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THE PATHOGENEBGSISIS

OF

APOPLEXY



PREPACTE

As great 8s the victories of
medicine against disease have been, man
continues to die before his time. Senility
is eventual and cannot be conguered (as yet),
but it may be forced to retreat, and many
of its most dangerous divisions may be
routed or even annihilated. If we should
pay one-half the attention to old age as
we do to infancy, many useful lives that are
now blighted or lost would be prolonged
into the vigor of full blown maturity.

Apoplexy, according to insurance
statistics is the fourth cause of death in
people past the age of forty, ranking after
heart and kidney diseezses. I am convinced
that bheredity is not without importance as
a causative factor in apoplexy, for it is
well exemplified in my family tree. My
memory is still marred by the manner in
which my peternal uncle suffered for five

years in & hemiplegic state. Perhaps this



ii

memory and the fact that several of my
other relatives and ancestors died of
apoplexy prompted me to choose apoplexy
as my thesis subject.

I have confined myself to the
discussion of the pathogenesis, for it is
this phese in which I am particularly ine
terested. My reading, however, has extended
over the entire subject, and even though the
symptoms of apoplexy suggest other conditions,
such as, disbetic and uremic coma, epilepsy,
hysteria, and alcoholism, all of which
mekes diagnosis difficult, little can be
done in line of treatment since irreparable
damege has been done. As far as treatment
is concerned, prophylaxis is by far the
moat significant.

In the first section of this
paper, a resume of the history and defini-
tion of the subject is included. The re-
meining sections are devoted to the dis~
cussion of the preveiling concepts of the

pathogenesis of apoplexy.



INTRODUCTION

Pew terms in medicine have
caused more confusion than that of apo-
plexy. The word époplexy is derived from
the Greek's, who originally defined it as
meaning, "to strike down, -- to stun".

As originally defined and used, it was

the name given simply to a certain complex
of symptoms, and it brought into the minds
the clinicsl picture of a man who suddenly
falls to the ground with loss of comnscious-
ness, labored breathing, a tense slow pulse,
flushed face, and éome degree of paralysis
upon one side of the body. In course of
time, pathologists found thst this con-
dition was often associated with hemorrhage
into the brain, and hence the terus apo-
plexy ceme to be used as identical with the

pathological condition cerebral hemorrhzage.



Iater it was seen that the
brain lesion was sometimes an acute
softening, rather than a hemorrhage; and
at times there was found perhaps only an
intense hyperemia or an edema, hence the
terms hemorrhagic apoplexy, serous apo-
plexy, nervous, congestive, and embolic
apoplexy were employed. The use of the
word was then s8till further extended and
made to apply to 211 conditions in which
hemorrhage occurred, so thzt authors be-
g€an to speak of an apoplexy of the lungs,
or of the kidney, or of the spleen, or of
the liver. In effort to reduce the possi-
bility of confusion, I shall use the term
only to indicate that sudden loss of con-
sciousness with usually more or less paral-
ysis, that is produced by cerebral hem~
orrhage, or by acute cerebral softening due
to an embolus or a thrombus,

Apoplexy has been observed since



the time of Hippocrates, (460 B.C.), and
in those early days it was, as now, a
striking and serious visitation. Hippo-
crates called apoplectice, "those who in
health are taoken with pains in the head,
fall down, become suddenly deprived of
speech, and have stertorous respiration.
They die" he says, "in seven days or less
if fever sets in." Galen (150-200 A.D.)
gave a similar description, except that
it did not include headache among the
symptoms of attack. Paulus ABgineta, in
the fourth century of the Christian Bra,
describes apoplexy as that condition in
which all parts of the body have lost to-
gether sense and motion, and the victims
"lie without voice, without motion, with-
out sense, and without fever."

The Greek writers seem to have
considered apoplexy and palsy as diseases

of the same nature. Aretaeus, who lived in



the second century, A.D., says, "apo-
plexy, paraplegia, paresis, and paraly-
8is, are all the sasme kind, and consist

in a defect of sensation, or of motion,

or of both." Apoplexy is a palsy of the
whole system; of mind; of sense, and of
motion. Galen says, "when all the nerves
have lost sense and motion together, the
disease is called apoplexy; when this
happens to a part only, whether the right
or the left, it is called palsy." This
view was believed by Alexander Trallianus
in 400 A. D. who stated that, "the disease
paresis, commonly celled paralysis, is no
other than a loss of sensation and motion
in the parts affected. It differs from
apoplexy, in as much as this is a want of
sensation and motion of the whole body,
with injury of the governing energies, and
death in some part; but paresis is a death

of one part, or of half the body, or of



certain nervous parts, which have suffered
obstruction without disease of the brain
or spinal merrow." It mey be inferred

that Trallianus agreed with Aretaeus and
Galen in the opinion, that apoplexy is gen-
eral, and palsy a partial abolition of
sense and motion.

In 1675 Wepfler showed that in
apoplexy there was a hemorrhage in the
brain, and Morgagni published many reports
confirming this observation. The path-
ological anatomists of the eighteenth cen-
tury devoted a great deal of study to this
subject and did much to elucidate it. Up
to the year 1820 according to Frank, the
apoplectic stroke had been described by
more than two hundred and fifty writers.
Abercrombie in the last century, and Virchow
in the present century, were among the first
to show that apoplexies were dependent

primarily upon diseases of the cerebral blood



vessels. This subject as lster worked

out in deteil by Charcot and Bouchard.

The symptomé of apoplexy were fully studied
in the last century &lso by Boerhauve and
his school in Holland; by Abercrombie and
Todd in Bngland, and by Rechoux and Andral

in France.

PATHOGENESI3 OF APOPLEXY

The problem of apoplexy presents
difficulties which are typical of those met
in all investigations of pathology. While
the problem itself is one of the most strike
ing and dramatic events in clinical medi-
cine, the pathologist must draw his conclu-
sions froma ststic fixed picture, and then
reconstruct the process in all its stsges
from the comparison of 2 great number of
different final states. No wonder then

that the interpretstions are never conform-



able, and it is surprising that not only

the interpretations, but even the facts

of observation differ so largely with
different investigators. This incongruity

is to a certain extend caused by a cone-
fusion in terminology, for authors apply

the same term for different things or
different terms for the same thing. There-
fore, it is necessary to sumnorize briefly
what is generally accepted as the ana-
tomical equivalent of apoplexy. Three
different kinds of lesions cen be classified:
first;, there is massive hemorrhagic apo-
plexy in which is found a massi ve haemorrhage
in one or several areas of the brain. Often
from the area in which the hemorrhage occurs
a solid clot is easily separated anu falls
out on section, leaving behind a cavity

with hemorrhagic walls. Secondly; there is
softening, an area which does not show

hemorrhage, but a diminished consistency



and slight or more pronounced shrinking or
discoloration of the tissue. Thirdly; there
is the hemorrhagic infarction, which pre-
sents a picture similar to the softening,
and distinguished from it only by the ex-
travasation of blood into the softened

area, usually in innumerable small stipples.
A great deal of confusion in the more re-
cent literature is due to the fact that a
distinction is not &lways clearly drawn be-
tween the apoplectic hemorrhage, and the
hemorrhagic infarction. 1In & large number
of cases, however, one finds other additional
lesions, such as smerll foci of necrosis

and scar formation in the basal ganglia

and in the cortex. As these smaller areas
of necrosis differ from the large areas

of softening only in size, it seems to be
obvious that they represent the anatomical
equivalent of short transitory attacks of

fainting, giddiness, aphasia, blindness, or
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paresis which may occur in those patients.

In rending the description of
cages, it is guite evident that most of the
anatomical investigations on apoplexy deal
with the type characterized by messive
hemorrhage. Until a few decades ago the
pathogenesis of this disturbance seemed
to be clear. Charcot's view was more or
less accepted. Charcot and Bouchard (1868)
had reported seventy-seven cases of cere=-
bral hemorrhage, in all of which they found
circumscribed small swellings of the arterial
branches within the brain. These they called
miliary aneurysms. These miliary aneurysms
were 0.2 to 1 millimeter in size and had a
globular or fusiform shepe. Their number
varied from two to one hundred in each case,
and were found not only inside, but also out-
gide the actual focus. According to Charcot
and Bouchard, the aneurysms were not cesused

by arteriosclerosis, but by a diffuse peri-
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arteritis, with thickening and proli-
feration of cells on the Vascular adven-
titia and muscularis. As Charcot and
Bouchard saw aneurysms in the wall of the
hemorrhage, or in close relationship to
the focus of the hemorrhage, it secmed
probable that this hemorrhage was associ-
ated with these aneuryswus. In order to
prove that these sneurysms were re=1lly the
source of hemorrhage, the actual rupture
must be seen. It is, therefore, important
to note that in only three of their cases
did Charcot and Bouchard mention definite
ruptures of aneurysms.

Lowenfeld (1886), alleged by
Stern (in 1938), pointed out in a thorough
investigation of seventeen cases of hem-
orrhagic apoplexy with recent and old areas
of hemorrhage, that the hemorrhage did not

necessarily arise from the miliary aneurysums.



He found severe changes, vwhich he des-

cribed as a "simple fatty and granulsar
degenerstion" in the walls of the cere-

brael vessels in such cases. BHe found thet

it was chiefly the medies thet was affected

in the center of the apoplectic focus. He
celled this condition granular degenerstion.
The muscle fiber swells and becomes more
refractive; the nuclei disappear, and the
whole mass becomes finely granulested: these
grenules afterward conglomerate, the refrac-
tive power diminishes, and the whole muscular
well mey disappear. The adventitia is least
affected, but in this layer the nuclei sare
often incressed in number. In the adventitia
cells showing fatty degeneration are often
found, as are also red and white blood cells,
and occasionelly dissecting aneurysms. Lowen-
feld considered this a process of dispedesis,
for he did not find & rupture of the inner

vasculaer wall.



Pick and Ellis (1910), sas
cited by 3. J. Webster (1929) made thorough
eand exect investigetion into the nature of
these aneurysmal formetions. They showed
that the brain substence 2nd elements of
the vessel wsall were destroyed by either
subadventitel hemorrhages or extramurzl
hematomss surrounded by fibrin, and not
by true sneurysms. These are formed by the
rupture of 2 previously normel vessel, or
of & vessel vhich has shown dissection of
ite leyers. According to Pick esnd Ellis a
ftel hemorrhage can never occur from these
miliary aneurysms, and the aneurysms which
actually are seen to be ruptured within the
hemorrhaegic area are of & l-rger size then
the miliery aneurysms of Charcot and Boucherd.
Pick slso emphasized that the tis:ue sur-
rounding the miliary egneurysms never showed
a marked cellular reaction; thus it mey be

presumed thet they did not arise a long time
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before death. Shennan (1915) came to =&
similar conclusion, namely, that a locesl
dilatation of the diseased vessel rup-

tures and produces the apoplectic hemor-
rhage. This loczl dilatation is not a
pre~existent chronic chenge, but imme-
diately precedes the rupture. It is also

of a larger size than Charcot's miliary
aneurysm. The hemorrhage may follow the
formation of a dissecting aneurysm similsr
to the dissecting aneurysms of the large ar-
terial trunks. In Shennan's study, he only
found one case of a miliary aneurysm,

which corresponded to Charcot's and Bouchard's
description. As early as 1895, it was
reported that in a series of thirty-four
cases, none had shown any evidence of
miliary aneurysms. In some cases however,
the adventitial space was filled with blood.

Thus, findings showed even more conclusively,



that the classical theory of csusal
significance of the miliary aneurysms in
apoplectic hemorrhege wes nct entirely ade=-
guste.

This wes the situstion when the
paper by Rosenblath (1918) ap.cared. His
study, eand resulting explenation (which was
interperted by G. B. Hassin, 1927) formed
the besis of discussion in most of the suc-
ceeding investigstions, just asCharcot's
end Bouchard's work haed done. Rosenblath
had found in the ea2rlie: French literature
en article by Rouchoux, who had given the
following description: "a hemorrhage caused
by rupture following elteration of the brein
tissue." He considered this conception im-
portant. Tooc little notice h:d been taken
of the numerous smell hemorrhages so often
found ncar the large lesions. There was
not simple rupture of vessels causing swmall

end infinitesimelly am=11 hemorrhages, but
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these vessels had bec¢n subject to a process
of necrosis. The tissue between such hem-
orrhage 2lso shows signs of serious damage.
Rosenblathk found in mecroscopical and his-
tological study of eleven ceases of two hours
to fifteen days duration between apoplexy

and death, that hemorrhage never occuﬁ%d from
one vessel zlone, but from any vessels sim-
ultaneously; and that vessels and brain sub-
stance had both undergone 2cute necrosis in
the area of the hemmorrhage, 8nd that the
form of the lesion, snd the mode of expansion
of the hemorrhage could not be explzined by
the mechanical violence of the blood stream
destroying the tissue. Hence, he concluded
that the necrosis of the vessel snd the brain
tissue was the primary event, and that the
hemorrhage followed into a previously necrotic
erea. 'What is the cause of this process

of encephalmelacia? Rosenblath postulated

an unknown toxin suddenly attacking a cir-

cumscribed cerebrel area in which glisa,
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nerve fibvers, ganglion cells, capillearies
and veins sre 811 destroyed in a diffuse
manner or in patches which subseguently
melt together. Some of the arteries
escaped this process of necrosis, es-
pecizlly those of wvhich the walls have be-
come thickened, and resistant through
arteriosclerotic changes. The blood that
oozes through the vascular wall under very
little pressure is derived chiefly from
capilleries and veins. The arteries are
often occluded by thrombi, and the blood
cells do nct suffer from this toxin.
Rosenbleth's hypothetical explanation of
this process is unlikely. BHe postuleted
that ¢ toxic¢ ferment produced by the kid-
ney ceused the necrosis in the brain. This
theory, which endesvored to explain the
formetion of the toxin wss not accepted by
succecfing investigstors.

£1lthough Rosenblath's conception



wags & great stimulus to investigators
which foliowed him, some of his results
appcar open to criticism. For instence,
the presence of meny punctate hemorrhages
in the periphery is no evidence that the
entire lesion must have be«n produced by
the confluence of such smsll hemorrhages.
The viclence c¢f 2 massive hemorrhage cen
undoubtedly produce smell punctete hem-
orrheges in the neighborhood simply by
the mechznical demege to the smell vessels.
Similar small hemorrhages may be found
round 2 fresh bullet-hole in the brezin.
(Stemmler 1927), or an experimentslly in-
Jjected chicken clot in a dog's brsin,
(Ruhl, 1927). But there seems to be a
difference between these secondarily pro-
duced merginel smell hemorrhages and the
small foci of hemorrhage, which are to

be seen in the peripherzl zone of gross

apoplectic lesions. Thig point reqguires
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tissue and, 2s i8 well known, there are
many ceses in which the hemorrhage actually
brezks through into the ventricle.

Severel points in Rosenblath's
theory have received ample proof. The
scurce of hemorrhage is‘multiple in most
cases. The vessels in the entire area of
the hemorrhage undergo "arterioc-necrosis®.
The expansiog of the hemorrhage cannot be
explained by rupture and mechanical violence
only. Zlastly, the sme1ll miliary dissecting
eneurysms of Charcot and Bouchard are not
the cause, but one of the accidental results
of the process.

It seems to be an appropriate
plsce to discuss the experiments of Lotmer,
(1921) as described by L. Bowmen (1931). He
worked with dysentery toxins, and was able
to cause, by & method of injection,z mye-
litis znd sn encephalitis, sms1l bemorrhages

and progressive and retrogressive changes of
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of the vasculer wall. In cases of nephritis,
Lotmar also observed, thet one often finds
retinal hemorrhages #nd albuminuric retini-
tis, and it is this same charascteristic
changes one so often sees in apoplexy.
Lindemsnn(1924) as stated by
Globus .end Strauss (1927), confirms that
there are always many vessels from which the
hemorrhage occurs, and that hemorrhage is
not so much produced by rupture as Dby
diapedesis. Bé@nn (1927) compsred the
volume of both hemispheres, that is, the
hemorrhagic and the normal hemispheres of
the same brein. (Globus znd Strauss 1927).
The volume of the apoblectic hemisphere
may be a qguarter more than that of the
healthy one. Thus there must be a consider-
able displacement of brain substasnce by the
hemorrhage. This study caused Boehne to
insist thaet the primary nature of the dis-
case ie in the brein tissue, snd concluded

that the vasculer walls are only secondarily



af:ected. He could not accept the theory

of an isolated spesm of the intracerebral
vessels, because physiology teaches that

one has slways to do with the entire ves-
cular azreas, which contract or dilzte under
sympathetic or parasympathetic influence.

He believed that the ischeXmia has & mechan-
icel cause as exemplified: (1.) in the

case of areteriosclerotic changes of intra-
cerebral and extracerebrasl vessels; (2.)
through spasm of cerebral arteries at the
base of the pia. He 2l1s0 classifies two

forms of hemorrheages characterized by: (1.)
extravastion of erythrocytes into the peri-
vascular sheaths and nearby cerebrel tissue,
and (2) large hemorrhages. Rosenbleth had
exphesized thet in meny ceses one cennot
judge by external aprearance in which part

of the brain the hemocrrhage had occdrred, and
that the hemorrhage did not obviqualy displace

& considereble amount of brsin substence. On
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the other hand Bohne's contrary stetement
is not sgeinst the presumction of a pre-
ceding necrcsis.

Westphal and Bar (1926) studied
the problem of apoplexy 2nd obtzined re-
sulte similar to Rosenblath, however, they
tried to replesce his hypothesis of a chemical
noxis destroying the brasin tissue by another,
which seemed more in accordance with clinical
findings. Westphal's view is substentisted
and buildt on certain fects. Spasm of the
retinsl vessels has been observed occesion-
ally in patients with arterial hypertension,
end in whom certain parsdoxical micro-capillary
reactions have been observed. There was no
"reactive hyperemia™, but rather angiospasm
after arterial compression. Moreover, it is
true that spoplexy is often preceded by minor
fits, which obviously do not lead to a gross
hemorrhage. From these facts, combined with
the anatomical findings, Westphal drews the

conclusion th~ot in erterirl hypurtensicon, &
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local arterial spasm producing ischemie

and necrcsis precedes the hemorrhage. This
hypothesis mecessitates the assumption

that the cause of the necrosis of the
artery is a preceding arteriospasm, and
that bemorrhage follows the orterionecrosis
with subsequent tissue necrosis. Westphal
mentions cases in which the cliniecsl pice-
ture was that of & typical stroke with
following paralysis in & patient with
arterial hypertension,and in which at
post-mortem neither a lesion in the brain,
nor an obstruction of the vessels wes found.
In such coses a transitory ischemia due

to 2n arterial spasm may have produced the
stroke. Jaffee (1927) studied the vessels
in the cese of =z gross cerebrasl hemorrhage
occuring in en eclemptic womsn of thirty-
three, who hed high arterizl pressure and no
signs of arterie~sclerosis. He followed

Westphal's thecry. Globus znd Strauss
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We can only say that the scme diseases
which tend to groduce softening and diffuse
proliferative changes in interg$181 tissue
also leads to hemorrhages. The immediately
ceusal connection between the two processes
postuli:ted by Westphel is not proved.

Westphal's view is fairly typi-
cal of current opiniocn regarding our pre-
sent subject. While in the classical
literature hemorrhage was slmost identical
with vessel rupture, and softening with
thrombosis, the conception of transient
"fébtional" vescular disturbences has
domins ted recent work.

It is, howevcr, often very
difficult to differentizte clearly between
unfounded eonjectures and fruitful theories.
Therefore, it is necessary to inguire why
the basis of a direct causel connection be-
tween a visible organic lesion of a vessel

and the resultirg brain lesion was aban-



doned in favor of a much vaguer and
less=defined conceptions.. It is quite a
common experience in morbid anatomy

that there may be no immediate connection
between the degree of arteriosclerosis

on oné side and the amount or number of
hemorrhages and softening on the other.

One may find on the one hand extensive

and numerous lesions in a brsin with only
slight diseese of the vessels, and on the
other no gross lesions in a brezin with

severe srteriosclerosis(Neubruger 1926).

If a2 comparison is made in arteriosclerotic
brains betwéen the extracerebral vessels

in an aresa of high vulnerability, such as

the pons, and those of a very resistent

area near to it, as the hypothalamus, the
degree of artériosclerosis ié found to be tre
same in both. Such observetion deal only with
a gross examination of extracerebrel vessels.

In regard to the intracerebral vessels, the



occurrence of cerebral necrosis in the ab-
sence of visible obstruction is reported

by a number of different observers. otudy
and reporéicases of cerebrzl softening in
which serial sections of the arteries to

were made, ,

the softened area%,did not reveal the pres-
er.ce of cither thrombosis or obliteration.
Unfortune tely, these cases sre only mentioned
without detzils in 2 discussion. 3Spielmeyer
(1924 ) as cited by Globus and Strauss (1927)
reported cases of zrteriosclerosis with
nec¢rcetic areas of apparently the s=zme age
scattered a2ll over the cortex in which the
srteries supplying these areas showed no
recognizable change. He spesks of "vaso-
motor" disturbances in cerebral arterio-
Scierosis. Neuburger (1930) reporis -n ine
teresting cese of s healtbhy men of 31 vhro,
after 2 traumatic commotion with 2 lucid
interval cf on: huur, developed ¢ hemb~
iplegis =znd cied two d ys lyter. At poste-

mortem ne lesicn of the skull was found,



but there was a softening in the #rea of
one of the brznches of the middle cerebral
artery though the vessels were heslthy ond
petent. Neubﬁrger draws 2 parzllel to the
post-traumatic segmentzl arterial spasm,
wvhich has been observed in & living
patients by surgeons. In most of these
surgical cases, howvever, a lesion of a
neighboring vein seems to have preceded

the spasm of the artery. A good example

is the case in which the ligature of a
jug}ar vein was followed by a hemorrhageic
softening on the seme side. In 1927
Rosenblath described twelve cases of
arterial hypertension with cerebrzl softening
in which he found vascuiar changes similsr
to the arterio-capillary fibrosis of

Gull and 3utton (1872). But as these
vasculsr changes were not merely cone

fined to the ares of softening, it is

probable that such vascular changes were



not the immedizte cause of the necrosis. No
other obstruction of the arteries, embolic
or thrombotic, was seen. H. Spatz (1935),
as cited by Stern (1938), described a case

of cerebrzl form of Bucrger's disease in a
man of forty-three yesrs old. There were
varying symptoms of speech disorder, mentel
disturbence, and transitory paresis through-
out the seven years of illness. The anatom-
icel examination finally revealed & pro-
liferative endarteritis &nd orgenizing
thrombosis of both carotid arteries and
several of their branches, especially

the left cerebrsl artery, which resulted in
multiple diffuse lesions of the nervous
tissue. There were similar changes in

the coronary arteries. There was no evi=-
dence of arteriosclerosis. 1In the clini-
cal history there was nothing suggestive

of any gengrenous disesse of the limbs,
though there was considerable evidence

o

of froguent vesomotor disturbence of the
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extremities, such as paroxysms of cqld-
ness and lividity of hands and feet. The
blood pressure was normel. From this and
from the way in which the neurological
and mental symptoms developed, Spatz
concluded that cerebral angiospasm had
preceded the organic disesse of the vessels.
If this is so we still do not know if
the cerebrzl softenings did occur at
a stsge when the vzscular disease was
of a2 purely "functional" »& character.
A case was demonstrated with intsct ar-
teries in which there were symmetricasl
necrosis of long standing in the parie-
tal and occipitael lobes. In a case of
cerebral softening, gelatine wes inject-
ed into‘the arteries suppgéng Lbhe goften=
ed aree. The arteries showed some small
narrowings produced by arteriosclerotie
plaques, but they were otherwise patent.
From all these facts it is

quite evident that necrotic lesions of



the brain may occur without =ny associated
visible obstruction (thrombosis, embolism)
of the arteries. As the shape and distri=-
bution of such lesions sugg-st their arteri=-
al origin, they must have resulted from
transient "functional® non-organic, or
vagomotor disturbance. Thus for the patho-
genesis of a great number of the cerebral
softenings the function of the vessels
becomes more importent then their morpho-
logical picture. This view receives fur-
ther support from those cases where com-
pletely obstructed a2rteries have not czused
any necrosis; as is well known a slow
development of the obliterative process
may allow 2 sufficient anastomotic supply.
The next importaznt problem is
to determine if the same or similar tran-
sient "functional" disturbances of the ves-
sels, the nature of which is not known,
can produce not only softenings but also

hemorrheges. Lempert and Muller (1925) as



cited by G.W., Robinson (1932), have carried
out en interesting experiment regerding
the guestion of rupture of vessels by an
increase of intra-arterial pressure. In
humen bodies of subjects who died with
cerebrel arteriosclerosis they injected
fluid under 2 bigh pressure into both
carotids. Only by applying pressure of
one to two end a half atmospheres for
8ix minutes did they succeed in produc-
ing ruptures with destruction of brazin
substence by the leaking fluid. Such pres-
sures never occur in human pathology.
From the results of such experiments, and
from the histological findings of
Rosenblath (1918) and Lindemenn (1924)
it may be said that cerebrsl hemorrhage
is not likely to be the result of rupture
of one or & few rigid blood vessels
from a sudden increase in blood pressure.
There is no supporting fact

of observetion, either in the brein or in
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any other orgen, for Westphal's theory of
an angiospasm causing not only necrosis
of the perenchyma, but also necrosis of
the spastic vessel itself.

Let us elimihate the massive
apoplectic hemorrhage and consider only
the hemorrhagic infarction. By the
latter is meant the necrobiotic change
with intect continuity of tissue and numer-
ous cspillsry hemorrhage within the damaged
area. Ricker (1934), alleged by Meskins,
(1934), has shown in experiments on the
pancress end the esr of the ravbit that
necrosis does not actually occur during
the period of angiospasm and ischemia,
It occurs during the stage of spre-stesis,
when the blood stream in the pre-caspillary
and cepillary bed is extremely slowed or
when the blood flow has stopped and the
vessels are engorged. Ricker shows that if
he epp.ded to an artery a stimulus of vary-
ing charscter, the result to be observed

in the pre~«capillaries and capillaries
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Leleonging co that artery was always the
same, With a light stimulus angiospasm

end ischemia occurred. If he increased the
strength of the stimulus the arterioles and
capillaries widened snd the leucocytes took
up & marginal position and emigrsted into
the tissues through the stomata of the
capillary wall: erythrodiapedesis then
took place. At this stage the earliest
necrotic changes of the tissue were observe-
ed. If he increesed the stimulus still
further, stesis occurred with massive
erythrodispedesis. Ricker observed that
these processes occurred constantly in

the same order, and that there was no
difference if he appled chemical, mechan-
icel or thermal stimuli. He assumes that
the mechenism producing these changes is
nervous. It is not possible here to go
into any futher details of the physiology
of the circulstion, but even if Ricker's - :

findings really represent an invariable
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law, there are renssons enough to believe

th¢t these observations cannot immediately

be applied to the human brain. With this
reservation, it mey nevertheless be said that
Ricker's attempted explenation best meets

the histological picture of ischemic and
hemorrhagic infarction.

In infarction of the brain it
is possible to sce all the different stages
described by Ricker in his experiments. The
ganglion cells mey have undergone necro=-
biotic changes, the capillizries being ex-
tremely engorged; or the ganglion cells and
capillaries may show the same changes with
the leucocytes scattered through the necro=-
tic tissue; or the ganglion cells may be
unstainzble by basic aniline dyes and there
may be massive erythrodiapedesis, or there
may be erythro and leuco diapedesis in a
tissue in which the dameged ganglion cells
are still to be seen. 1In other words, all

steges described by Ricker in the living
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animal m2y be sSeen in one or other lesion
found at post-mortem of the human.

The necrosis in typicel infarc-
tions mey be confined to 2 certain part of
the grey matter, namely, the cortex or only
the lower layers of the cortex. This sharp
limitation cannot be explained by the angio-
architecture, because some of the pial ar-
teries pass through the cortex into the
deep parts of the white matter. It could be
explained by the higher vulnersbility of
the nerve cells to the ischemic noxa, a
point which is so often emphasized. But
the fact that the hemorrhage in hemorrhagic
infarction is almost exactly confined to
the area where the necrosis occurs is
hardly explained in this way. If Ricker
is correct in stating that the disturbance
in the terminal vascular areaw---- prestasis,
leucodiapedesis, erthrodiapedesis, stesis,
necrosigsea=--- is due to a stimulus to the

arterial trunk, which is transmitted to the
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periphery by & nervous mechanism it is
necessary to prove that such 2 pathologi-
cal stimulue to the arterial wall does
occur.

Consideration of this leads to
a discussion of Schwartz's (1930) theory
of embolic lesions. Schwartz, as cited by
Kreis, (1938), considers that the obstruc-
tive factor in embolism is not the deciding
factor, because it does no explain the
limitation of the small hemorrhages to
certain parts of the grey matter such as
are quite common in embolic infarction.
He believes that the true cause is the
trauma to the arterial wall by the sudden
lodgement of the embolus. This lodgement
brings about a functional disturbance in
the distribution of the artery. This
disturbance follows the same mechanism Ricker
has described in his expériments. achwartz's
extensive monograph on the pathology of
apoplexy is based on Rickers theory.

The result is that all 1lesions in
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arteriosclerosis, embolism and arterial hyper=-
tension, with the exceptions of massive
thrombotic obstructions in arteriosclerosis,
are due to pathological stimuli to the
arterial trunk, which cause by a nervous
mechanismycirculatory disturbence in the
terminal distribution. Against such an
hypothesis it must once more be cmphasiz-
ed that the circulation in the brain is

in meny ways different from that in the
organs Ricker has studied, and, moreover,
the analogy to Ricker's different steges

is only to be found in ischemic and hemor-
rhagic: infarctions, and not in massive apo=-
plectic hemorrheges such a8 are so common
in the basel ganglia, and the white matter
of the cerebrum, and in the pons. The
material which Schwartz demonstrates,
illustrates once more the inadequacy of

the classical mechenical theories. His
hypothesis, however, is insufficiently

supported by physiologiczl facts. The



bilateral and avsolutely symmetrical
softenings and smell hemorrhages in the
basal ganglia,which he shows may possi-
bly be explained by a nervous impulse
transmitted symmetricslly along the
arterial tree to its terminal branches
on both sides. Physiological evidence
in favor of this, is, however, wanting.
Again, these findings are not frequent
enough to give sufficient basis for such a
general explanation. Schwafi stresses the
morphologicel similerity between embolic
and hypertensive lesions to prove the
similarity in pathogenesis,---namely, a
shock to the arterial trunk producing -
functional disturtance in the terminal
vessels. It is known that embolus is
likely to pass along‘vessels which con-
tinue the most direct stream of blood.
As the lenticulo-striste arteries come
off the middle cerebral artery opposite

the end of the internal carotid, emboli
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passing up the carotid tend to Lodge in the
lenticulo-striate artery. This results in
emoolic lesions being found chiefly in the
distribution of the lenticulo-astriate arteries.
Ag Bchwartz found in arterial hypertension
the site of hemorrhage or softening to be in
the distribution of the lenticulo-striate
artery, he postulzted that a sudden rise in
arterial pressure passed ss a wave from the
heart along the most direct route---namely,
into the lenticulo-striate artery. If this
hypothesis is correct, it would be expected
that those branches of the basilar artery
which come off in & most direct line with
the stream of blood would be the site of
hemorrhage and softening in ceses of hyper-
tension. The vessels so placed are those
going to supply a part of the hypothalamus
including the memillary bodies. Vascular
lesions in these areas are, however, extreme-
ly rare. In fact, it should be pointed out

thet the site of vasculer lesions is come
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wonly in the distridvution of the pontine
arteries, which come off the¢ basilar artery
at a right angle or even more acutely.
Another attempt to explein the
multiple hemorrhages in areas of infarction
has been made. This suggests that the hypers
emia is reactive to the lack of oxygen in
the ischemic area, and the diapedic hemor-
rhage only s a higher degree of this re-
active hyperenia.
It is dnly to be expected that
Westphal's and Schwartz's hypothetical con-
ceptions are followed by investigators who
either returned completely tot re classical
and purely mechanical view or st least
restricted themselves more to the observa-
tion of visible changes and rejected all
other hypotheses.
In 1928, ¥. H. Mackay listed the
chief causes of apoplexy as being (1) arterio-
sclerosis, (2) bacterial infection, (3) toxic

degenerriive processes,notably chronic
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2lcoholism and syphilis. Fearnsides (1918)
has descrived aneurysmel formetion and con-
sidered them to be sometimes due to »n in-
herent weakness in the vessel wall, a local
developemental defect. Fe speaks of con-
genital weakness of the arterial wall at
junctional points. According to Turnshull
(1928) this aneurysmal formetion is not an
essential factor as the inherent defect in
the vessel wall may lead to a break in the
media without intervention of an aneurysm.
C. P. Symonds (1929) collected an imposing
series of aneurysms in young people with no
sign of cardiovascular disease, and states
that they are not uncommon. Goldflom's
hypothesis, as cit:d by nackay (1928), that
a functional vesomotor disturbance analo=-
gous to that of migraine may set up capil-
lary oozing, which arpeared to be bersed upon
insecure evidence; &8 insecure as the evi-
dence th2t hoeoks migrsin with vasomotor

instability. The sudden onset with rapidly
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developing signs cannot be conceded to be
the clinical counterpzrt of oozing, but
rather that of frank rupture whether or
not it be preceded by aneurysmal formation.
Autopsy evidence proves that aneurysm
formation is not an essential pre-cursor
of rupture. Cone and Barrera (1931)
pointed out that from a pathological
standpoint acute destruction of the

brain from outside noxious agents, as in
that occurr ing within, a reaction takes
place which in its early phsase is exuda-
tive or inflemmatory. This reaction is
frequently so intense as to suggest

that an infectious agent is operative.
This fact has largely been disregarded.

If it is kept in mind one will not be tempt-
ed to regard the changes in simple trauma
as essentially different from those in
infectious processes, a difference that is
not necessarily one of degree, but rather

of time. 1In the aseptic destruction the
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the evidence of inflemmation disappear
early; in infectious processes they per=-
sist for a longer period. In 1935

Otto Saphirs stated that anomalies of the
Circle of Willis with resulting inter-~
ruption of the circulation between the
internal carotid and vertebrzl arteries

may form the znatomicnl basis of cerebral
vascular disturbances. The recognition of
such anomzlies is significant, Dbpecause they
aid in the explanation of cerebrel hemor-
rhage and encephalomalacia on morhplogically
demonstrable grounds in the absence of
occluding lesions of the supplying arteries.
J. St. C. Elkington (1935) also draws
attention to the occurrence of cerebral
vascular accidents in healthy persons
without cardiovasculsr disease. He, too,
sugyested that they are due to a pre-exist=-
ing vasculsr anomaly. Storring (1940)
emph@gizes particularly the fact that

functional veacular spssms such as occurs



in migraine can be the cause of softening
of the brain. J.C. Paterson (1940)

noted that intimal hemorrhages in scle-
rotic cerebral arteries are similar in
structure to those described previously

in sclerotic coronery srteries. They
result not from the backflow of blood
through the defects produced by rupture

of atheromatous abscesses as were previous=
ly thought, but rupture of capillaries
derived from the mein arterisl lumens.
From his observations it appeared thzt
capill=ry rupture with intimel hemorrhsge
is intimately concerned with the mechanism
of cerebral aprterial thrombosis, =nd
possibly in certain cases, with the causa-
tion of cerebral arteriospasm and rupture.
He suggested that the factors responsible
for the rupture of th: intimel capillaries
in the cerevral arteries are high intra-
capillary pressure from hypertension,

progressive atheromstous degenerstion of the
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cupporting tissues, and increased capillary
fragility from a variety of causes. He
observed that intimal hemorrhages were
noted only in areas of atheromatous degen-
eration, so that it was reasonsble to sup=-
pose that the two are related. Many of
the hemorrhages lay at the outer borders
of the athe:omatous plzgues in proximi-
ty to the media, and it is reasonable to
suppose that the sudden disruption of.
tissues by the hemorrhages may have set

up transient spasms of the muscle coat.
The walls of the cerebral arteries are
known to be supplied by vasomotor fibers,
and local spasm due to local injuries or
influences definitely occurs. It must

be admitted, however, thet attempts to
demonstrate nerve fibers in the actual
area of the intimal hemorrhage have as
yet been unsuccessful. He also noted

that coronary and cerebral intimel

hemorrhages are not infrequently found
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in the same patient, 2 fact which s ugpestis
a common etiologic agent.

This leads to the question of
the frequency of hemorrhages and soften=
ings in certain areas and their extreme
rarity in others. If arterial hypertension
affects the vessels of all parts of the
central nervous system equally, why is it
that the resulting lesions are not dis-
tributed according to mathematical
probability? In a series of ninty-one
cases studied, the site of the lesion
was as follows: there were seven hemors
rhages and six softenings in the area of
the posterior cerebral artery, especially
in the region of the thalamus; six pontine
lesions in the distribution of the basilar;
eight lesions in the area of distribution
of the posterior communicatms artery,; three
lesions in that part of the internal
capsule supplied by the anterior choroidsl

arteries. All the remaining sixtv-one



-48=

lesions were in the distribution of the
striate arteries. Boyd (1938) in his
textbook gives a somewhat different dise
tribution. 1In the order of frequency they
are: (1) the area of the lenticulo-
striate artery; (2) the white matter of

the frontal lobe (anterior cerebral ar-
tery); (3) the pons and the cerebellum.
Schwartz (1930),as cited by Kreis {1938),
emphasizes thzt the predilective areas

are similar in apoplexy associated with
arteriosclerosis, arterial hypertension,
and embolism. There was only one exception
among his observation; the cortex wau: more
seldom affected in hypertension trhan in
arteriosclerosié or embolism. The areas
most affected are the middle of the

third of the corpus striatum and the claus-
trum, then the thalamus and the pons.

The globus pallidus and the medulla oblon-

gata extremely rarely showed lesions.
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The most common cortical lesions in
arteriosclerosis and embolism were
located in the insula, the operculum the
supra-marginal gyrus and the superior
temporal gyrus.

If it were possible to find a
common feature in the vascular supply of
all the vulnerable areas, or in that of
the most resistent parts of the
central nervous system, it would undoubt-
edly advance knowledge as to the patho-
genesis of these lesions. As early as
1874, the importance of the presence of
extracerevral arterial anastomosis was
stressed in explaining the resistence
of certain sites to vascular lesions.
Kolisko (1891),as cited by Reilly (1925),
thought that the comparatively rare
occurrence of such lesions in the area
of the anterior choroidal artery might
be explained by the acute angle at which

this wvessel branches off the carotid.
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artery. But is has already been mentioned
that the pontine vessels branch acutely
from the basilar artery and that hemor-
rhages freqguently occur from these branches.
It is therefore unlikely that the angle of
the branching is closely associated with the
cauze of the lesions. The striate and pon-
tine vessels have in common the fact that
their dismeters at their origin from the
parent vessel and at their entrance into
the brain substance are the same. These
arteries have no extracerebral anastomosis.
On the other hand the extracerebral
anastomoses so much stressed by the early
authoes are probably of importance when the
anagtomoses occur between vessels of the
right and left side. Areas receiving such
a double supply sre extremely resistant

to circulatory disturbsnce. As examples
may be cited the spinal cord, colliculi,
hypothalamic nuclei, and cortical areas

adjoining the corpus caslosum, The
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multiple ramifications of the cortical
arteries, in contrast to the striate

and pontine arteries, way cause the blood
pressure to be "stepped down" gradually,
as Boyd (1934) expresses it.

As our knowledge of the
embryological developement of the
cerebral vessels is still rudimentary,
it is not possible to decide if the
arease of high vulnerability represent
areas invwhich minute developemental
anomali%%%urIn discussing local vulner~
ability mention should be made of the
developemental abnormalities in the
walls of the cerebral vessels giving
rise to congenital aneurysms. It is
doubtful if the occurrence of congenital
obliteration of the posterior communicating
artery found in arteriosclerotic brains
with softenings and hemorrhages are
actually of as much pathogenetic impore-

tance as Saphir (1935) suggests. As



these anomelies may frequently be found
in otherwise healthy breins the cases
described by Saphir seem to represent

8 coincidence. In cases of hypertension
occurring in acute, subscute, and
chronic Bright's disease, the ares of
the besilar srtery seems to be more
often affected than other areas. This
finding may be related to cerebral edema
or repid incresse of intracraniasl pres~
sure, for hemorrhages and softenings msy
be found in the branches of the basiler
artery in the brain tumors, sunstroke,
apoplectic ventricular hemorrhage,

and cerebrel injury. There are different
theories to explein this, none of which
is as yet sufficiently substsntisted.

It was thought that a sudden displece=~
ment of cerebrospinal fluid by increased
intracrenial pressure compresses the
vicinity of the aqgueduct. It

wag also pointed out thet the basiler
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artery as it lies paraliel to a bony
surface is more exrosed to the mechani=-
cal effect of increased pressure than
other basal arteries. An idea that
there must be some mechanism regula-
ting the flow of blood to the brain
through the carotid and vertebrel
systems respectively was also cone
sidered. As the result of the massive
ventricular hemorrhege the mechsnism
becomes disturbed, and as & result,
a backflow of blood within the Circle
of %illis may take place.

As our knowledge of the
physiology of cerebrsl circulation
ig still incomplete the problem of
local vulnersbility must await

advences in physiology.
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The exact method of the
developenent of cerebrsl hemorrhsge is
not clear. There are many different
viewpoints, some of which are gquite in-
compeétible with one another, and others
of which are veriastions of another. The
various theories of the pathogenesis of
cerebrel hemorrhage may be listed es
follows:

1) ARTERIOSCLEROSIS  This regards the
arteriosclerosis of the vessel as the
fundsmental cause of hemorrhasge. The
vessel disease leads to rupture, and
hence tc hemorrhage. Rupture is assuned
to occur as the result of miliary
aneurysms which develore along the

course of the vessels (Charcot and
Bouchard) BRleeding may occur either from
one such aneurysm or it mey be the result
of several such aneurysms in adjacent

areas. Charcot and Bouchard, who are



responsible for the theory of cerevbrel
hemorrhege by miliery eneurysms, regard
the fundemental vessel change as a
"sclerosing perisrteritis™ which causes
thickening of the adventitis, with later
weakeéning and complete disappearance of
the muscular coat of the artery, followed
by an aneurysmel dilatation of the vessel
with eventual rupture. This diffuse
sclerosing pegarteritis has nothing to

do with the arteriosclerosis, according
to Charcot and Boucherd. There sre many
objections to the theory of miliary
aneurysms. Chief emong these is the
fact that hemorrhage occur in cases
which it bas not been possible to dise
cover esneurysms, even on the most carful
dissection. Purthermore, what have been
regaerded as aneurysms by some are looked
upon by others as merely menifestations

of thickening in sclerotic vessels.

2) SOFTENING THEORY: According to this



concept, hemorrhage tekes place in a region
in which there has been previous destruction
of brain tissue by softening. This so-called
pre-hemorrhagic softening presumebly is never
a complete softening, but is & disintegration
of the nervous tissue sufficient to ceuse

& diminished resistence in the brazin tissue
near g disintegrating blood vessel. This,

in the presence of & rise in blood pressure,
end rupture of the vessel,expleins the fact
that the hemorrhage ususlly is confined to

a certein circumscribed area. VWhy & previous
incomplete softening should determine the
exect locus and shspe of a hemorrhage is
difficult to understand. Brein tissue is

so goft that o hemorrhsge may eesily

destroy it even in its normasl state, and
there is no reason to s uppose thet if a
hemorrhage occurs into a pre-existing

area of softening it must necessariiy be
eOnfined to this area. Furthermore, the

theory does not explain why hemorrhage
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cccurs: it only tells where it occurs.

3) VASCULAR 3FASM  This theory was pro-
pounded by Westphal, who asse;%d that ar-
teriosclerosis is not an important feactor.
in the production of cerebrel hemorrhage.
The fundamental czuse of the hemorrbhage into
the brein is vascular spasm, which leads
to softening of the brain substance, and
mey cause a defect or even necrosis on
the =rterial wall. A rise of pressure in
& vessel or vessels in the softened ares
leads to rupture of the vessel and hemor-
thege, due to decreased resistence of the

surrounding brein tissue.

4) FERMENT THEORY According to this cone
cept, the primery Pprocess in the cerebral
hemorrhage is softening of the brzin
tissue due to the action of a2 ferment or
enzyme, which is probably the result of
kidney disease. By means of this ferment
the brain tissue is softened and becomes

necrotic. The vessels are d estroyed and
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the parenchymatous tissue also, snd hemor-
rhage results from the necrotic vessels

in the destroyed area.

5) DIAFEDESIS THRORY This concept is
advocated by Ricker and Schwartz. It
aggumes that, s & result of nervous
impulses pleying on the cerebrsl vessels,
there follows ischemisa or snemia and stasis,
depending on the degree of severity of the
reaction. In the stege of stesis, diape=-
desis of red cells tskes place through the
capillary walls. This leads to massive
hemorrhage in the brein by confluence or

by involvement of larger vessels.

Whatever the actual stete
of effairs in the production of cerebrel
hemorrrage, whether it be due to miliery
aneurysms, pre-hemorrhagic softening,
enzymes, or spasm, the fact remeins that
hemorrhage occurs in persons with normsl
as well as diseased blood vessels, under

conditions which accompany a sudden rise
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of pressure,vhich is too great for the
vessels to bear, with rupture and
hemorrhage resulting. Obviously,

whatever the exact mechanism, hemorrhage
cannot occur without rupture of the vessel.
It is probable that not all hemorrhages
have the same mechanism. In the hyper-
tensive cases miliary aneurysms undoubt-
edly account for some of the cases; erosion
of the vessel walls from other, causes for
others. In cases of embolism & rupture of a
weakened vessel is at the bottom of the
trouble. And in other cases a congenitally

weak vessel is the cause.

CONCLUSION

In looking over the subject
of the pathogenesis of apoplexy, the im-
pression is obtsined that a limit has been
reached which purely descriptive investigs-
tion cannot pass. It has been shown that

the original mechenical theories of the
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early authors had to be sbendoned in

view of more resent findings, and it now
appears as if cerebrel softenings are not
neé%sarily the result of obstruction of

the arteries, and the concept that cerebrel
hemorrhage is due to rupture of rigid or
deformed vessels by internal strein is not
sufficiently supported by facts.

The role of the veins in the
pathogenesis of apolplexy has been much
neglected, due to the fact that little is
known about the normal anatomy of the
intracerebral veins.

Since embryoclogical defects
offer an explanation for the pre-dilection
of certsin sites for hemorrhage, 3 more in-
timete emiryologicsl study mey be under-
taken with adventege. It appears probable
that investigations directed to correlate
the different clinical forms of hypertension
and the pathology of the brain may be

fruitful.
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The existence of a large
emount of theories merely proves that
none of them is adequate to explein
all the facts. When the knowledge of
the physiology of intracrenial circu-
lation has proceeded further, & better

expleanation of events may be availsble.



IBLIOGRAPHY

Apfelvach, Carl ¥ June 1940 Deadly Disease
Number Five Hygiea Vol PP. 518-523

Aring, C.D. and Merritt, H 1935 Differen-
tial Diagnosis between cerebral Hemorrhage
and Cerebral Thrombosis Archives of In-
ternal Medicine Vol 56 pp. 435-440

Boyd, William A Text-book of Pathology
pp. 886-897 Lea and Febiger Philadelphia
1938

Boyd, William The Pathology of Internal
Disecases Yea and Febiger Philadelphia
1936

Bouman, L Feb. 1931 Hemorrhage of the
Brain Archives of Neurology and Psychiatry
Vol. 25 Pp. 254-272

Buzzard, Z.F. Sept. 1935 Hemorrhage and
Thrombosis Brit. M.J. Vol 2
pp. 464-466

Cabot, R.C.
8) Dec. 1926 Primery Hypertension and
Cerebral Hemorrhage Boston Medi=-

cal and Surgery Journal  Vol. {95
pp. 1113-1116

b)Oct. 1928 Come---Cause? New
England Journal of Medicine Vol. 199
pPp. 736-740

c¢) April 1930 Cerebral Hemorrhage
New England Journal of Medicine Vo0l.202
pp. 734-4737

d) May 1931 Essential Hypertention---
Cerebral Hemorrhage New England
Journal of Medicine Vol. 204 pp. 998~
1000

e¢) May 1934 Cerebral Hemorrhage New
England Journal of Medicine Vol. 210
pPp. 967-969 and 1127-1129



Cecil, Russel A Text=-book of Medicine
Affections of the Blood Vessels of the Brain
by E.D. Priedman pp. 1400-1418
W.B.Saunders Company Philadelpha and
London 1939

Chase, W.H. Dec. 1937 Hypertensive Apoplexy
amd its Causation Archives of Neurology
and Psychiatry vol. 38 Pp. 1176-1189

Cobb, S 1931 Cerebral Circulation - Bnd
Arteries Archives of Neurology and
Psychiatry Vol 25 pp. 731- 136

Collier, J 1931
a) Cerebral Hemorrhage due to other Causes
then Arteriosclerosis British Medical
Journsl vol. 2 pp. 519-521 Sept. 19
1931
b) Abstract of above article Iancet
Vol. 2 Sept. 5, 1931 pp. 583-535

Cone, William, and Barrera, S.e. 1931 Brain
and Cerebrospinal Fluld in Acute Aseptic
Bmbolism (Cerebral) Archives of Neuro-
logy and Psychiatry Vol. 25 pp. 523-525

Cooke, John A Treatise on Nervous Diseases
Wells and ELilly Boston 1824

Copeland, C.L. Oct. 1934 Intraventricular
Hemorrhage Iancet . :Vol1 2 .'pps: .757=-758

Craig and Adson Aug. 1936 Spontaeous Intrae-
cerevral Hemorrhage Archives of Neuro-
logy and Psychiatry Vol. 35 pp. 701=716

Dana, C. L. 1903 Intracranial Hemorrhage,
Embolism, Thrombosis Stedman's Twen-
tieth Century Practice ¥ol. 10

BElkington, J. St.C. Jan. 1935 Cerebral Vas-
cular Accidents Unassociated with Cardio-
vascular Disease Lancet vol. 5 pp. 6-11



=6C4=

Globus and Strauss 1927 Massive Cerebral
Hemorrhage, its Relation to Pre-existing
Cerebral Softening Archives of Neuro-
logy Vol. 18 pp. *15-239

Greenacre, P 1917 Cerebral Hemorrhage
John Hopkins Hospital Bulletin Vol. 28
ppo 86-91

Harris, W April 1938 Stroke
Practioneer Vol. 140 pPp. 381=-387

Hassin, George B 1927 Pathogenesis of
Cerebral Hemorrhage; Its Relation to

Symptomotology Archives of Neuro-
logy and Psychiatry Vol. 17 pp. 770-
782

Howell, J Feb. 1937 Vascular Accidents
British Medieal Journal Vol. 1
PpP.225-2568

Jamison, C. May 1933 Medigal Aspects of
Apoplexy Southern Medical Journal
Vol. 26 PP. 431-433

Kreis, B Btiology, Pathogenesis and Treat-
ment of Apoplexy Medicine (supp)
Oct. 1938 Vol. 19 pp. 1-40

Lecount, B.E. and Guy, C.C. Dec. 1925 Clini-
cal Differentiation of Spontaneous Intra-
cerebral Hemorrhage and Uremia Journal
of the American Medical Association
Vol. 85 pp. 2003-2805

Ley, J. 1931 Cerebral Hemorrhage Journal
of Neurology and Psychiatry Vol. 31
pp. 497-506

Mackay, F*H. Sept. 1928 Spontaneous Cere-
bral Hemorrhage Canada Medical Association
Journal Vol. 19 PP. 318-324



Maclean, M June 1928 Hemorrhage from
Arterial Malformetion ILancet
Vol. 1 pp. 1279-1281

Mackenzie, S.M. May 1933 Fatal Hemorrhage
in Young Adults British Medical
Journal Vol. 1 pp. 824-828

Mayer, E.E. transalation of Oppenheim, H
Diseages of the Nervous System
J.B. Lippincott Company Philadelphia
and London 1900 pp. 500=525

Meakins, J.C. Dec. 1934 Arteriolar Infarce
tion (Hemorrhage associated with Hyper-
tention) Annals of Internal Medicine

Merritt, H.H. Sept. 1935 Differential
Diagnosis between Hemorrhage and
Thrombosis Archives of Internal
Medicine Vol. 56 pp. 435~456

Neuburger, K Dec. 1926 Vasomotor Dise
turbances Journal of the American
Medical Association Vol. 87 pp. 1955=57

Paterson, J.C.
a, 1936 Vascularization and Hemorrhage
in the Intima of the Arteriosclerotic
Coronary Arteries Archives of
Pathology Vol. 22 PpP. 313-325

b. 1940 Capillary Rupture with Intimal
Hemorrhage in the Causation of
Cerebral Vascular Lesions Archives
of Pathology Vol. 29 pp. 345-354

Perkins, 0.C. May 1933 Apoplexy Annals
ofgInternal Medicine Vol. 6 pp. 1386=
1392

Ravine, W, March 1933 Brain Hemorrhage
due to Infection EBpidemic Journal
of Medicine Vol. 14 pp. 17-20



~66=

Reference Book of Medical Science Vol. 11
135t v and edidions Cdited by AR Douelkk. 3-d editon
by TL. Stedman New Yorl W.Wood v Co. 1a13-1 7.

Redwood, F.H. Sept. 1937 Intercranial

Hemorrhage Southern Medical Journal
Vol. 30 pp. 886- 888

Reilly, Thomes P. Aug. 1925 Ultimate Cause
of Most Apoplexies Medical Record
Vol. 122 ppr. 140=143

Robinson, G.W. Jr. June 1932 Encapsulated
Hemorrhages--Frequency and Pathology
Archives of Neurology and Psychiatry
Vol. 27 PP. 1441-1444

Sands, I.J. and Lederer, M. April 1927
Intraventricular Hemorrhage Journal
of Nervous and Mental Diseases Vol. 65
PP. 360~371

Saphir, Otto 1935 Anamalies of the Circle
of Willis with Resulting Encephalomalacia
and Cerebral Hemorrhage American Jour-
nal of Pathology Vol. 11 pp. 775-785

Schultz, 0.7T. Oct. 1635 Sudden Death Due
to Hemorrhage into Silent Cerebral
Gliomas American Journal of 3Surgery
Vol. 30 Pp. 148153

Shennan, T. 1915 Miliary Aneurysms in
Relation to Cerebral Hemorrhage Edin-
burgh Medical Journal Vol. pp. 245-254

Sisto, P July 1935 Cerebral Hemorrhage As
a 3Sequel to Hypertension Archives of
Neurology and Psychiatry Vol. 2
pp. 33-41

Stern, K Jan. 1938 Pathology of Apoplexy
Journal of Neurology and Psychiatry
Vol. 1 pPpP. 26=37

Storring, Gus EB. 1940 Apoplexy in
RBarly Life Archives of Neurology and
Pgychiatry Vol. 43 Pp. 1022-1024



-68-

Tessell, P. Dec. 1932 Apoplectic Hemorrhage
and Softening of the Brain Hygiea
Vol. 94 pp. 934950

Tice, F Practice of Medicine Vol. 10

Vascular Diseases of the Brain _gp. 96=106
B.d. Ajpers. W.F. Prior Co. Hagerstown,
Ma-rylnnaL 1931.

Tucker, B.R. April 1930 Prevention of
Apoplexy Southern Medical é&nd Surgery
Journal Vol 92 ppP. 239-242

Webster, 3. J. Nov. 1929 The Diagnosis and
Etiology of Apoplexy Ohio State Medical
Journal Vol. 25 ©pp. 871-878

Wechsler, I.S. A Textbook of Clinical Neuro-
logy W.B. Saunders Company Philadelphia
and London 1939 pp. 356-380

Westphal, X and Bar, R July 1926 Pathology
of Apoplexy Journal of the American
Medical Association Vol. 87 pp.
133-137

Wilson, J.C. A Handbook of Medical
Diagnosis J.B. LiIppincott Company
Philadelphia and Iondon 1909
PP. 1267=-1273

Wilson, George and Winkelmann, N.W. 1926
Pontile Bleeding in Traumatic and None
Traumetic Cerebral Lesions Archives of
Neurology and Psychiatry Vol. 15
pPp. 455-459

Wolff, H.G. and Lennox, W.G. 1930
Cerebral Circulation Archives of
Neurology and Psychiatry ¥ol. 23

bp.
Yater, W.M. The Fundamentals of Internal
Medicine D. Appleton-Century Company

New York and London 1938 Pp.87-90



	Pathogenesis of apoplexy
	Recommended Citation

	scan0001
	scan0002
	scan0003
	scan0004

