Penfield, 1930 ) that there is, over a :perio'i 0 f years 

following the infliction of a wound, a :progressive increase 

in the vascular elements of the scar. We have no evidence 

on this :point from scars of anything like the duration of those 

studied by Penfield. However, our impression is rather to 

the contrary, for YTe have found in our ex:perimental material 

that over :periods of time u:p to a year, there seems to be a 

decrease in vascular elements, certainly of the ca:pillaries. 

We were first awakened to this :possibility by observations of 

Alexander (1937) who described the falling-out of small vessels 

in areas of cerebral soarring. Moreover, scars elsewhere -

in the skin for exam:ple - tend to contract and blanch over 

a :period of years. It is :perha:ps of significance that the material 

studied by Penfield was drawn from e:pile~tics, suffering from 

recurring seizures. It may well be that fresh degeneration 

and fresh scar-tissue formation were going on in these cases 

as a reflection of vasomotor disturbances accom~anying the 

epile:ptic seizures. Such an inter:pretation is, in fact, 

exactly that suggested by Penfield in 3. later :pa:per (1934). 
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In summary, there has been described in this 

cha:pter, very briefly, the early disrJl-::t:on of tissue \Orllich 

occurs in extensive cerebral laceration. There have then 

been described in more detail the late changes ~ound in 

cerebral oiea trix, clinieal and ex:perimental. These des-

cri:ptions have been cone erned chiefly ~:ii th the stat! c l1icture 

]?resented by the brain changes at any s-iven time - the~'-

have been detailed and have covered the histolo~icaJ.. as:pects 

of the :problem very com:pletely. 

In the second half of the cha~ter we have at­

tem.pted to :present the :problem from a dynamic pOint of. view, 

and to the reader who has followed the argument develo~ed in 

earlier chal1ters, it must be evident that interference in 

the adequate blood su:p:ply plays a role of the greatest im­

:portance in cerebral cicatrix, for because of oxygen lack 

can occur not only im:pairment and loss of neurones, but also, 

if the anoxemia is not so great as to cause an a,~·tua2, loss 

of glia and vascular elements, these structures hypertrophy 

and cause scar fOl~tion. Furthermore, sufficient slowing 

of circulation leads to dia:pedesis of blood elements and to 

resultant greater scarring. 

Two further points have been discussed. It has 

been suggested that cerebral atrophy plays an important 

role in ventricular wandering, and evidence has been :pre­

sented in support of this view. The importance of cicatri­

cial contraction in well org~ed scars of long standing 

has not, however, been denied. Finally, it has been ;roposed 

that the areas of degeneration observed in the brains of 

epileptics many years after the original injury, is not 
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a sign of :progressive de'generation due to continued contractile 

activity on the part of the scar, but rather that it may be 

inter~reted as an indication of re~eated vascular insults oc­

curring because of vasomotor changes associated with rectrrring 

• sel.zures o 
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VII. MEDICAL AND SURGICAL CONSIDERATIONS. 

Outline of Presentation: 

1. The Importance of Adequate Circulation. 

A. Effects of Anoxemia. -

B. -
c. 

(1) Destructive. 
(2) Proliferative. 

Effect of Diapedesis. 

Factors Producing Inadequate Circulation. 

(l) Arterial obstruction. 
(2) Interruption of arterial continuity by trauma. 
(3) Mechanical compression. 
(4) Local neurovascular disturbances. 
(5) Systemic lowering of the general blood pressure. 
(6) Venous obstruction. 

11. Means of Preserving or Improving Cerebral Circulation. 

A. "Medi ca 1 " • -

B. -

(1) Speeding of blood f~ow. 
(a) Reduction of mechanical com~ression. 
(b) Combatting of vascular paresis. 
(c) Improvement in systemic circulation. 
(d) Increase in availability of oxygen supply. 

i. increase in oxygen content of the blood. 
ii. increase in rate of oxygen dissociation. 

iii. opening of collateral pathways. 

ItSurgical" . 

(ll 
(2 
(3 ) 
( 4) 

SUbtem;poral derompression. 
Evacuation of clot. 
Debridemen t. 
Sympathectomy. 

Ill. The ~uestion of Radical Debridement of Cerebral Wounds. 

IV. The Clinical Importance of Cerebral Cicatrix. 

A.. -
B. -

The Question of Progressive Destruction at Cerebral 
Ti ssue. 
-Post-traumatic e~ilepsyn. 



81. 

Outline of Presentation (continued) 

v. The Technique of Cerebral Scar Excision. 

J... Bone Flap. -
B. Meningeal Adhesions. -
c. Excision of Soar. -

(ll Shar~ dissection. 
(2 Suture method. 
(3 ) Electro-surgical unit. 

D. Establishment of Ventricular Communication. -
E. -
F. -
G. -

~estlon of Drainage. 

Dural Closure. 

Re~lacement of Bone F1a~. 

(1) Bone decompression. 

VI. SUmmary. 
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VII. MEDICAL AND SURGICAL CONSIDERATIONS. 

In the ~receding cha~ters the argument has been de­

velo~ed that cerebral cicatrix in its manifold forms (exclusive 

ot developmental, degenerative and infectious conditions) de­

~ends essentially upon disturbances in blood flow. The scarring 

is the result of either anoxemia or diapedesis, or may depend 

upon a combination ot the two. Anoxemia ot severe degree leads 

to a necrosis of the affected area and to its dissolution and ah­

sor~tion. 1f t however, the circulatory disturbance is of a les­

ser degree so that the anoxemia is not so severe, or it the 

physiological state of the brain is such that collateral circu­

lation of an inadequate degree only is established, there occurs 

proliferation of glial and connective tissue, and extensive 

scarring may result. The exact degree of circulatory slowing 

necessary for such a reaction oannot be stated at this time. 

If the circulatory slowing is of such a degree that 

prestasis and stasis occur, and the resultant zone of damage is 

not so extensive as to lead to massive necrosis, the resultant 

diapedesis of red blood cells leads to extensive perivascular 

hemorrhage and severe- scarring may ultimately ensue. It the 

hemorrhagic area is very extensive central necrosis and lique­

faction ocour and there will be found about the :periphery of the 

lesion a cicatricial reaction. 

There are, then, two im~ortant results of reduction 

in blood flow so far as scarring is conoerned: the first an 

anoxemia which, if not so severe as to lead to oomplete des­

truction of gliale.nd connective-tissue elements, causes its 
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proliferation; the second, the occurrence when prestasis and 

stasis occur, ot perivascular hemorrhages which stimulate 

cicatricial formation. 

Slowing of circulation may occur due to any one of 

the following circumstances, or to a combination of them: a) 

arterial obstruction, b} interruption of arterial continuity 

by trauma, c) mechanical compression by hemorrhage, edema, etc., 

d) local vascular disturbances, e.g. dilatation of the peripheral 

bed in response to trauma, e) systemic lowering of the general 

blood pressure, e.g., in surgical shock or cardiae failure, 

and finally, t) as the result of venous obstruction. This 

last factor, as pointed out earlier, has not been touched on 

by us experimentally and will be left out of this discussion. 

As a general principle in considering the thera­

peutio problems involved, it should be stated at the outset 

that the physician's efforts should be directed toward the 

restoration of a normal circulation, or of a circulation as 

nearly normal as possible. 

Such efforts may be arbitrarily divided into two 

groups, medical and surgical. 

The medical aspects of this problem will be covered 

in detail in another communication by Dr. Donald McEachern. 

In general, they are concerned with the speeding of blood 

flow. itself, or of providing for the tissues a more readily 

available supply of oxygen. 

Much e~loration remains to be done in this thera­

peutio field. The reduction of mechanical eompression by the 

use of salt and glucose solution and perhaps by lyophile sera, 

must be considered. Facilitation of venous return by proper 
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~osture may also ~lay a role of ~~ortance, and the necessity 

Of ensuring as nearly a normal systemic circulation as ~ossible 

is obvious. 

The tone of vessels dilated by anoxe.mia or by vaso­

paretic agents, must be im~roved, either by im~roving the circu­

lation itself or conceivably by vasoconstrictor drugs acting 

on the ~aretic vessels without causing too much constriction 

of the normal vessels. 

Finally, means of increasing the availability of the 

oxygen supply must be considered: a) by heightening the oxygen 

content of the blood, b) by increasing the rate of oxygen 

dissociation, or c) by o~ening up more ra~idly and perhaps to 

a greater degree, the~ailable collateral channels. 

These are all hypothetical problems of great com­

~lexity, some of the phases of which have already been attacked 

and on which a later report will be made by Dr. McEachern. 

The handling of the period ~ediate1y subsequent to the ictus -

whether it be in the nature of occlusion, hemorrhage, or trauma -

is obviously of great im~ortance as far as scar formation is 

concerned. 

The same emphasis may be placed on the essential unity 

of this trinity of conditions in considering what surgical 

means are available for treatment. Subtem.Poral decompressbn 

may be considered as a method conceivably applicable to any 

one of the three conditions, the reason for its application 

being its ability to reduce, in varying degrees, intracranial 

pressure. Its use would de~end on s~ecial clinical circumstances. 



85. 

The logic of evacuation of a large intraoerebral clot, as has 

* been done by Penfield (1933) and others becomes quite evident, 

and for the same reason radical debridement of badly lacerated 

cerebral substance seems a wholly rational ~rocedure under 

certain circumstances. 

A question as to the value of sym~athectomy as a 

prophylactic measure may well be raised at this point. If one 

grants the reality of severe vasospasm in pathological con­

ditions, and regards it as of nervous origin, consideration of 

sympathectomy in well chosen oases of either embolism or 

hemorrhage becomes reasonable. The whole problem remains to 

be worked out, but a word of caution is ~erhaps in order. As 

White U9'35) has clearly shown, vessels whose post-ganglionic 

fibers have been sectioned become unduly sensitive to hormonal 

activity. Hence the site of election for section of the 

sympathetic fibers supplying the cerebral circulation would 

Probably be the trunk immediately below the inferior cervical 

ganglion - which operative site also ofters the opportunity of 

sectioning the vertebral chain as well, below the vertebral 

ganglion. The possibility of circulating toxins or hormones 

acting directly on the vessel walls in such cases must also 

be considered, so that nerve section may be pra-doomed to 

failUre no matter how excellent the surgical technique em­

ployed may be. 

Footnote: White (1937) reports that a census of the experience 
of the members or the Harvey Cushing Society revea~th&t thirty­
seven eases of intracerebral bemorrhage had been so treated by 
various members of the Society. 
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We may now proceed to more practical consideration_ 

and discuss in some detail the rationale of radical debride­

m~nt of cerebral tissue in cases of head injury. 

There are three obvious reasons for recommending such 

a procedure: 1) To reduce the amount of early cellular loss re­

sulting from relative anoxemia during the acute stage of brain 

swelling following the injury; 2) ·To reduce the extent of pro­

gressive oerebral degeneration associated with cerebral cicatrix, 

if such progressive cerebral degeneration does actually occur as 

a process separate from the epileptic seizures; and 3) To reduce 

the likelihood of the later occurrence of seizures preci~itated by 

the formation of scar tissue. A fourth consideration may also 

be proposed; that the debridement of the cerebral wound re-

duces the degree and extent of possible meningeal complications 

of head injury, in which group of complications ~robably belongs 

post-traumatic headache. 

It is obvious that the removal of badly damaged cerebral 

tissue, swollen and edematous J will tend to relieve the mechanica.l 

compression of the circulation which follows all head injuries 

in varying degrees. This point does no·t need laboring as such, 

though the evaluation of its importance in any individual case 

requires a high degree of clinical insight. 

We have discussed, in the preceding chapter, the 

question of ~rogressive cerebral degeneration. We do not deny 

the theoreti"cal possibility that oontracting bands of scar 

tissue may reduge blood supply and oause tissue necrosis in the 

normal, or nearly normal, cerebral tissue as well as. in the 

scar itself. However, as Penfield (1930) suggests in his 
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study ot war wound oases, "These areas of degeneration recall 

the perivascular destruction desoribed by Spielmeyer in epile~sy 

of a different type". Obviously he is referring to Spie~eyer~ 

deseri~tion of the changes in Ammon's horn whioh were regarded 

as resulting from vasos~asm. We should incline to the view that 

the progressive degeneration seen in cerebral scars is associa­

ted with vasomotor changes which accompany the epileptic sei­

zure. The eases in which Penfield described these changes were 

all epileptios, and in our own experience with one exception, 

we have observed such changes only in the brains of epile~tic 

patients. In the exoeption the evidence for degeneration was 

slight. This entire question should, however, probably be 

explored further. 

The third, and probably much the most important con­

sideration, deals with the likelihood of post-traumatic epilepsy 

resulting from the injury. Figures on the incidence of post­

traumatio epilepsy vary from the .5% in civil practice re­

ported by Muskens (1928) to the war figures of Steinhal and 

Nagel (see steinhal, 1929) who found the incidenoe of seizures 

to be 28.9% among six hundred and thirty-nine surviving cases 

of gunshot wound of the head. These latter figures are such 

as to suggest to us that in severe injuries to the head oc­

curring in civil practice, debridement is justifiable and 

probably advisable. Furthermore, considering Wagstaffe's(1928) 

report-of the development of epilepsy in 1.6% of gunshot wounds 

of the head in which the dura was not penetrated as opposed 

to 18.7~ in those cases in which the dura had been penetrated, 

it would seem particularly advisable to debride in wounds in 



Fig. 38. 

The brain of a monkey three months 
after severe wounding, left parietal 
region. Note absorption of damaged 
tissueo 
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Fig. 39 0 

The brain of a cat three weeks after 
infliction of extensive left parietal 
region wound. Note absorption of 
damaged tissueo 
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which the dura had been torn. This is particularly true 

in those instances in which there may have been an open 

wound, leading to the possibility of infection, and in those 

cases which have suffered severely from shock with the re­

sultant diminution in cerebral blood flow accompanying the 

lowering of systemic blood pressure; both of which factors 

would tend to increase the ultimate degree of scarring. 

The fourth consideration, concerned with the degree 

of meningeal scarring and the occurrence of the "post-traumatic 

headache syndrome", would also argue for careful debridement 

of the wound. 

All factors considered, then, we are in accord with 

the principle that severe cerebral injuries should be care­

fully debrided, when the actual debridement will not carry 

as its aceom~animent a penalty disproportionate to the benefits 

to be gained. '£he presence of foreign bodies in the wound 

is an additional argument for radical operation in properly 

chosen cases (Wagstaffe, 1928, and see the discussion of this 

question by Pilcher, 1936). 

In one ot the earlier chapters the ~estion was 

raised as to whether, left to nature, absorption of injured 

tissue would not occur, so that the final result as far as 

scarring is concerned would be found to be as satisfactory 

as that which could be produced by the surgeon. Figure 38 

showing the brain of a monkey three months after the infliction 

Of a severe wound, and figure 39 showing the brain of a cat 

.three weeks atter a severe injury, suggest, by their gros s 

appearance, a very satisfactory end result. We have no 

experimental evidence drawn trom a comparable series at animals, 
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one with injured brain operated u]On, and another with injured 

brain in which debridement was done. However, clinical ex­

perienoe makes common knowledge the severe gross and histo­

logical changes found as the late result of head injury. Dr. 

William Cone has kindly given us permission to cite the re­

ports of two individuals u~on whom he has performed radical 

debridement of damaged cerebral tissue. Auto~sy in these 

cases was obtained two and eight years after the operative 

prooedures. 

P.C.-R.V.H. No. 89099 was admitted to the hospital May 8th, 

1934 for the first time at the age of sixteen. About two 

hours before admission he had been struck by an automobile. 

The family and past histories were re~orted as negative. Examina­

tion showed a boy alternating in brief periods between conscious­

ness and stupor, presenting a laceration of the scalp in the 

left frontal region, and no definite neurological signs other 

than his stupor. X-ray stUdies showed a comminuted fracture 

at the skull in the lett frontal region which, at operation -

which was done as soon as possible after admission - was found 

to be depressed. Under avertin and local anesthesia the wound 

was debrided and the fragments of bone removed. Dr. Cone's 

o~erative note reads: •••••••••• softened brain esca~ed 

through the dural laceration and large blood clots came away •••• 

The frontal lobe had been destroyed on its ventral surface 

back almost to the point at which the frontal lobe joins the 

fissure of Sylvius •••••••• Softened brain clots wereWlshed 

out with irrigation and finally the softened brain was removed 

by suotion •••••• The bleeding was controlled with silver clips. 
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An a ttem:pt was mad,e to su ture ail opening in the dura at the 

base (the fracture opened into the ethmoid sinus) •••••• In 

order to drain through a clear field a left subtemporal de­

oom:pression was done and a rubber dam drain was carried out 

through a se:parate stab wound ••••••• ~. 

A discharge note by Dr. Cone, dated June 4th, 1934, 

reads in part: "His post-operative course was smooth, without 

undue restlessness or exeitement, and was oharacterized by 

steady improvement". 

On November 12th, 1936, he was readmitted (M.N.I. 

No. 2001), having shot himself one-half' hour earlier. Death 

occurred fifteen minutes later. Autopsy was performed and 

the brain was studied by Dr. W. L. Reid from whose report the 

following notes are taken: "The dura is adheren t to brain 

over the left frontal pole and is thickened in this area. There 

is a deficiency in the left frontal pole under the area of 

dural. adhesion, which is irregular in outline. There is no 

shift of the midline. Coronal sections were cut, and serial 

sections were taken by Dr. Cone from the left frontal pole 

to include the old operative scar". 

Sections 4, 5a, and 5b may be taken for further 

description. Dr. Raid says of these: "These three sections show 

the most marked changes. The dura is considerably thickened. 

The arachnoid is also considerably thickened and irregularly dis­

posed. There is a heaping-up of arachnoidal cells. In some 

areas these cells are present in fairly large groups and occasional­

ly arranged in whorl formation, giving a distinct resemblance to 

a meningeal fibroblastoma. No mitotic figures have been seen 

in these arachnoid cells. In one area there is what appears to 
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be a section thrOUgh a silk suture surrounded by cannective 

tissue. '!'here is a fairly large giant cell containing several 

di Berete nuclei lying between the s ilk and the surrounding con­

nective tissue. There is gliosis on the edge of the underlying 

brain tissue and in one area there is a well demonstrated 

meningoeerebral cicatrix in which islands of glial tissue are 

enclosed in a .delicate connective-tissue reticulum. This is­

connected with the overlying meninges. The architecture ot 

the brain tissue immediately surrounding this cicatrix is 

disarranged and contains numerous astrocytes of the Nissl plump­

cell type. There are quite a few multinucleated cells scattered 

through this tissue. In some areas the overlying grey matter 

a~pears fairly normal, while there is considerable destruction 

of the underlying white matter with loss of myelin. Most of 

the blood vessels of these sections are somewhat thickened and 

oecasionally thrombosis is seen of one of the smaller vessels. 

There is quite marked ~erivascu1ar infiltration with ~hagocytes -

ocoasionally with small round cells. Many of the ~hagocytes 

appear to be oompound granular corpuscles and are seen in the 

area ot the cicatrix and in the overlying subarachnoid s~ace. 

There is considerable increase in the oonnective-tissue content 

of these sections. MUch of it is in relation to blood vessels 

bu t there is a large amount coming in from the meninges and ex­

tending into the areas of gliosis. MOst of it is reticular 

in ty~e but there are also collagenous fibers present". 

Dr. Reid concludes, "On the whole, the amount of sear formation 

and damaged 'ti ssue is much less than would be ex.peeted had 

the damaged tissue not been removed. Dr. Cone commented that 

part ot the scarring may be due to, or may be secondary to 

ti In his Onl.-nion this is a healing brain tract degenera on. ¥ 
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wound and there is no evidence of inflammatory reaction". 

Our own review of this material leads us to concur 

co~letely in the o~inion that the residual scarring must be 

very appreciably less than if no debridement had been done. 

Des~ite the presence of a limited amount of typical meningo­

cerebral cicatrix the ~rocedure, on a ~antitative basis, seems 

to have been wholly justified. 

The second case was treated similarly. A.M., 71 

years or age at the time of bis death in 1936, was originally 

admitted to the hos~ital eight years earlier (R.V.H. No.67106). 

The following is a synopsis of his case: "On October 4th, 

1928 this patient was hit on the head by a brick; he was 

brought into the hospital in an unconscious state, bleeding 

trom a large, Y-sha~ed lacerated wound in the right fronto­

temporal region and bleeding actively from the nose. He was 

comatose; blood pressure 185; pulse 40. Hematoma about the 

right eye. Patient had been v ani ting large amounts of blood. 

Comminuted fracture of the right fronto-parietal region wi th 

a marked depression was found. Some of the bone fragments 

had lacerated the dura exposing bulging, lacerated brain. 

Patient was operated on under local anesthesiaj a wide debride­

ment was done; the de~ressed fragments of the skull removed; 

bleeding points controlled and softened brain removed by 

light suction and irrigation. The dura was closed tightly 

and the wound drained through a separate stab wound. He 

improved from the time of operation onward and his ~ost­

operative course was rather uneventful aside from the fact 

that he was somewhat confused. Enquiring into his condition 
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over the past several years, it· is ascertained from his 

wife that he had had no seizures; had been somewhat irritable 

and nervous at times. He was admitted to St. Luc's Hospital 

in a state of cardiac decam~ensation and died there on 

February 3rd, 1936. Autopsy was done which revealed no rele­

vant findings~ Through the co-operation of the st. Lnc 

Hospital authorities it was possible to study the brain of 

.this patient. Dr. Donald Coburn's notes read: -The atrophy 

of the right frontal lobe is quite apparent but in none 

Of the sections is there any evidence of ventricular dilatation 

Or distortion. There are cystic areas in the leptomeninges 

at the site of the dural attachment. Beneath this are small 

intracerebral cysts, light yellowish-brown in color. The 

largest measures 2.0x1.0 centimeters and has only what appears 

as a thin shell of cortex overlying it. There is considerable 

alteration of the cerebral tissue beneath the thickened lepto­

meninges, in addition to the cysts, and some areas have a 

greyish translucent appearance. The greatest involvement ex­

tends 2.3 centimeters beneath the brain surface and comes to 

within 0.65 centimeters ot the right anterior horn. No 

suggestion of a cicatrix extending deep into the cerebral 

tissue is evident. 

-Macroscopic: Tissue consists of a vertical sec­

tion through the right anterior lobe. The anterior horn of 

the ventricle is present and in the supero-lateral region is 

a Cyst covered superficially by a thin layered membrane. The 

dee~est ~art of the Cyst is 1.0 centimeters from the most 

superficial part of the ventricle. There are smaller cysts 

inferior to the large one. 
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"The leptomeninges on the medial surface are normal. 

On the inferior surface in one sulcus is slight thickening 

ot these membranes. On the su:perior surtace there- is irregu­

lar thickening, with a patchy :proliferation ot arachnoidal 

cells, with scattered :psammoma bodies and whorls. The le~to­

meninges overlying the cystic areas are thickened as in the 

other regions by an increase in collagen, reticulin and scat­

tered lymphocytes. .Vessels in some areas of the thickened 

le~tomeninges are numerous and less so elsewhere. No abnormality 

is noted in them. 

"The cysts are covered by glial tissue with an over­

lying layer of leptomeninges. The walls are tor.med by wavy glial 

fibers which are well seen in the ~hos~hotungstic &eid stain. 

In this stain also the overlying glial tissue is seen to consist 

ot criss-crossing heavy and light glial fibers with nuclei ot 

glial cells scattered throughout. No nerve cells are identi­

fied here. In these cysts there are no leptomeningeal elements, 

and the glial fibers forming the walls are arranged in con­

ce1tric fashion with no tendency to a radial arrangement. 

"In two or three smaller cysts there are numerous 

interlacing strands of connective tissue in the walls and 

traversing the cavi ti es and in spaces which are a:p:parently 

subarachnoid cysts, these elements are abundant. In the 

Laidlaw connective-tissue stain they are seen to be collagen 

and reticulin fibers. 

"Interior to the lowermost cysts is a ty:pical meningo-

cerebral cicatrix, the leptomeninges being continuous wi th a 
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wedge-sha~ed interlacing network of collagen and reticulin 

fibers which extends slightly dee~er than the adjacent sulcus. 

Extending out from the wedge are branching vessels and ca:pil­

laries as well as fibroblasts. There are several smaller 

connective-tissue clumps of a similar nature. There is but 

moderate distortion of surrounding nervous tissue." 

We are in accord with the findings described and 

agree with Dr. Coburn's conclusion: "We, (Dr. Cone and Dr. 

Coburn) feel that this (case) is am:ple evidence for the early 

debridement of contused and lacerated cerebral lesions". 

SUch results :prove that it is possible to debride a 

recent cerebral wound and to obtain a late result of healing 

far better than one c@uld expect were operation withheld. 

Having dis~osed of these subjects we may now pro­

ceed to a consideration of the problem of excision of long­

standing cerebral and meningocerebral cicatrices. As Foerster 

and Penfield (1930) point out, the test of the value of 

any clinical procedure rests in the clinical results that 

are obtained. Judged by this standard the procedure of sear 

excision is, in our opinion, amply justified as it has been 

ap~lied to the treatment of epilepsy associated with meningo­

cerebral cicatrix and areas of focal atrophy (vide Penfield, 

1936) • Many questions of practical and of academic interest 

re.main unanswered, however. One would like to know, for 

example, what may be the appearance of the excision site some 
;f 

years atter operation. Foerster (1936) has stated that he 

has never seen at post-mortem the late results of one of his 

scar excision procedures. Re-exposure of operated cases 

has been rare in MOntreal. 

,. Personal communication. 
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Because of thelaok ot histological evidence ot the 

late result. ot scar excision. and because there remained 

unanswered other ~estlon8 related to oerebral oioatrix, the 

author undertook in 1'29, at the suggestion ot Dr. Penfleld, 

this study of oerebral oicatrix. Dr. Pentield and the author 

performed operations in which normal cerebral tissue was ex-

01.ed in oate and in monkeys. The details ot the prooedures 

need. not detain us now. It will suffioe to say that in a 

group ot ten ca'ts tolloYed from six to two hundred and twenty­

six 4aya, histological results were obtained whioh were 

considered "go04" in four animals, "poor" in six. Con­

current operations by the author upon monkeys yielded results 

tha' were no more satisfaotory. In 1931 other attempts were 

made to 8x01s8 oerebral. tissue in lWnkeys. In a group ot 

t1~een animal. operated upon in that year by the author, 

eight result. were obtained whioh were deemed satisfaotory 

trom the standpoint ot relative absence ot soar thlsue, in 

five oasea extensive soarring and degeneration ooourred. Two 

0888S were not suitable tor analysis. 

That oerebral 8xois1011 may sometimes give r~lse 

to as a:tensive searring as that seen in wounds 1s well illus­

trated by the following experimen"; Dog, P-l423, one hundred 

and fifty-five day. before death had ranoTed from the left mid­

:Peri e'tal region through a deoom:preasion opening a blook ot 

tissue measuring slightly more than 1.6 oentimeters in an 

antero-posterlor direotion, 1.4 oentimeters mes1o-1aterally. and 

1.0 oentlmeters in depth. To remove it two large veins 



Fig. 40. 

The letters indicate the wound (R) 
and the excision (L). See text 
for details. 
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entering the midline were clip~ed. Arterial supply to the re­

maining tissue seemed assured. A generous opening was made 

into the ventricle. The dura was closed. SUbsequently one 

hundred and thirty-nine days before death a wound was made 

in the right parietal region through a small craniotomy. The 

wound was made with a pair of large scissors, inserted one 

and one-half centimeters into cerebral substance and moved about 

roughly. A large cortical vein was deliberately cut. Abraded 

temporal muscle was opposed to the surface of the wound. An 

injection of blood into the right frontal lobe ten days before 

death need not concern us here. The dog was sacrificed because 

Of the development of a generalized peri tonitis, probably re­

sulting from trauma done at the time of intra-peritoneal in­

jection of dial ten days before. 

The photograph (Fig. 40) shows clearly the extensive 

loss of bulk on the left side where the large block of cerebral 

tissue was removed. There is a compensatory shift of the pos­

terior portion of the brain to the left sidet which seems to 

be the cause of the narrowing and displacement of the lateral 

ventricle, rather than that these are due to cicatricial ~ull. 

There is abundant connective-tissue infiltration of the edges 

Of the cerebral tissue. All in all, the picture is one of 

cerebral cicatrix. The wound area on the left shows a good 

deal of atrophy. The apparent up-~ulling of the ventricle sug­

gests a true pull for though this ventricle may well have en­

larged to compensate for loss of bulk on the left, the wound 

was not made until sixteen days: later and there were no adhesions 
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at the site of operation when it was ex~osed. Therefore, there 

is good evidence of pull with possibly an added element of 

atrophy. 

In any event, the important point is that the result 

of the excision on the left is har,dly more satisfactory from a 

histological point of view {discregarding the question of vascu­

lar nerves} than the wound in the opposite hemisphere. 

Obviously some unrecognized factor was entering in to 

give these variable results. All the operative procedures were 

being carried out with, we thought, due care of the vascular 

supply~ Yet it was quite evident that degeneration of the ex­

cision edges was sometimes oocurring, and that in some instances 

true scar was forming as well. A chance interruption of the mid­

dle cerebral artery while amputating a temporal lobe resulted in 

the finding at autopsy nine months later of an important clue to 

the mecfuanism of cerebral healing. When this-brain was sectioned 

there was found a degenerat1.on in the course of the middle cere­

bral artery, which degeneration was surrounded by a minimum 

of scar tissue reaction, no infiltration of the brain by con­

nective-tissue elements, and a very moderate gliosis. This 

lead resulted in the study of the changes following occlusion 

of the middle cerebral artery reported in an earlier chapter, 

and made possible the elucidation of the principles of cerebral 

healing which are there presented. 

With the information gained thereby another group 

of animals was operated upon during the past year. In some 

instances the suture method of block excision was used. In 

other instanees a portion of a gyrus was excised, with special 
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care to preserve vessels in the depths of a sulcus. The 

essential ~oint in these e~eriments has been that the utmost 

effort has been made not to interfere with blood supply, ar­

terial chiefly, but venous as well so far as possible. 

The results of our studies of the methods of scar 

excision can best be ~resented in a sub-chapter: 

The Technique of Cerebral Scar Excision. 

The problem of dural exposure presents no s~ecial 

difficulties. Foerster (Foerster and Penfie1d, 1930) habitual­

ly employed craniectomy as a means of ex:posure. He feels that 

its decompressive effect may be of value. On this Continent, 

how.ever, the employment of a bone flap, oftentimes of very 

appreciable dimensions to per.mit of wide exploration, has been 

considered preferable. Its protective and cosmetic value are 

of great tmportance and inasmuch as it can be combined with 

generous bony decompression in most instances, the somewhat 

doubtfUl advantage of the decompression gained by craniectomy 

is overweighed. 

The presence or absence of dural-arachnoidal ad­

hesions is a matter of considerable moment. Obviously pene­

trating wounds ot the skull will be assooiated with generalized 

adhesions, and hemorrhagic extravasations into the meninges 

lead to them also (though we have occasionally, in animals, 

found no trace at later post-mortem examination of either 

subarachnoid or subdural bleeding). Important in the inter­

~etation of etiology is the absence ot adherence of the 

dura, which argues for a wholly intracerebral condi tion, un­

related to the meninges, and usually associated in our e~erience 

with arterial occlusion. Thickening and greying of the 
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arachnoid, and streaking of the vessels are probably, as first 

pointed out to us' by Dr. Penfield, to be regarded as signs of 

an intracerebral degenerative process, with "dum~ing" of the 

~roducts of destruction into the meninges. In view of what 

has been said in earlier cha~ters about the response of vessels 

to trauma, the necessity of separating in a gentle fashion 

the innumerable adhesions that may be found, is manifest. 

Following ins~ection of the brain and electrical ex­

ploration to determine the physiologically abnormal area, con­

siderations which need not detain us here, one is faced with 

the important question of what principles must guide one in 

making the excision, and subsidiary to those principles, what 

is the best technique to employ. 

As has been repeatedly emphasized, the essential con­

sideration is preservation of the blood supply of the tissue 

left behind. Observation of the minimal reaction surrounding 

the cysts resulting from occlusion of the middle cerebral ar­

tery suggests that sudden, complete ocolusion of the artery of 

supply to an area is the procedure ot choice. Obviously, 

however, such a procedure is impractical because of the extent 

Of the resultant lesion and because the method is not suffi-

ciently flexible to be applied in various areas. 
I 

However, these 

experiments do serve to demonstrate the necessity of considering 

the residual blood su~~ly in the ~eripheral segments of the 

artery whose course ls involved in scar tissue. For exanple, 

sucoessful excision of a scar in the face area of the human 

necessitates a nice attention to the blood supply of the arm 

area, for judging by both ex~erimental and clinical e~erience, 



Fig. 41. 

Human brain, injected with bismuth 
solution, showing the irregular 
surface distribution of the arteriea. 
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the arm area will suffer both physiologically and histologically 

it left dependent upon collateral supply from the distribution 

Of the anterior cerebral artery. 

Whatever technique of excision is employed must, then, 

~eserve it at all possible the main arteries of supply. In 

general these tend to run deel' in the sulci but figure 41 which 

is a photograph of a human brain whose vessels have been in­

jected with a bismuth solution (Hill, 1929) shows clearly the 

irregularity of distribution of the middle cerebral artery 

over the convexity. 

Three methods of excision pr·esent themselves: The 

first Of these employs sharp dissection of the tissue, with 

hemostasis dependent upon the use of silver clips, ligatures, 

and the electro-coagulator. It is essentially a modification 

of the two methods that follow. The second is the technique 

employed by Foerster and by Penfield, in which deep ligatures 

are set in the brain and then drawn, cutting cerebral tissue 

and gathering the vessels in a clump at the surface as the 

loop is drawn taut. The third employs the electro-surgical 

unit for dissection and for hemostasis. 

As the result of our experimental work we have come 

to the conclusion that either the suture or the electro-surgical 

method is an acceptable one, the choice of which may depend 

upon the particular preference of the surgeon concerned. 

On theorectical grounds there is at least one serious objection 

to the use of the sutures. It would seem that when they are 

drawn taut in their loops they must drag severely on the vaso­

astral framework, perhaps tearing small vessels and, in 



Fig. 420 

The brain of a monkey 158 days 
following the excision of the 
right foot area (~sulcus technique") 
and 144 days following the excision 
of the left foot area (suture method). 
The extent of the excisions is shown 
in the next figure. See text for 
further descriptiono 
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Fig. 43. 

The extent of the excisions whose 
end results are shown in flgo 420 
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addition, initiating serious vasomotor disturbanoes. We 

have therefore, observed microscopically the meningeal vessels 

before and after tying of the loops. There 1s no greater evi­

dence of meningeal vascular disturbance in these cases than when 

the meninges are incised with the electrocautery, and the 

late histological results do not suggest more damage in the 

cerebral substance itself. 

Thanks to the kindness of Dr. John Ful ton of Yale 

University, Dr. Cone and the author have had the o~portunity 

of studying the brains of a large number of animals from his 

laboratory in which he has excised various cerebral areas. Our 

conclusion at the time of this study was that the results were 

such as to justity the use of the electrocautery in such ex­

~eriments, and a review of the data in the light of more recent 

e~erience confirms this o~inion, any extensive degeneration 

found being attributable to vascular disturbances a~parently 

unrelated to the use of the electrocautery. As a result of 

these and other stUdies made at the time, we reached the con­

clusion that the zone of damage due to the direct effect of 

the heat generated by the high frequency current passing 

through the tissue, extended little if any further than one 

millimeter. 

Hence the author believes that either method may be 

used. Figure 42 is the photograph of the brain of a monkey 

(P-l504) from which cerebral tissue was excised on the right 

and on the left as indicated in figure 43. On the right-hand 

side the central and superior precentral sulci were utilized 

so far as possible as cleavage planes and the electrocautery 

was used for incising tissue only when neoessary. The 



Fig. 440 

Coronal sections of the brain 
shown in figo 42. 
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Fig. 45. 

Hematoxylin and van Gieson 
preparation of the two excision 
sites. There is little difference 
in the histological end result of 
the two excisions, one done by the 

"sulcus technique", the other by 
the "suture method". 
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Fig. 46. 

The arrow indicates the widening 
of the Sylvian tissure which has 
resulted from the shift of the 
brain toward the excision. Note 
also th~ tendency of the arteries 
to approximate one another as they 
approach the excision site, another 
result of the shift. 
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excision blook was removed with a brain spatula and the pit 

was dee]ened into the ventrio1e by the use of the sucker. On 

the left the dee~-cutting sutures were set along the lines 

indicated in the figure, and the block of tissue was lifted 

'out with a brain spoon. The excision pit was then dee]ened 

and an opening was made into the lateral ventricle. The ani­

mal was sacrificed one hundred and fifty-eight days and one 

hundred and forty-four days atter the first and second opera­

tion respectively. The brain is shown in figure 44 in coronal 

section. The picture shows to disadvantage the left side 

(suture method) but microscopic examination of the two ex­

cision sites showed little to be chosen between, as demonstrated 

in figure. 45. 

The obvious shift of the brain, in the absence of any 

appreciable scarring, is quite evident in figure 42· already re­

ferred to. The three black dots on the left hemisphere are the 

fine sutures used for removal of the tissue, and they show well 

how the brain has shifted mesially. The deep Sylvian sulcus 

just evident on each convexity shows that the shift is compen­

sated for by widening of the sulci. It is eVident, then, that 

widened sulci need no~ be an indication of local atrophy, since 

the gyri here are ot good size. Figure 46 shows again the 

widened sulcus and demonstrates the alignment of the vessels 

toward the excision site. 

In those instances in which we have ~ployed the 

cautery for removal, its use has been limited. An example of 

the technique used is presented by the study of another 



Fig. 47. 

The gross result of excision of 
the motor gyrus (hand area) by 
the "sulcus technique·~. One hundred 
and sixty-four day survival. 
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monkey (P-1469). It was planned to remove: almost t,he entire 

hand represen"tation in the :preoentral gyrus. Figure 47 shows 

the result at one hundred and sixty-four days. The o:perative 

note reads, "The central sulcus was freed from the upper to the 

lower limits (of the hand area). This manoeuvre precipitated 

brisk hemorrhage lateral1y and a silver clip was necessary to 

control it, necessitating some local trauma. The preoentral 

sulcus was similarly treed - this time with moderate venous 

hemorrhage, easily controlled by pledgets and warm saline. 

The mesial edge of the excision was cut to the depth of the 

gyrus with the Majestic unit, the lateral edge similarly. 

The pia arachnoid deep in the precentral and central sulci 

.as tnen incised with a sha~ knife and with a small brain 

spoon a level eut was carried across the base of the freed 

section of the gyrus from before and from behind, and the 

isolated section was lifted out. A small attachment deep in 

the antero-medial angle was cut with the Majestic unit. The 

base of the excision pit appeared very reasonably clean. 

The field was left very dry". 

Microscopic observations of the arachnoidal circu­

lation immediately after the excision are reported in the 

following note: "Definite pulsation could be seen in the 

arteries on the anterior face of the postcentral gyrus, and on 

the posterior face of the frontal gyrus, so that circulation 

in these two gyri appeared undisturbed. Moreover, there was a 

minimum of evidence of trauma to these gyri. The medial edge 

of the excision was clean cut, and the circulation in the 



Figo 48. 

Hematoxylin and van Gieson pre­
paration of the brain shown in 
rigo 47. The preparation passes 
through the excision area. 
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Fig. 49. 

The -right frontal pole of this 
monkey waa amputated 143 days 
before death along the line 
indicated by the -interrupted line 
on the left hemisphere. Note the 
shift of the brain forward, and 
the arachnoid tree area, indicated 
by the arrow, where the cut face 
of brain has approached the surface. 
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Fig. 50. 

Hematoxylin and van Gieson pre­
paration of a longitudinal section 
through the brain following amputa­
tion of the frontal pole, as shown in 
fig. 49. 



• 1040. Fig . .50. 
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gyrus, as judged by its calor, a]peared undisturbed. However, no 

definite :pulsation of vessels could be seen and the rate ot flow 

could not be determined, and we could not say with positive 

assurance that the circulation in the mesial ~ortion of the ~re­

central gyrus was normal, or even ap~roximately so. The same 

observations held tor the' lateral ~ortion of the precentral 

gyrus •••••••••• Nevertheless, this portion of the gyrus ap~eared 

grossly unaffected". 

Figure 48 is a low-power view of the excision site at 

one hundred and sixty-four days. This would ap~ear to be a 

reasonably satisfactory excision result, though other sections 

showed SODl3 soft,ening and connecti ve tissue proliferation beneath 

the floor of the excision ~it, suggesting interference with 

va.scular supply in that area. 

Figure 49 shows the brain of a monkey (P-150l) whose 

right frontal pole was amputated as indicated by the interrupted 

line on the left hemisphere. The precentral gyrus was dissected 

free by the "sulcus technique" just described and the cautery was 

used only to incise the pia arachnoid at the mesial convexity. 

The actual cutting of brain tissue was done with a brain spatula. 

Care was taken to avoid the anterior cerebral artery. To be noted 

in the picture is the extent to which the right hemisphere has 

shifted forward. Figure 50 is a low-power preparation showing the 

minimal scar tissue reaction along the excision face one hundred 

and forty-three days after operation. 

A wo.rd should be said' about the use of silver cli:ps. 

Their indiscriminate use is to be deprecated for we have observed 

marked glial and connective-tissue reaction about them on frequent 
. . 
occaSl.ons. 
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Concerning the advisability of making a permanent 

opening into the ventricle we have little to say. The question 

is of paroticular concern if it bears a relationship to the oc­

currence of seizures, a question not relevant at the moment. 

Experimentally we have not reproduced the ventricular dilata­

tion so common in clinical cases. Monkey P-1504 demonstrates 

the difficulty of maintaining ventricular communication in 

a small brain with small ventricles. It is our impression 

that with large ventricles the opening into the ventricle 

should remain permanent; but that there is established in all, 

or even in most eases, a communication between the fluid in 

this large "cystic" space and the subarachnoid spaee at its 

periphery seems unlikely, for the meningeal adhesions seen in 

experimental animals are such as to lead one to think that the 

subarachnoid space at the cyst edge 1s usually obliterated. 

From the standpoint of cerebral healing the opening is probabl.y 

Of advantage because of a possible deco~ressive effect. 

Probably not much actual necrosed tissue is carried off directly 

into the fluid, for the excision walls, in the course or a 

day or two, become lined by an extensive mesothelial car~t 

under which phagocytio activity is carried on, evidently 

completely isolated from the "cyst" proper. 

The subject of the am~loyment of drains we do not 

propose to discuss because of the fact that e~erimentally, 

drainage of a wound is practioally impossible, because of 

the danger of infection. We, therefore, have no direct evi­

dence bearing upon the problem. 

The handling of the leptomeninges is a matter ot 

im.:portance for exposure to drying and to other forms ot trauma 



107. 

undoubtedly facili tates the fcrmation of adhesions even in 

the absence of hemorrhage. Hemorrhage itself, both subarach­

noid and sUbdural, sometimes vanishes mysteriously leaving 

no residual adherlons. The factors· governing this reaction 

are unknown to us, but we suspect that such absor~tion occurs 

if the meninges are untraumatized. Rupture of leptomeningeal 

continuity at any point leads to adhesions along the line of 

rupture as we have already indicated and as was earlier shown 

by Lear and Harvey 11924). Suoh adhesions may be very firm. 

We know of no way to eliminate them entirely. They seem to 

represent an invariable histological s:equence. Gentle handling 

of tissue reduces their occurrence to a minimum. 

Dural closure should be meticulous, for thOUgh a 

new mesothelial lining c~ be supplied for defects of a few 

millimeters' extent it is easy for edemato.us brain to in­

sinuate itself through dural gaps and thus traumatize itself 

further. 

The bone flap is customarily replaced and fixed 

with wire sutures, provision generally being made for a bony 

decompression. 

No surgical prooedure of the sort outlined can be 

considered sUfficient of itself. Due attention must be given 

to the tactors arbitrarily termed "medical" in the first 

portion of this chapter. Only by an intelligent, compre­

hensive consideration of all the problems involved can the 

optimum therapeutic result be obtained. 
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SUMMARY: 

There have been considered in this cha~ter the 

various "med! ca!" and "surgical" procedures which tend to 

reduce or to elimina te the vascular di sturbanoes attendant 

upon the various forms of acute cerebral injury - thrombosis, 

shock, and direct trauma. An understanding of the early 

stages of change in these conditions is of great importance in 

trying to reduoe the amount of ultimate damage resulting from 

. the injuries. In the second half of the chapter the indi­

cations for and the technique of surgical removal of long­

standing cerebral cicatrix have been considered. 
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SUMlv1ARY. 

1. 
In the introductory chapter there is presented a 

general outline of the argument developed in the later chapters. 

It is proposed that the various cicatrices found in cases of 

cerebral arterial occlusion, cerebral hemorrhage, and cerebral 

contusion and laceration are all closely related in the essential 

element concerned in their development, i.e., interruption of 

normal vascular supply. Three benefits of the study are fore­

seen: 1) A better understanding of the cellular changes involved 

in cerebral scarring; 2) A clearer differentiation among the 

late histological stages resulting from various types of cerebral 

insult; and 3) A olearer conception of the principles of therapy, 

both medical and surgical, necessary for the satisfactory treat­

ment of this important group of cerebral conditions. 

II. 
In the second chapter are reviewed the anatomical 

features of the cerebral vascular system that are essential 

to the development of a collateral circu~ation. The possibility 

of and the mechanism for functional circulatory disturbances are 

next discussed and the special susceptibility of brain tissue 

to deprivation of oxygen is stressed. Evidence from experimental 

work is presented to bear out the view that vascular disturbances 

may occur as the result of variation in neurovascular tone. 
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Ill. 
The work detailed in Chapter III on cerebral arterial 

occlusion forms the physiological and histological ground­

work on which are based the later conclusions. The summary 

Of Chapter III is here quoted from page 38 of the text: 

1. 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 clinical cases are presented for comparison 

with the experimental material. 

3. It is suggest~d that the anatomical end result of 

occlusion of the middle cerebral artery or its branches 

gives a definite anatomical picture. 

4. It seems ~ossible ttat the gradations 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 formation, that slow occlusion provides opportunity 

for the establishment of collateral circulation in the 

periphery of the softened area and thereby allows pro­

liferative glial and connective-tissue changes to take 

place. As a result, greater cicatrization is found 

in such cases. 

5. Sudden complete occlusion of the middle cerebral artery 

in monkeys ~ossessed of a normal vascular tree is 

unaccom:p"anied by red infarction. It is suggested that 
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the diminished circulation persisting after the 

occlusion, though insufficient to sup~ort the life 

of the parenchymal tissue,is adequate to preserve 

the vessel walls and to' :prevent diapedesis. It 

follows as a probable corollary that "red infarction" 

occurs clinically when the vessel walls are so 

diseased that the impaired circulation follow~g 

sudden occlusion is still further impaired by pre­

existing vascular disease with the result that the 

vessel walls are so poorly nourished that diapedesis 

occurs through them. 

The fourth chapter deals briefly with the subject of 

intracerebral hemorrhage. The theory that most cases result 

from a circulatory insufficiency giving rise to prestasis and 

to diapedetic hemorrhage, is accepted. So far as scarring is 

concerned, this process is not unlike that which is :produced 
, 

by the experimental injection of blood. The late histological 

changes resulting from the injection of blood are described and 

compared with the pictures seen in clinical cases. Finally, 

these changes are correlated with the mechanical and functional 

vascular disturbances that we believe occur in association with 

hemorrhage. 

v. - In Chapter V. cerebral concussion is defined and 

is separated as a physiological and clinical entity from 

cerebral contusion. The essential anatomical feature of 
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contusion is periv~scular hemorrhage. Cerebral contusion is 

then, so far as the mechanism of scarring is concerned, 

essentially the same condition as intracerebral hemorrhage, 

complicated similarly by associated disturbances in cerebral 

circulation. 

VI. - Cerebral laceration and cicatrix are discussed in 

Chapter VI. and it is pointed out that laceration is very 

closely related to contusion - both in the circulatory dis­

turbances that must accompany it, and in the conditions which 

predetermine the ultimate nature of the scar. Thus, to the 

static histological description already given in the litera­

ture is added the conce:ption of cerebral s.'~arring as a dynamic 

process dependent essentially upon disturbanoes in circulation. 

VII. 
In the final chapter use is made of the foregoing 

dynamic conception in discussing therapeutic problems. The 

importance of an adequate circulation and the effects of 

anoxemia on cerebral tissue are reviewed. The factors pro-

ducing an inadequate circulation and the means of ~reserving 

or improving cerebral circulation are then considered. The 

question of radical debridement of cerebral wounds is discussed 

and the clinical importance of cerebral cicatrix is considered. 

Finally the technique of cerebral scar excision is reviewed 

in detail and the advantages and disadvantages of various 

methods are discussed. 
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VIII. 
The study gives, it is ho~edJ a better understanding 

of the pathogenesis of oerebral oicatrix, a clearer differentia­

tion of the lesions resulting from various ty~s of cerebral 

insult, and a clearer oonoeption of the ~rinciples essential 

to optimum therapeutic results. 
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