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THE BRAIN CHANGES IN ELECTRICALLY INDUCED
CONVULSIONS IN THE HUMAN*

BERNARD J. ALPERS, M.D.
AND
JOSEPH HUGHES, M.D.
[Phitadelphia)

The widespread use of electrical convulsion treatment in the psychoses makes
it essential to know what happens to the brain aflter such treatment. Apart
from the academie interest in such observations, the matter is of great prae-
tieal importance in view of the prolonged confusional state which develops after
this treatment, suggesting that structural damage is produced by the treat-
ment.  For this reason the autopsy report of two cases which died following
dleetrical convulsion treatment seems to be of particular importance.

CASE REPORTS

Case 1. M. . Philadelphia State Hospital. Reg. No. 51103, Paranoid dementia praecox
inoa woman of 45, Eleetrical convulsion treatments, 62 in all, over a period of 5% months.
Numerous punctate hemorrhages in the cerebral cortex, medulla, corebellum and basal ganglia.
Areas of pertvascular edema and neerosis.

History. The patient, a 45 year old Polish woman, was wdmitted to the Philadelphia
state Hospital on December 31, 1140, Her past history was not important.  She had come
1o this country 25 years previously, had married and made @ good wife, she had two chil-
dren, and was deseribed as an introverted type of personality.  Early in December of 1940
she beeame withdrawn, spent much time in prayer, and talked constantly to herself. She
heeame delusional maintaining that the stars were leading her, and aceused her hushand of
She beeame abusive and quarrelsome.  When admitted

infidelity and of being the devil.
She was

to the hospital she was agitated and talked constantly in a disconnected manner.
suspicious, irascible, antagonistie, and elearly delusional, hallueinating both in the audi-
tory and visual spheres,  Her sensorium was clear.

Eramination both physically and neurologically was negative.
The Wassermann reaction of the blood and cerebrospinal fluid was negative.
sugar was 77 mg. per cent and the blood urea, 15 mg. per cent.

Course and Treatment. The patient continued unchanged for some time. She was
resistive, restless, sometimes mute, and usually inaceessible.  Eleetrie shoek treatments
were started on February 3, 1941, about two months after her admission to the hospital.
After a course of twelve generalized convulsions and six sub-convulsive treatments the
She appeared also to have gained

Urinalysis was normal.
The blood

patient appeared brighter, more alert, neat and tidy.
some insight but seemed clouded and her memory for events in the reeent past remained
On the insistence of her family and against advice she was paroled May 17, 1941 but
was returned to the hospital two days later after a suicidal attempt.  She was again given
forty-four more cleetrie shoek treatments and again became quicter. Thereafter her be-
havior varied: she was quiet at times, and at others disturbed. In October 1941, about
seven months after her second admission, she developed signs of eardiae failure and bron-
chopneumonia.  She died on Oetober 17, 1941,

poor.

* From the Department of Neurology, Jefferson Medieal College, Philadelphia, and the
Aided by a grant from the John and Mary R.

Institute of the Pennsylvania Hospital.
Markle Foundation of the Pennsylvania Hospital.
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The bratn weighed 80 grams. The pig-arachnoid over both frontal lohes was mark- i
|

ents from Febrygy, !
; jlv thickened and the anterior half of the sagittal fissure was obliterated by adhesions e

vulsions; the Othep
carule at intc'r\'-lh

he subarachnojg
n.

Fia. 3. A perivascular hemorrhage in the white matter of the cerebellum (4), and a i
<milar hemorrhage at some distanee from the ependyma of the lateral ventrieal (). &
o

Hematoxylin and cosin stain. : j
e i

1l white mattoer '
! . . . ) . . . . L4

] % - Fra. 4. A vessel in the white matter showing the rarefaction of the adjaeent brain e i
nd seven days . el Vo DY Fe: I g
- tissue and phagoeytes eontaining hemosiderin (A), and similar but less marked changes (B). ; i
‘ Hematoxylin and cosin stain. i
t index finger, l {
ditis with cho- ‘ 5 : ‘
¥ith cho H hetween the two hemispheres. The blood vessels were normal in appearance.  Coronal 4

seetions of the brain and brain stem revealed no abnormalities.
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Summary.  The patient received in all sixty-twoelectrie

4, 141 to July 26, 1941. Of these, forty-six were followe
sixteen resulted in no convulsive attacks.

shock treatments from Fe
d by general convulsions
The treatments were given as a rule

brugyy
i the othg,
at interyy|,

Fra. 1. Anarea of the eortex under low powe

rshowing hemorrhages in the subar
space and in the subjacent cortex (ease 1).

! 1 1 achnoid
Hematoxylin and eosin stain.,

Fig. 2. Congestion of vessels and perivaseul
(4) and well shown in B, Hematoxylin

ar hemorrhages in the cercbral w
and cosin stain.

hite matter

of two days, exeept for a fow periods when they were spread out at five and seven days
intervals. She died about two months after the last treatment.
Necropsy findings, general., Bronehopneumonia, osteomyelitis of the right index finger,

edema of the left leg, mark ttion of the liver, and choleeystitis with cho-

ed fatty degener:
lelithiasis were found,
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Microscopic anatomy.  Histologiceal examination was made of all parts of the
cortex, the cerebellum, and brain stem by lmmutn.\'.\'lin-unsin, cresyl viole
and Weil stains. The Pria-arachnoid was greatly congested, hyt the
generalized and varied in degree from one part to another. [In g few areas free hlgog W
seen in the subarachnoid space and in the subjacent lamina zonalis of the cere
(fig. 1). Generally speaking however,
The cerebral corter and the
remained unafieeted, while
capillaries. 1In the cong
white matter there Wi

congestion wy

bral Cortey
lwmorrhugv into the meninges was not Prominep
white matter showed areas of foeal congestion. Large Portiong
others showed marked congestion of the arterioles, venules, an(d
ested areas mainly, and algo in other portions of the cortex an

ere two striking changes: 1. perivascular hemorrhages of varying
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Fig. 5. A group of vessels in the white matter showing phagoeytes containing hemo-
siderin around the vessels (4 and B), and a eluster of glial cells’in the adjacent brain
tissue (). Haematoxylin and eosin stain,

size and age (figs. 2 and 3). Some of these hemorrh
lying free in the perivasceular space; others were |
the lesions varied, In some hemorrhages the red cells were well-presery
siderin was found free and within phagoeytes, and in still others the
ous stages of (lisintogru!im]; 2. perivaseular edems. Se
vessels were found chiefly in the white matter (fig. 4). The perivaseular spaces in such
instances were greatly dilated.  Sometimes they contained phagaeytes filled with hemo-
siderin. The brain tissue around the dilated perivaseular spuces was rarefied and par-
tially destroyed and in some places astroeytes were found forming a wall around such areas
(fiz. 5). These hemorrhages and areas of perivaseular rarefaction and edema were found
chiefly in the frontal and temporal areas. Hemorrhages were scen also in the thalamus,
medulla, and cerebellum.  In the floor of the fourth ventricle of the medulla Wias an enor-
maously dilated vessel, with small punetate hemorrhages under the ventrieular lining. An

ages consisted of only 4 few red cells
arge punctate hemorrhages. The age of
ed; in others hemo-
red eells were in vari-
attered areas of edema around the

Cerelyy)
t, toluidip blye

S not
iy

S

B R.“

peeasional punet
cortex were norr

Comment.
of hemorrhagt
That these fin:
given in this
in the brain.
and what is m
destruction wl
garded as the
contained pha

In any even:
tion of the fa
structural dan
similar to one
sume that this
which were giv

That the br:
treatment by
second case in
received only :
as in the first
an opportunit
months after

Case 2. R. I
Nix eleciric shoe
of old perivascul

History. Av
for Mental Dise:
sive psychosis o
tial.  She had p
fifty-two years.
ized by agitation
developed one. y
lowed by recow
menopause, dev
The fourth atta
tation and depr
age of seventy-1
the hospital.

Ezamination.
the right eye.
tolic. Retinal :
nothing signifie:
all negative.

The patient -
depressive psyel

Course. The




parts of the cepely,
violet, toluidiy !nlml
Leongestion wy Mot
areus free blaad s
i the cerebral ey, .
4. Was ot promine,
ton.  Large POrtiog,.
terioles, venules, wnd
ms of the cortey |
aorrhages of varying
';'g . ;r }!:v'

ey

b
e x%ﬁ

es containing hemo-
n the adjacent brain

f only a few red cells
wrhages.  The age of
rved; in others hiemo-
‘ed cells were in vari-
of edema around the
seular spaces in such
tes filled with hemo-
as rarefied and par-
all around such areas
ul edema were found
Iso in the thalamus,
nedulla was an enor-
ntricular lining. An

BRAIN CHANGES IN ELECTRICALLY INDUCED CONVULSIONS 177

«asional punetate hemorrhage was seen in the cerebellum. The nerve eells of the cerebral

srex were normal. The cortieal arterioles were thickened,

(omment.  The foregoing case is the first reported instanee, so far as we know,
i hemorrhages in the brain attributable to electrical convulsion treatment.
That these findings are not the result merely of the large number of treatments
siven in this ease is shown by the fact that lesions of varyving age were found
i the brain. In addition to recent hemorrhages, there were older hemorrhages;
.l what is more important, there were arcas of perivascular edema and tissue
Jestruetion which represented old lesions and which might conceivably be re-
erded as the end result of the perivaseular hemorrhages since some of them
sontained phagoeytes with hemosiderin.

[n any event, the importance of the ease lies in that it offers a clear demonstra-
von of the fact that olectrical convulsion treatment is followed at times by
smetural damage of the brain.  Whether all cases show a degree of damage
imilar to one recorded in our case, is not known. It would not he fair to as-
aume that this is so, sinee fow cases are subjected to the number of treatments
which were given in this instanee.

That the brain changes deseribed in this ease are not the mere result of over-
neatment by clectrically induced convulsions is shown by the tindings in the
weond ease in whieh death oceurred five months after the last treatment, having
weeeived only o total of six treatments. The brain changes, while not as severe
< in the first case, were of the same type and distribution.  This ease affords
an opportunity therefore to study the effect of convulsive treatment ax seen five
months after the ecessation of such treatment.

Case 2. K. K. Pa. Hospital No. 12536, Repeated attacks of manic-depressive paychosis.
Sir eleetrie shock treatments.  Death 5 months afler cessalion of trealment.  Scattered areas
af old perivascular hemorrhage, glivsis, fibrosts, and rarcfaction ch tefly in the white matter.

History. A widow, aged seventy-nine years, was admitted to the Pennsylvania Hospital
for Mental Discases for the third time on August 2, 1040, with a diagnosis of manic-depres-
sive psychosis of a mixed type. The history of her previous physical health was unessen-
tinl,  She had passed through her menopause twenty-seven years previously at the age of
fifty-two years. Her first episode oecurred at the age of forty-six years and was echaraeter-
izod by agitation and depression.  Recovery took place in ten months.  The second attack
developed one year after recovery from the first; it was similar in character and was fol-
lowed by recovery in twenty months. The third episode ocenrred at the time of the
menopause, developing three and one-half years after recovery from the second attaeck.
The fourth attack took place ut the age of sixty-three and again was charaeterized by agi-
tation and depression.  Recovery was followed by well being for twelve years when at the
age of seventy-nine years she again beeame depressed and suicidal and was readmitted to
the hospital.

Eramination. There were bilateral eataracts with almost complete loss of vision in
the right eye. The blood pressure varied hetween 150 and 180 svstolic over 80 and 90 dias-
tolic. Retinal arterioselerosis was present.  Apart from this, the examination revealed
nothing significant. The laboratory data (urinalysis, blood eount, blood chemistry) were
all negative.

The patient was agitated, confused, depressed and delusional. A diagnosis of manie-

depressive psychosis of a mixed type wus made.
The patient remained agitated, depressed and confused most of the time, with

Course.
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periods of mild improvement
There was no materiy] e
cleetrie shoek therapy

being noted especially in th
hange in her condition, howe
was therefore contemplated.  Her blood pressure w.
this time: 130 systolie and 60 diastolie; the heart was not enlarged, and an o
Bram was negative.  Eleetrie shoek treatment was, therefore, decided upon,
given six eleetrie shock treatments from January 15, 1041 to February 19th,
which she improved sufficiently to be allowed to leave the hospital for
She returned a month later onee more in o depressed state,
shoek treatments at this time.
suddenly July 22,

e deerease of hor e
ver, in the course of five monthg,

She .

a cataract oper,
She received no more
Signs of eardine decompensation developed and ghe dieq
IMT about four months after her last admission, her death h:wing ha
1o apparent relation to the eleetyie shock treatments.

Necropsy Jindings, general. There
heart disease and mesenterie

Brain, gross. There w
in both frontal ares
ing of the vessely

ation,
cleetrie

was generalized arterioselerosis, :n‘lm‘irm(.’lcrutir
thrombosis.

as nothing abnormal except for a considerable ¢
s, thickening of the pin-arachnoid in the
at the base of the hrain.

ortieal atrophy
frontal regions, and thiekey -

F1G. 6. (Case 2). Late (-iT('_uts
and collections of hyaline bodie
hemosiderin (5). Hematoxylin

as shown by vessels with {ibrosi
s in the adjacent brain tissue (4)
and eosin stain, )

s, perivascular edema,
 and phagoeytes with

Microscopic analomy.  Histologieal study of the brain revealed a combination of fresh
and old lesions,  The meninges showoed nothing abnormal except for a few seattered minute
areas of fresh hemorthage.  The red cells were well preserved in these areas, indicating
that the hemorrhage was probably agonal, The cerebral corter showed generalized seler-
sis of the arterioles throughout the cortex. The nerve cells of the cortex exhibited minor
changes.  Ischemie and chronie eell changes were found in parts of the cortex, and areas of
foeal cell loss were found here and there in the third layer of the cortey. Congestion of the
vessels was scen in some parts of the cortex, and rarely was there encountered a small areq
of fresh perivascular hemorrhage composed of fresh red blood cells.  For the most part
the eerebral cortey showed little ovidence of damage from eleetr al convulsion treatment.

In the white matter of the frontal, temporal, motor, and parietal cortex there were found
numerous areas of perivascular damage.  These were definitely old and consisted for the
most part of dilatation of the perivaseular space in whiel, lay phagoeytes containing hemo-

siderin pigment. These wore seattered here and there in the white matter,
vessels there was gliosis in the adjacent white matter.  In still other inst
lar fibrosis was present, composed of an increase of fibroblasts
phagoeytes containing hemosiderin (fig. 6).
adjacent white matter was rarefied
in the white matter surrounding

Around some
ances, perivaseu-
among which were seattered
Around the dilated perivaseular areas the
and often showed evidenee of destruction.  Seattered
the affected vessels and often extending into it for some

Pressio,_
an
48 normy] g
!vctmcm‘diu.
s
1941, fullm\'ing

distas
stains

Fr
lar he
of the
prese
integ
hemo

Co
cedir
giver
oeeu
The
agon
signs
able
of ol
in th
conv
can t
whice
foun:

H
Jdesel
hemu
cats
heme
findi
Thex
rabb
the 1
stem
neigl
VeSSt

Tl
exter
mon
treat
culay
pons
foun
vulsi
of ol
Tl




HITGHES

s deerease of hep deprossiog,
lie course of five months, 4y,
dood pressure was norme| .,
Jarged, and an cleetroen p;,,
ore, decided upon,  Sp. Wi
‘ehruary 10th, 1041, frl”u\\”,:
pital for a eatarncet ODer L,
She received no mope eleety,
ttion developed and she g
iission, her death having 1y,

‘rloselerosis, arterioselepoy,.

onsidernble cortiea] aroply
rontal regions, and thickey,

wosis, perivasenlar odemy.
(4), and phagoeytes witl,

led & eombination of frosh
for a few seattered minute
in these areas, indieating
showed generalized seloro
he cortex exhibited nminoj
of the cortex, and areas of
ortex.  Congestion of {he
eneountered a small arey
vells.  For the most part
eal eonvulsion treatment.
il cortex there were found
old and eonsisted for the
Joeytes containing hemo-
‘e matter.  Around some
her instanees, perivase-
mg which were seattored
1 perivaseular areas {he
destruetion.  Seattered
tending into it for some

i BRAIN CHANGES [N ELECTRICALLY INDUCED CONVULSIONS 179

Gstanee were hyaline aroplets or small amyloid hodies of viarying size and nunmber,  Wajl
<rains revealed no signs of perivasenlar demyelination,

Fresh hemorrhages were found in the brain stem. They were seen g minute perivasen-
lar hemorrhages in the fegmentum of the pons, in the floor of the medulla, and in the witlls
of the third ventriele. Al these hemorrhages were fairly recent,  The red eells were poorly
preserved in most of the greas of the hemorrhage, hut in no place were they completely dis-
integrated and no evidenee of hemosiderin pigment could he seen anywhere among the
hemorrhages.

o ——

Comment.  The circumstances in this case differ from those noted in the pre-
ceding one, for in this instance only a few eloetyieal convulsive treatments were
given, the last treatment being administered about five months hefore death

; oecurred. The brain in this ease showed evidence of ol and recent lesions.

' The punetate hemorrhagoes found in the brain stem must he attributed to recent
agonal changes which bore no relationship to the convulsive treatment, No
<tens of a breakdown of the red blood eells eonld be found ; henee it SOCMS reason-
able to assume that the hemorrhages were agonal.  On the othey hand, the areas

‘ of old perivaseular hemorrhage, fibrosis, gliosis and rareflaction of tissue found
in the white matter of the cerebrum seems traceable direetly to the effects of the
convalsive treatment in view of their similarity to those found in Case 1. Nor

{ can the older perivaseulay changes be attributed to the cerehral arteriolosclerosis
which was found in the cortex, since such changes are not in our experience
found in uncomplieated cerchral arterioloselerosis,

. DISCUSSION
Hemorrhages in the eains of cats subjected to cleetrieal convulsions have heen
’ deseribed by Alpers and Hughes (1) who found evidenees of subarachnoid
hemorrhage and seattered punctate hemorrhages in the hrain. Among thirty
vats they found fourteen with subarachnoid hemorrhages and nine with brain
. hemorrhages. No hemorrhages were found in the medulla o the pons.  Similar

‘ findings have heen recorded more recently in rabbits by Weil and Heilbrunm (2).
They found changes in the Yenous system in twenty-five out of twenty-cight
' mabbits subjected to eleetrical convulsions. Hemorrhages were found within

. the meninges of the hrain and spinal cord and within the substance of the brain

| stem and spinal cord as well,  The hemorrhages were confined to the immediate

neighborhood of the capillaries and veins and were eaused by rupture of the

' vessel walls.

| The findings in the two herein reported eases differed in degree and to a lesser
extent in loeation.  Case 1 had sixty-two elecetrieal convulsions during five

i months and died three months after the last treatment; Case 2 had six convulsive
treatments, dying five months after the last treatment. [y Case I recent perivas-
cular hemorrhagoes predominated, chiefly in the cerchral cortex, white matter,
pons, medulla, and basal ganglin,  Areas of old perivascular hemorrhage were
found in the white matter. In (ase 2 no hemorrhages attributable to the con-
vulsive treatment woere seen, but in the cortical white matter there were areas
of old perivaseular hemorrhages similar (o those seen in Case 1.

1 The importance of Case 1 [es in its demonsteation of fresh and older hemor-
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rhages hoth being undoubtedly the result of the electrical convulsive treatment,
The significance of Case 2 is even greater than that of Case 1, for it demonstrates
first of all, that damage to the brain may result from relatively few treatments
and that such damage may persist for some time after the termination of treat-
ment, five months in this case.  This raises the problem whether the damage to
the brain is attributable to the number and duration of the treatments. In the
ats investigated by Alpers and Hughes (1) neither the number nor duration of
the treatments appeared to influence the degree of damage to the brain.

The presence of evidence of old damage after electrical convulsive treatment
as seen in Case 2 raises also the question whether such areas persist indefinitely
and as such form foei of potential damage which may give rise to sequelae after
the termination of treatment. It seems reasonable to assume that such perivas-
cular areas in some loeations are apable of giving rise to sequelae of one sort
or another, especially in view of the changes found in the white matter adjacent
to the vessels (gliosis, rarefaction). The elinieal attitude in such instances is
apt to be such as to aceept the hrain damage in return for immediate clinieal
relief, leaving the problem of sequelae to be decided by future events. That
such sequelae are not improbable is shown by the brain damage reported, but
whether this should deter one from use of the method is for the elinician to de-
cide in each case until the problem of after-effeets can he solved.

SUMMARY

1. Two eases treated by electrically induced convulsions are reported, Case
1 dying after sixty-two convulsive treatments, Case 2 suceumbing five months
after the last treatment.

2. In Case 1 fresh hemorrhages were found in the corebral cortex, white mat-
ter, and brain stem; in Case 2 old aveas of perivascular damage were found
chiefly in the white matter.

3. In both instances the changes deseribed appeared to be attributable to the
convulsive treatment.

1. The possibility of sequelae resvlting from the brain damage is suggested.
The cooperation of the Philadelphia State Hospital is gratefully acknowledged.
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