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The widespread use of electrically produced convulsions for the

treatment of mental disorders naturally gives rise to the question whether

such artificially induced convulsive states are associated with evidence

of damage to the brain. No observations on such changes in the human

brain have as yet been published, to our knowledge. There has been

an abundance of articles on the clinical, but none on the pathologic,
features of induced convulsions. For this reason we have studied the

brains of 30 cats in which artificial convulsions were produced by the

electric current in order to determine, in animals at least, what change

such convulsions cause in the nervous system.

MATERIAL AND METHODS

Thirty cats were given electrically induced convulsions (table). The first

group, cats 1 to 6 inclusive, received a series of 23 shocks; these were given daily

except Sundays. The second group, cats 7 to 15 inclusive, were given a series

of 18 shocks; these were also given six times weekly. The third group, cats 16
to 30 inclusive, received 10 shocks and were treated three times weekly.

No hypnotic drug or anesthesia was required in order to carry out this pro-
cedure, as the animals remained friendly throughout the experiment. From this

it was judged that they had an amnesia for the shocks similar to that which

experienced by patients.

is

The electric shocks were administered through small disk electrodes, about

5 mm. in diameter, which were held in place by a rubber band slipped over the

cat's head. In order to insure good contact the underlying hair was cut away
and electrode paste rubbed into the scalp.

The animals were shocked with a strength of current which was of threshold

value for producing the convulsive seizure. The apparatus to deliver this current

was the same as that used clinically in the treatment of patients. It consisted

of a step-down and step-up transformer operated by an electrical timing switch

This paper was read at a meeting of the American Association of Neuro-

pathologists, Atlantic City, N. J., June 9, 1941.

This study was aided by a grant from the John and Mary R. Markle Founda-
tion to the Institute of the Pennsylvania Hospital.

From the Department of Nervous and Mental Diseases, Jefferson Medical
College, and the Institute of the Pennsylvania Hospital.

385



386 ARCHIVES OF NEUROLOGY AND PSYCHIATRY

and so designed that the duration of the shock, the voltage and the milliamperage

could be varied at the will of the operator. The apparatus operated on a 110 volt,

60 cycle, alternating current. It was not possible to state exactly the strength

of current acting on the brain because of technical difficulties attending any attempts

to measure what portion of the current penetrated the skull and reached the brain

tissue. A current of a strength varying from 150 to 200 milliamperes was applied

to the scalp. It has been estimated that about 10 per cent or less penetrated the

cortex.

Summary of Data on Cats Subjected to Electric Shock Treatments

Cat Number

1.
2

Number of
Treatments

per Week
Number of

Snocks

Number of
Convulsions

Total Number

of Minutes in
Convulsions

23 15 10

G 23 19 13

3 6 23 22 10.5

4. 6 23 23 35.5

5 6 23 20 25.5

6 6 23 22 16

7 6 18 18 3.4

8. 18 18 2.5

9 18 18 4

10 6 18 18 3.5

11 6 18 18 3.8

12 6 18 18 18.5

13 6 18 18 6.5

14 G 18 18 10

15 6 18 18 10.2

16 3 30 10 2.5

17 3 10 10 5

18. 3 10 10 6.5

19 3 10 10 6

20 3 10 10 4.5

21 १ 10 10 4.5

22 3 10 10 5

23 3 10 10 4.5

24 3 10 10 6

25. १ 10 10 5

26 3 10 10 5.5

27. १ 10 10 5.5

28. 3 10 10 5

29. 3 10 10 5

30. 3 10 10 5

After the shock the animals were rendered unconscious, immediately after

which they went into a tonic and clonic type of convulsive seizure. Occasionally

convulsive seizures did not occur.

The cats were killed by section of the carotid artery. The brains were placed

in dilute solution of formaldehyde U. S. P. and were sectioned within a few hours

after this fixation. Embedding was both in paraffin and in pyroxylin. Special

blocks were taken for formaldehyde-ammonium bromide treatment. In every

instance studies were made with toluidine blue, cresyl violet and hematoxylin and

eosin; with ponceau B for fat, and with stains for myelin (Weil), microglia

and astrocytes.

1

PATHOLOGIC CHANGES IN THE BRAIN

The cats were divided into two series, of 15 anímals each. In group
were included cats which were thought to have received more than
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the equivalent of the human dose employed for ordinary routine treat-

ment. For comparison, a second group of cats (group 2) was studied,

in which the doses of electricity and the number and duration of the
convulsions more closely resémbled the situation for human subjects.

CATS SUBJECTED TO EIGHTEEN OR MORE ELECTRIC SHOCKS

(GROUP 1)

All parts of the cortex and the entire brain stem and cerebellum

were studied in each of the 15 cats.

Meninges.-In all animals there was some degree of congestion of

the pial vessels over the cerebral hemispheres. This was more marked

in some cats than in others.

METRICD

Fig. 1 (cat 2, second series).-Areas of hemorrhage in the subarachnoid space
over the cerebrum and around the brain stem.

In 4 cats some degree of subarachnoid hemorrhage was observed.
In 3 animals the hemorrhage was over the cortex and in 1 around the
medulla. In all cases the hemorrhage was focal and confined to only a

small part of the cortex. In 1 of the 3 cats with hemorrhage over the

cortex the meningeal hemorrhage was on the mesial surface of one

hemisphere. In 2 instances the hemorrhage was fresh, and in 2 others
the red cells were disintegrated and hemosiderin granules were present.
No`damage to the adjacent pial vessels could be found.

In 3 of the 4 cats with subarachnoid bleeding there was some degree

of fibroblastic proliferation in and around the hemorrhage. This

undoubtedly represented efforts to organize the hemorrhage. This

process was probably seen in its end stages in 2 other cats, both of which

had focal areas of fibroblastic arachnoiditis. In 1 animal (cat 7) there
were areas of thickened meninges here and there over the cortex. These

areas were packed with fibroblasts, with resulting thickening of the
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A

B

1

Fig. 2 (second series).-A, demyelination in the frontal area (cat 2); В,

demyelination of the white matter around the lateral ventricles and in the internal

capsule (cat 1).

t
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arachnoid and firm adhesion of this membrane to the underlying cortex.

This adherence was so strong in one area that the upper cortical layer
was damaged and torn. In another animal (cat 8) there were scattered

areas of mild fibroblastic thickening and arachnoiditis, but in one area

of the cortex the arachnoid was greatly thickened and strongly adherent

to the underlying cerebral cortex. It is quite probable that the changes
in these 2 cats represent the end results of adhesive arachnoiditis in

areas of subarachnoid hemorrhage.

Cerebral Cortex.In all the animals the cortical architecture and the

structure of the ganglion cells were normal. There was no loss of cells
and no disturbance of the normal lamination of the cortex. The

ganglion cells not only of the motor area but of the rest of the cerebral

cortex showed no evidence of damage. This is in contrast to the reaction

observed in experimental insulin shock and in metrazol convulsions.

In 1 animal (cat 3) there was a small focus of microglia cells and
astrocytes in the frontal cortex. In another animal (cat 4) an extensive
hemorrhagic infarct was observed in the white matter under the

ependyma of the lateral ventricle. The tissue in this area showed only
beginning dissolution. Red cells in moderate numbers lay free in the

tissue. The microglia cells, oligodendrocytes and astrocytes in this area
were swollen, but there was no gliosis.

The vessels in the cortex and the white matter showed no changes.

Their endothelial linings were normal, and there was none of the con-
gestion which was seen in the pial vessels.

Studies of the microglia cells, oligodendrocytes and astrocytes failed
to reveal changes in any of these glia elements, except in the case of the
hemorrhagic infarct.

Brain Stem and Cerebellum.-No changes were observed in the cells

of the various nuclei in the diencephalon, mesencephalon, pons and
medulla. The Purkinje cells of the cerebellum failed to show changes.

Summary.-Of the 15 cats in this series, 4 showed evidence of focali

subarachnoid hemorrhage and 2 of adhesive arachnoiditis; 1 had a

hemorrhagic infarct in the white matter, and 1 a glial nodule in the
frontal cortex.

CATS SUBJECTED TO TEN ELECTRIC SHOCKS (GROUP 2)

In this group of 15 cats the number and duration of the convulsions

simulated as closely as possible the conditions of treatment of the human

subject.

Meninges.-Some degree of hyperemia was found in the meninges
in all the animals. It consisted of scattered dilated and congested vessels

and never involved all the meningeal vessels.
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B

Fig. 3 (first series).-A, small area of subarachnoid hemorrhage over a cortical
gyrus (cat 9); B, thrombosed vessel surrounded by hemorrhage on the mesial
surface of the frontal lobe (cat 5); C, more extensive subarachnoid hemorrhage
over a cortical gyrus (cat 1); D, hemorrhage in the meninges around the medulla.


















