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MORPHULOGIU CHANGES IN THE BRAIN OF MONKEYS
FOLLOWING CONVULSTONS EI,I‘]("-'l’l{l(,‘;‘\i"l,‘{ INDUCED!
ARMANDO FIERRARO, ALD,
LEON ROIZIN, M.D.
AND
AN HELRANE,; M.D2
| New York, N. V.

With the inereased use of electrie shock therapy several reports on histologic
findings in experimental and human material have heen published.  However.
the literature on this subject 18 soinewit confusing and contradictory.

To clarify possible misinterpretations in view of varying technical approaches
fwenty-two Maeceacus rhesus monkeys were subjected to experimental electrically

The inv .tigation lasted approximately two years in the
subjected to induced convulsions varying
ity of ihe current. Two different types o

induced convulsions.
course of which the monkeys were
in number, duration of and intens
cleetrodes, small and large, were used.

In this report we shail Jimit the presentation to a group of 10 monkeys, som
ted to treatment which from the standpoint, of the numbe

of which were subjec
and voltage of the current was considered closest t

of convulsions, the intensity
the therapentie shoek used in human beings.

FBXPERIMENTAL PHOCEDURIES /
vs (of both sexes), weighing from 5 to 7 Ibs. were used. TI
details concerning the induetion of convulsions with Rahm's 60 cycle apparatus are sun
marized in Table 1. The same appariius wns used for B.C.T. in human beings with tl
exeeption of the eleet rodes, the dinmeter of which was reduced to approximately 2 8q. c1
The monkeys were subjeeted to the elect rieally induced convulsions three times weekly ar
each application was controlled with Rahm's «recording surge current meter.”

The animals were saerificed 12, 24 and 48 hours after the last induced convulsion. 4
the animals were sacrificed hy ether and the neeropsy material was fixed immediately
05% aleohol, 10% nentral formalin and formol-bromide.  The atandard neuropatholog
techniques were used ineluding staining for nerve eells (Nissl), staining for general stud
thematoxylin-cosin), impregnation for glin elements (Hortega's and (‘ajul’s method
staining for myelin sheaths (Roizin's combined method), impregnation for nerve fibe
(Biclsehowsky, Bodian® and staining for latly produets of degeneration (Sudan 11
From each brain blocks were seloeted from the frontal pole, pre-cend ral and central o
volutions, parietal, veeipital, temporal lohes Gineluding Ammaon’s harn) and island of R
Dasal ganglin and hypothalainus, mesencephalon, pons. medulla ablongata, cerebellum £
<pinal cord (mostly eervieal region). The eolloilin Woeks (used mo=tly for eytologi

Maceneus rhesus monke

ctudies) were cut serially.
CLINICAL OBRSERVATIONS
as 70 volts, a lower one hav

In this group of 10 monkeys the Jowest potentinl used w
current had to

pesalted only in petit mal. With n potentinl of 70 v, the passage of the

Remdl at the annual meeting of the Ameriean Association of Neuropathologists, Jn

261h, 1016, San Franeiseo, Californin.
Department of Neuropathology, New York State Psyvehintrie lustitate and Hospi
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Uy ton oo second heeause the shorter dueation resulted inonly a petit mal
NEPITIID

The socallid grand wal convulsions consisted of a0 generalized tonie phase followed.
vter s tew seconds T generalized elonie one with Srvcpiilar breathing, ending in apnoen
Fasting o Few secands Dhoving thie tone and elonie phases marked mueoserous salivation
v often withothe Biood was observed s at times (here was ineontinenee of urine and feees;
e he b evinosis arma ked congestion of the faee was noted af other times. The pupils
tppeared markedly maotie or midrintic. Quite often nystagmus in vertieal and horizontal
drveenon was obiserved as well as conjugate devintion of the eves in vt e tion with
ety predominanee foward right or ettt Yter the apnoea there Tollowed o short periol
ot agitation whieh ot tiges assumed the charneter of very mrked exeitement, al others i1
toak the chaacter o more Toeuliznl disorderly, aimless movements.  Following this stage,
there appeared Freguent Iv marked musenlar twitehes or contractions of the hody ., extrem

TARLE 1
e i RESESTANG] AMPERAGE CERREST SUMBER 01
AT RAGE D FAVERAGL Y FlLomy 1w St ks y LA

\ PLUR Sk olis 120 m.a g 1 Gieneralized eonvalsions
wWitht ineoniilienee of
urine amd feces

; S0 v 200 ohims 0 e 9% 12 H “

( 00 SSUO ahins 102 1m.n 1" 12 1 #

1ol a0 v 630 oluns 115 men. ur { 2 =

L) ¢ [IIEI 10 ohms 120 m.a S 11 = '

(AR o v 720 ohms 125 m a. o IS : L

I o v, 680 ohms 120 1 a S 14 . v

b il oo v 680 ohims 129 m.a. 1" [ & &

I i 0y 10 ohms 1700 na, A7 12 = "

I+ a0 v 610 ohms [RIVNTIT " IS * =

10es or the fuee ol eyvelids. In some instances, alter thie phase of apnoea, asecond spon
taneonts phase ol elonie convulsions lasting @ minute or so was also observed . During the

fie=t tonie and elonie phases of the seizures, as well as throughout the period of apnoea and

o tew seconds alterwards, the animals were completely unconscious; then they gradually
regained conseiousness, remining somewhat confused and disoriented Tor a short period
e the post-eonvulsive stage most of the animals appenrced hypereseitable with hiyperaetive
dieeprefleses. Through all the period of induced convalsions until the monkey regained
complete conseiousness the animal was property held woud proteeted from teauma, During
the whole course of this investigation no permanent motor disability, organie deloets, or
behavior disorders were ubserved. Appetite and Tood intake were the same as in the
control group,

NETROPATHOLOGH OBRSERN ATHON S

Waneroseopie findings: Grossly the central nervons Gssue appeaeed normal i consistonee
sbvasendarization with the exception that insome arimals the pial blood vessels appenred
dilated and ot times markedly congested. Noosubarnelnoid pial or inteaseerebral bemor
rhages were grossly noticed. Al other viseera appeared also normal

Viieroseopie findings: "The deseription of onr indings will follow in the order indieated in
Table t,

A Monkey subjected to 12 electrieally induced convalsions, potential 70 v., duration
ol a second. Netual enrerent inlensity as indieated hy Rahm’s surge current meter

CHANGES IN BRAIN FOLLOWING CONVULSIONS 287

varied from 105 10 175 m.a.  The animal was sacrificed four hours after the last grand mal

seizure.,

The eyto-arehiteclure
hematoxvlin and eosin methods appeared normal. il
rarefaction as well as oeeasional satellitosis and neurophagia were encountered. Indlv%dual
neurons appeared well stained but the Nissl substanee, was not always ('learly. outllr.led,
yeofrontal region.  The nerve cells of the various dien-
wred nt times swollen.  The eytoplasm was frequently
el ot the periphery of the cell
-l Toeation and seemed

0 e vasigun romions of the brain cortex as revealed by Nissl and
[owever, here atid there small areas of

particularly in nerve eells of the
cephalie nuelear formations appe:
unevenly stained and the Nis I subsianee, al Giies,
body.  The nuelei of the eells were al fimes displaced from the eent

to be somewhat Iarge.

¥ g

uMe
Fre. 1, a and b, Homogencous pigment infiltrating the cellular elements of blood vesse

walls, particularly the endehelial eells. Nissl stain. High power magnifieation.

I certain areas of the frontal and parietal lohes satellitosis and slight neurophagia wer
present.  No significant changes were encountere:d in the sub-cortieal nuelear formation:
in the mesencephalon, pons, medulla, cerebellum and spinal cord.  In Nissl and hematoxy
lin and casin preparations some blood vessels of the geay and white matter appeared dilatec
with perivaseular gpaces often enlarged and the surrounding elements somewhat pale

Hortega's silver earbonate impregnation for microglia and oligodendroglia cells re
vealed, in areas correspoling to those where neuron changes were found, slight reactive
proliferation of these cells especially along or surrounding bload vessels.

Cajal’s gold sublimate impregnation for astroeytes revenled also some hypertrophy anc
hyperplasia of astroeytes, particularly around blood vessels and espeeially in the sub
cortieal whife matter. This oceurrence was more often observed in the frontal, parieta
and oceasionally temporal lohes.
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Nevve tilees and myvelin shonths did not diselose abnormalities.  Only in some sub-
cortieal arens i the white matter of (he frontal and temporal lobes some ieregular hut
sosthv vonndishe metachrmmatio hodies wore seen in Nissl and hematoxylin and cosin
SRR TN
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B Nanly subjocted (o 12 ¢

youdteed grand mal seizures, potential SO v,
cstion ool <erond - \etuad enreend intensity as indieated by Rahn's recording surge
cwrrent meter varied Trom 100 10 200 . The animal was saerificed 12 hours tler the
Lt geand vl seid pure.

The various cellulare eloments of the hrain cartex, suheartical straetures, mesencephalon,

i e . . +
ponsomedulla, cerebellum il spinal cord exhibited ebunpes singlar 45 hose lound in the

previous ease. However, in some hloed sessels the intimn and particularly the endothelial
cells contained o greenish homogencous pigment, free or embedded in some of the eellular
elements (hgs Taoand oo This pigment. at times, was present also in the perivaseular
spaces which often appeared enlarged.  This oeeurred more frequently in the white matter
tedonly oeensionally in the gray matterof the frontal sl temporal lobes, Similar findines
were also encountered in the basal Eanglin

o the subeortieal white matter of (he frontal amd parictal lobes markedly swollen
ahgodenroeytes were found quite often, espeeially in the neighborhiood of some dilated
Blood vessels among other somewhat more numerous glin eloments.

In the white matter of the frontal and temporal lobes metachromatie hodies with o
variable tinetarial appearanes but mostly stained in pinkish and yellowish (Nissl wtnind
were present .

Methods for deteeting nerve fibers, myelin sheaths and fat products did not reveal
stenilicant struetural variations,

€. Monkey subjected to 12 eleet rically induced grand mal seizures, voltage 90 v, duration
o of asecond. Aetual Current intensity indieated by Rahm's recording surge current
meter varied from 100 to IS0 mea. The animal was sacrifieed 22 hours after (he lasl eloetri-
eally inducel convulsion.

Nissl and hematoxylin and eosin preparations revenled slight rarefaction of nerve cells
and a few small aeellular areas in the frontal and temporal lobes.  The Nissl hodies were
not distinetly outlined even in {he large pyramidal eells. In some instances the nerve
cells appeared shrunken and the exvtoplasm deeply and homogeneously stained.  In thege
cells the nueleus was undifferentiated from {he rest of the cell body.  Iere and there
satellitosis and neurophagin were apparent, particularly in the deeper layers. The nerve
cells of the island of Reil appeared somewhat rodueed in number but no definite changes
were present in the individual elements.  Some meningeal blond vessels as well as some
ol those passing through (he underlying brain sulistanee appeared, al fimes, markedly
dilated. Frequently swelling, pallor and some reduction in the number of the eellular
clements surrounding (he blood vessels were observed. Similar findings were notieed also
e corpus strintum and diencephalon. In the Intter region in some irregularly en
Buged eellular elements of the blood v wels or [ree in the hlood vessel walls pranulay
neterial stained deeply green amd at times sligghtly bluish, similar to siderophile pigments,
Was present tligs, 20 and b,

o che white matter of the temporal Tobe, in the thalans and (he st rintum some vaceuoles
were seen, furme aml dimensions of whicl seemed {o G e previously mentioned meta-
chiramatie hodies,

In he frontal temporal and less frequently in the oceipital lobes slight reactive hy
pevplasicand by pertraphy of the glincelements, particularly around. or in the neighlhorhood
b the Blood vessels was noticenhle g, 3,

Hevesond theve in the white matter of the (rontal ard parietal lohes and mare seldom in
the neerpiead aned the sobeortenl structures aeate swelling of the oligodendroglin cell<
s evident e g,

Do Monkevs Dy stthjectel to_Leleetaestly induce | gran § wal seizures, 12 stubjected 1o

FEcleetmeally aindueed goaned ol <cizures anl 1 subjertod 1o IS clectrieally induaeed

IN BRAIN FOLLOWING CONVULSIONS

CHANGES
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' ' wierd <1 . : e 0 H
' S res I all these three monkeys the |D'l(l‘||||:l| was W v, and the duration
ot " N e spet . oy H - H s X ;
' o Ulies stetie] earrent intensity s insdieated by Rahin's surge current meter

’
7 : ,f’ “xﬂ‘:.!

b
Y | &

o o Neate A ol i

L2 ..-‘, l“\( ;HI =welling ol uIl;;mIvmlmg!m coll<in the subeortieal white matter. Hor

i i “.l‘l um\.m- impregnation. b Nerve eells wnilergoing varions degrees of degen
e p<<] staine high power magnification.

varred s tollow< o ey . | o oy o 5
oyl il v LER G0 IS e DX frome 0F to 225 e and ine D3 fron S2

CHANGES IN PIALN LU b

Vonkey Dt (4 shoeks) was sucrificed :l]’)[)l'llxillllll('ly 4} hours after the last induced

qrand mal seiznre, '
Varroseapreally only slight congestion of the pial blood vessels was noticed.
il there in the corebral cortex there were some areas of rarefaction,

otherwise, subeartieal nuelear [ormations, diencephalon, mesencephalon, pons, mP(l}lllﬂ,
corehellum and spinal conl did nol differ appreciably from {he control material. At_hmes
one gained The Higiession that sone enineeal and eortieal blood vessels were alightly
ditated and their perivaseular spaces sliphtly enlarged aiid that xome celiular c]umer.lts
enrronnding the enlarged Ploml vessels were pader (han usual.  Here and there o greenish
v mentioned, was found in the |wr'|v:ls('uhtr spuces. In
. y and pinkish eolor, gimilur in character
o matter of the frontal, temporal and

‘IH'I U.\'t'll’ll('”,l!/ ‘I|‘|'|' H

pigment. similar to that previous
Nissl preparations, metachromatie hodies of bluist
ta those previousiy deseribed, were seen in the whil
periventricular regiohs. .
Slight astrocytic hyperplasia and hypertrophy
and particularly armund some hload vessels.
Vonkey D2 (11 shocks) was cacrifiem] approximately 21 hours after the last induced

was ovilmt in some subeortical areas

grand mal selzure.
Throughout the frontal anil temporal lobes gmall irregular acollular areas and oceasional
loss ol nerve colls, Tewdeney Lo sulellitosin nnd neurophagia (particularly in the frontal
region) were noticeable. Here and there nerve colls wore undergoing tigrolysis associated
with digplacement of the nueleus anl spongy appearanee of the eytoplasm (fig. 4b).
The endothelial eells of some blood vessels, as well as some monovuclear cells present
in the disteded perivaseular spaces, contpined a homogeneous greenish or yellowish pig-
ment. This was ohserved ina Large number of soetions of the frontal Jobe and in o lesser
depree of the teiiporal lobes and mestly in the cortieal blood vessels.  llowever, it was
observed now and then also in the white matter and in some of the subcortical structures.
In addition, in the white matter of the same regions, conglomeration of glin nuclei, mostly
quently notieed often surrounding blood vessels (Nissl stain

oligodendroglineytes was (re
wrations the chromatophores

andd Hartega's method) (s By, bhande).  Insome Niss) prepe
of (he meninges appeared intensely stuined.

T senttored cortienl areas the microglin elements appeared hypertrophie and increased
m nuiber, patlicularly in the moleeninr layer of the frontal und parietal lobes. In the
cuheortieal areas acnute swelling of oligodendroglia eolls wns present. Proliferation of the
astroeyies, when encounfoered, was more prominent in gubcortical areas and surrounding
Llood vessels. i

Nerve lihers and myelin sheaths diselosed no appreciable changes.

Vankeny D3 (18 shoeks) was saerificed 12 hours after the last shoek.

The most outstnnding slrueturn ohanges wore deteeted in the blood vessels. In the
frontal, parietal and, loss frequently, temporn] lohes quite & few hlood vessels appearec
markedly dilated. Frequent Ly, the perivaseular spaees were also distended. Occasionally
in addition fo marked congestion, dinpedesis ol the collular clements of the blood wa
notieed (fig. Ga).

Pigments with the same tinetorinl and struetural appearanee mentioned previously wer
present - the endothelial eells of the blowd vessels or frequently incorporated in larg
mononuelenr phagoeytic eells anrrounding the Blood vessels (figs. b ol ¢). In the fronta
pole, renetive proliferation of protoplasmic glia was notieed, particularly around or in th
neighborhood of ditated Dlood vessels (lig. 7).

Toizin's combined method for myclin sheath and lipide produets of degeneration an
Sudan 1 revealed, in eertain corliesl regions, surronnding markedly distended perivig
enlar spaces, some loss of (he myelin sheaths, while others were pale, swollen and oceasior
ally fragmented. o these areas the endotheliad cebls of the alleeted Dlowd vessels containe
stainable fatty products. Similar Fatty material was seen free and (requently ineluded i
seavenger cells (igs. Sa, by ol o)

/2. Monkey subjeeted 1o 13 clectrically indueed grand aral seizures, voltage 90 v, du
ation 5 af aseeomd. \etuaTonrrent mtensity as indicated by Ralim's current surge met:
varied Trom 90 to 225 g The animal was snerifieed 1S hours after e last indueed seizur
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were well stained and the Nissl substance was very clearly outlined. In some

however,
romalolysis of nerve cells was apparent.

areas of the island of Reil some seattered loss or ch
Nissh and hematoxylin il eosin me
of some cortical and subeortical blood vessels. Some of these hloot

thods revended tortuosity and irregular enlargement
| vessels presented also,

r

.- v L]
et W PROER I

- »

» o ! )
Fla. 6. ) Vaseulnr dilatation, enlargement of the |)('rivns(-ulur spaee and blood
pedesis. b) and ¢) Smadl and larger mononuelear elements in the |wr|vzlsculu.r spaces s

of which contain silderophile pigment. Nissl stain.  Medium power magnification.

. . S

It 5. Clon wali : .
prrivaseula L:E]:"«’-E(':;::Iu:l: I‘:E i‘fh“ “l“](‘lm{ mostly oligodendroglioeytes: a) and h) in the
. % s 8 i 1ing o blo vossel wall N Qi % T
wilieulion B it Nissl stain. Medium power m: i : . s
! L2t S fhere and there, pately stratification ol endothelinl or adventitinl elements. Others »
surrounded by smalband large monanelear clements (g tha, (he latier containing gr
&1 T 1) lar greenish or slightly vellowish pigment (figg. Oby. Inoafew instanees the perivase
£ (4] " . oy i . .
’ spaces appeared markedly dilated.  Tn addition, some blood vessels in the white ma

In the [ront: yole rre sis of " vV eells wis quent eneo e . - H »
[rontal ] I ) |l|,l ll\'.'l.' [ nerve « s was [ juen Iy wounnter 1 l \ 1 len: h”,.h, nuclet
relens seenn 1o he anlll'\\'h‘ U S 1 HEE sl 4 elz e b % &
: H e [HY B )
H H sStnt an I wa [FTSRIT ] 1 l]( r 1 1
HE B H - ) 1 Z i
| i [ th | $ed ((']1"! of the ||Hll“l| lobe were su rounn PeLsel I : .
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e tega's amd Cagal’ g 1
;. \ I|| d Cajal’s impregnations conlirmed the presencee of ]I,\']""'l"“l’l'v and hy-
n |I|. .L;:.I ull glin elements, particubarly around the blood vessels (lig. 10,

nui evs subjected to indueed geand mal seizures with cleetrieal current of 90 v
daration ol o ~eeond K

T

s ”
®

& ..
Pl e

l.' P
-~ “‘.

e 5

. Y -’I.‘.

- e ® °

[ \. -

. B8 T
'.’ - .. °

7 R g 4 ‘\
"' oy e .
«. M. -

- . ‘e

® h . ® . 5 "
‘ » & 3..' » r’ o8 - - -

Fra. 7 Renetive pr e . . )
T proliteration ol protoplasiie ghiain {he neighhorhood of o dilate
vessel Nissb st Medium power magnifieation. . kLA

qul.-r g B 16 shoeksr was saerificed A8 hoaes alter the last of the =iy indueed seizures
tactund infensity varied frone 150010 257 e )
Foevoseoprealln the most important indings consisted of nerked vaseular congestion
} sl . apedesgs 18 v ‘ .
with oeensional degpedesis of the Torn elementsof the bload - In <ome perivasenlar spaees

CHANGEES EN BRALN FuLLbar et

mononuelear phagoey tie cells containing sideraphil-like pigment were found. 1n the gray
matier of the frontal pole, ina [ew instances, the eapillaries appeared prominent and

comewhnt inereased in number. 1o the hasal ganglia two hlom] vessels were surrounded

by mild perivasenlar infiltration,

Clig hnpregnadion methods revealed inerease in numl
plin cells but particularly of micro and niigmivln]ii:i_‘-,“m-}"‘*‘
the blomd vessels. more so in the white matter of the

of small mononuelear elemoents.,
wor amdd al times in size of various
wenerally around, or in the

neighihorhood of, fronta! lobe, and

oeeasionally in the temporal,
Sudan T preparations revealed in same nerve colls of the pops fally praducts of de-
and orange-reddish coloring. A few nearones of the

peneration with granulur appearanee
o of changes but to

frontal tobe (particularly of the middle lnyers) prosented the siume Lyp

a lesser degree.

!

5
L5

Y A

Fre. 8. Fatty products of degeneration: o) infilt e ing blood vessel walls; b) and ¢) in
the perivasenlare sprees, Sadan T stain, w0 Mediam power magnifieation; h) and ¢)
Bigh power mapnifieation

Metaehromatic hodies wers centtored in the white matter of the frontal lobe and in a
Jessor dogree in the purietad, temporal wnd husal wanglin,  Their struetural and tinetorial
appearanes was similar to Pt deseribed in some of the Provious cases.

Venkey 1.2 was sneriliced A8 hours after the last of the eight induecd seizures (eetual
current intensity varied from 90 to 225 mad.

The pial hlood vessels were dilated ol eongested.

o the frontal Tobe, particularly in the pre-central region, marked tigrolysis of the nerve
eolls was apparent.  Lnsome areas shrinkage of the nerve cells and corkserew appearance
of the processes were observed (g, Th

Some of the hlood vessels of the gray and white matter were <urronnded by inereased
nwomher of glin nuelei.

Cireenish pigment infilieating {he blood vessel walls and at times the perivaseular spaces
was present. In Cajal’s prepartions o homogencously impregnated material, of a black
eolor. infiltrated the walls of some of the blood vessels.

With (he Hortega's silver earhonate impregnation few small petechial lemorrhages
were deteeted in the white maltter of the frontal Tohe (g, 1200, Some ol them were round-
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cd et s Shiahin v o .
e -1‘| al Che megority ol the hemorrhagie stllusions seemed (9 be related
[ \ L ! - : i :
D l| ;IIIII i.mn = AIIIIl'l <l size hlood vessels dig. 120) and were found only in the
w e o v trardal Inbe o Mostly in the i i i :
R : v immedinte subeartienl white matter acente
e i i bt pvalin evlls whe sven B fenl white matter aente
T —— . ; ;
|'| .l’ ]I||.||l| Bendies were distribite:D most v o gl whine e af the Frondal aid
e lahes T " 5 i wit T h
W”'l'“ o 'l I\I ¢ l.\“' HI. Niasl preparations, varied from pinkish and redidish (o
e, the histologieal appearance of the rest aof the contral nervous fissne

e 9 Dil

. tlate cocse] surr i

- I”“”H-“I ‘ll\‘-!LI,;",ll‘ll"( ol swi Iil.lllllll'l] |l_\ small HIUI I:ll‘].'.l' lﬂﬂ:llﬂll'\'““\‘(‘t)ll(:lil\illu granu
Iy Niss) sbhmn HRl Medium power and I ||iu‘|| power ||l:lL{||i|i¢':l|;(ll|

wits ~nniba al f . ) i
g Lo that found in the previous monkeys, with the exeeption that fany produets
o devener: 3 3 -
I}L« nerntion wore not observed inany of the stidied seetions
and ey B3 was saeriliced 1 i
B e .3 wils st I|||lll! 12 hones after the last ol the cighteen grand mal seizures
vettal carrent intensity varied from 90 to 225 neas)
In <o : ol
AT s front: . Ly i
' 7S ”.l the frontal tobe the extoplasm ot Hmited nmber of nerve cells was
wmageneonsle stainesd, the Nissll lies | i ;
ey : - <l Bonlies being poorty ontlined. More prououneed chiroma
Sts nas ace ! . ) i l
" i aceasinnally preseat with no particular predilection for any of the cortieal
AN W Ve st . 1 i ; .
i I. »I\I cver, satellitosis aml slight nearonophagia was more apparent i the deepen
avers H i - Crelneti
: o s <one raveletion of peeve eells was oheerved arownd some blood vessels
where poriviescnalar edema we i .
I peetiling eddemian was present o Oeeasionally acute cwelling of some nevve eells
was chetoete o < Pheand b .

[ I

Ater of the frontal lobe soveral Dlood vessels appeared dilated; of im-
ed dinpedesis or of a fow small ;wh'(-hi:\i hemorrhages,
buted in the white matter., expecially along capilluries

In the white me
portanee was the presenee of limit
also roumdish or oval shape and dist ri
amd smadl blood vessels (figs, Lin and .

Cajad's gold cublimate impregnation diselosed, in certain areas. mostly in the subcortical
white matter hypertrophy anl hyperplasic ol ATt Gk cepeeinlly around blood vessels
A few hodies of bluish coluving (Nissl stain) were seon in the white matter of the

g, 15,
corehellum and pons

No appreciable higtologie ehanges were diselosed in the rest of the central nervous

Lissue

J s . i

(Y _!~‘6 v [l .

w, vaseulur dilatation
Hobus-Penficld modifieation). Low power mag

G 10, Progroessive astroeyiie ehang and capitlary yrominence
.1 4 =

Cajal gold sublimate impregnation (l
nifieation

DISCUSSION
The question of newropad hotogie findings in animal brains following exper
mental eleetrie shoek is comewhat unsettled.  We feel that some of the contrs
dietions may be due to the fact that the technigues nsed were not always identict
and that the species of anmimals in the experiment used was not always the samt
In the present comments we will limit ourselves to a roview and discussion ¢
only the neuropat hologie experimental findings.  In subsequent papers we inter
to complete our presentation with a report on the effeets of electrie convulsit
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pyvoin human eases as well as on the effeet of unusually large number of

clectrieally indueed convulsions (50 to 100) in monkeys.

! Y - R |
N ..l-l‘ Il . I)l-u-n('mll\v changes of nerve eclls, mostly pyknosis. Note the eorhserew
precaranee of several of (he provesses Nisxl =tain H”_h power ni nnifeadion

fn 1000 Coletti and Bind (1) reported neuropat hologic lindings in dogs sub-
jected to eleetrie <horks. Tnoa st gronp of 12 dogs the anthors indueed daily
ol or more, seldom Two, convulsions, up to an average ol 21 complete seizures.
Phe snimals were saerificed at variable lengths of time from the last seizure
drom 5 dayvs to 5 months). No maeroseopic lesions were noticed in the brain
or other orean=. Microseopically there were Tound some edena, dilatation and

—t

CHANGED LY s

tortuosity of eapillavies, small acellular areas around some blood vessels, vacuo-

lization ol cells of the see s, Hied and fourth layer, pyknosis of nerve cells of

..;'.'_ ‘ 2. _. '

+ b ‘ a - { % -
s inthe white, !lHlHl'I of the frontallobe;b)
.arbonate impregna-

® - e

kA T S

Fre. 12, 0 Five small petee liald lu-mnrlh UZOS

wnadl hemorelagie petechin between fwa e apiflaries. Hor tega's silver e
tion. ) Low power nu nifieation; by medinm power me yrnification.
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IF1G. 15, Nlﬂ'usmn el swelling of nerve colls in the frontal lobe. Nissl stain,  Higl
power magnification.

the deeper layers and at times “Cliarasen.”” .\ second group of anima s wen
subjected to from 90 to 7O complete scizures, 3 (o 5 minutes apart from eacl
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ather. One of e animals sueewimbed alter aseries of convulsions. Tt diselosed
e nente swelling of Nis<l o< well as liguefaction of nerve eell. The glia dis-
closed cliamue of the Sregressive™ type. The vessels were ditated and congested;
donnd the cortienl vessels neellular aieas were observed. The third gl"nnp of
does were =uhjected to eleetrien) currents with potentials of 110, 125 and 220
-n_|I1~. The intensity varicd from 900 to 2500 mea. and the duration varied from
170 a0 scconds. The majority of the dogs died, after 2 to 8 shocks, presenting

b 11, \[ 7 1 . ; o b
v HEEAY I hed conpestion of a ||!l)(u| VRS . G e
b . |"~E~(‘l :lllll |l(‘lll(ll'l'||'||r| (Y] 3 L]
W N . 3 @ augie suflusion. by Petechn:
cinorrhagn Hulll';!:l's silver earbonate impre mation PPetecinal

Maedinm power magnilieation

~vmptoms of asphyxin.  Only two animals survived and were saerificed alter
10} .-n.ul 10 ddavs respeetively,  Tistologically many nerve cells presented -;('nn-
swelling and Tess Trequently the severe type of (‘]l.:lllg.’;t' of Nissl.  The ;:Iiu‘ cells
howed regressive changes.  The pia was thickened and the blood vessels ('unk-
gested. o the perivasenlar spaces “perivasealar corpuseles,” red eells and leu-
koevies were found only oceasionally.  The same changes were found in the
hasal ganglin and eerebellim. n

CHANGES IN BRAIN FOLLOWING CONY Uit

Alpers and Hughes (2) used in their experimental work 30 cats. Two groups
of animals were subjected to induced convulsions siv times weekly for a period
to | weeks. A third group of cats received shoek three times

varying from 2
The potentiad of ihe GO evele alternnting current was

weekly up toa total of 10. I
110 v., the intensily varied from 150 to 200 m.a. The dimensions of the vircular
cleetrodos measured in diameter 5mm. Nodatnasto the exaet location of elee-
trodes and the time duration of the flow ol current are given. The authors found

extensive subarachnoid hersirhiages of @ mild degree in 14 ‘:unmn.l.s'. Hemor-
{e1) mid-hrain and cere-

rhages in the hrain substanee (cortex and white mai
hoellum were found in 9 eats In the latter they were mainly of punctate type

R -]

Fra. 15, Vaseulur dilatation, enlargement and pronotneel glial profiferation. Caja
polil sublimute impregnation {Glohus- Penfield  moditicationtd. Medium power magmf-
1eation.

wherens in two animals they were more extensive. The distribution of the
hemorrhages varied; they were not confined (o the aren immediately beneath
the eleetrodes.  The hemorrhages were psuadly fresh but in coveral cats disinte-
arated Dlood was also encountered,  Tn the main, the nerve cells remained un-
alfected. At times, glia nodules were ohserved which the anthors interpreted as
evidenee of reaction to previous hemorrhages.

In the same year, Heilhrun aned Weil (3) veported similar changes in 28 rabbits
and 10 rate. These animals were treated with alternating current of 50 to 60
eveles, potential 60 to 150 v, intensity varying hetween 5 to 300 ma. Time
duration .3 to hall a seeond; the surface of the eleet rodes 2 s, em. It is interest-
ing to note that 16 rabbits were paralyzed in the eourse of these investigations,
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Dol them after the divst shock,  In only three of the remaining 12 rabbits no
pathologic changes were found on microscopie examinations.  In all the ()11.1(-1':4
||"r|lllll‘l|!:!'_'_t‘~ were present “within the meninges of the hrain and apingd cord :m([
within ,l fiee In'nAiu <tem el <pinat cord. These hemorrhages were nsually confined
£ the inmedinte neighborhood of capillaries and small veins and \\'vr{: produced
b the rupture of the walls of these vessels, No generalized ganglion cell disease
ol uq‘-u-jmlm-‘l prolilerative ulin reaction was observed, exeept in the immediate
prosimity ol the hemorrhages and were sty cotmbined with a0 somewhat
~preading edema of the surroinding tissues. Hemorrhages alzo were n'wv;n
i the Tnngs of G animals and in the Kidneys of three out Ta!' 10 rats.” e

Pavrersn, Lewis, Pacelln and Kalinowsky (D =ubjected 12 AMacencus rhesus
mnn!u-_\ = Ill.(‘ll‘l'ili(' shoek under conditions “n-st'mlnli;lg as closely as possible .”ll(‘
elmini=teation of the treadtment in huoein beine="" Seizures \\('.l'l' mduced three
Hines “W.l‘,l'\.' voltage viorving (rom 70 1 135 with current times of 10 to .15 of »
-l'i'l).Ili] e Lrrgest number of seizures administered was 30 with applied ;'nll.'lv;_';l('
ol l..’,..n and current passage time of (15 of @ second, The animals usually were
<rerificed 21 hours after the Inst shoek. The common nenropathologie [u-rh.nimu-\
were nsed, '.l'lw microseapic studies did not show any signifieant Il?ﬁilb]l:l”lul(lp.'il'
"I:.lllL',‘l"w or important  differenees from those in supposedly normal control
thitals, ‘

.\vnln'||"_u('r and coworkers (5) deseribed vaseular dilatations and minute hem-
arrhages in the cortex, meninges and around the ventrieles in some bhrains of 12
mongrel (-]n,ush The shoek was administered with a potential ol 860 v (:ll!‘l'(‘l'.;
<trenm ol 200 mu, duration 15 of a second at intervals of 3 1o 5 <l~-|‘\'a' 1 .
mm'ﬂt(-r of shoek per animal varving from 2 to 25, The authors l‘(‘ll;(;l';(‘ll in
addition shrinkage of ganglion eells, mild reaction ol glin and absenee of de
myelination, T e

Similae changes were previously deseribed by Moreizon, Weeks and Coblh )
mn |‘:|l‘mlnils, auinea pigs and eats, Tlowever, these authors used four fypes of
cleeteie eurrent completely different from the electro-convulsive type .

(.””\,”S' Harreveld and Wiersman (7 investigated the influenee ol vic-t-imn'n'-
cosi= upon the strueture of the heain ol dogs. Althongh electronareosis is u\‘wl
atth another purpose and teehnieally = quite 1Hl'|'i'l‘('lll>“'nm the electrie mn\'ul«
~ive <hoek of Cerletti and Bint we are ineluding it in owr review heeause the
ahove mvu! ioned investigators feel that “sinee cleetronareosis may be «-unsi;](-rml
i the i as prolongation of the cleetrie shoek ll'l':l1ll]<‘;ll, m(n'])lmlnﬁil:
changes in the nervous svstem ocearring from electroshoek might bhe expeeted
fochie more ont-<poken and more readily recognized in the hrain of animals sub-
tected !n clectronareosi<.”  Seven dogs were used in these experiments and inall
the animals ll‘Il‘l‘lI'H]I.‘ll'(‘(:.\ir-‘ was started with o relatively strong current of 60
:I'I'IIIII] |l|||'-:|.lm|1. The strength ol the initial current \‘:'11'iw] from 200 m.a. fo
700 neas The voltage is not given. Tnoall enses the eurrent was applied through
padided cleetrades Toeated over the temples. After 30 seconds of high current it
Wiz deereased toa tower Tevel and so adjusted that respiration could take place
vithout apparent impairment. The eurrent of the narveosis level varied from 7
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to 410 mar.  The frequeney of the current varied from 60 to 10,000 per second;
ot flow varied from 2 to 75 minutes.  The animals were

duration of the curre
caerificed in different ways, some throngh injection of ether into the lungs one or

more days after the cleetronareosis, others by applying a very high current
I others through a current ol infermediate inten-
sity applied fora prolonged period enusing, altera considerable time, death from
The ustel starboed nenropathologie techniques were used. A
of the experimental animals did not dis-

shortly after eleetronareosis ant

et Faihure.
careful gross and microscopie study

elose pathologie changes.
Alexander and Lowenbaeh (8) st udied the effeets of eleetrie shock in 23 cats;

19 of the animals received single <hoeks with eurrents varying from 60 to 2000
na for o period ranging between 2 aned 10 seconds in duration. Alternating 60
. cwrrent was used s the potential varving from 120 to 550 v. and copper elec-
These were placed ina way “comparable to the
usual method of eleetroshoek in man.” Al hut 2 of these animals were killed
by quick deeapitation. Time of survival varied from a fow minutes to 9 days
following the last shoek. The asia] neuropathologie techniques were used in-
eluding the henzidine methaod Tor vaseular pattern.  These authars found that a
<hoek dose of 300 mua. produced ondy fora Iief period arteriolar -asoconstriction
and hlanching, noticenble “within the path of the current 4 minutes, but not hall
hour and an honr after the shoek.™ No vaseular and perivascular changes
(950 (o 450 mua. were seen 1,3 and 7 days aftes
Coehock.  With single shoeks ol 500 to 1800 mua. arferiolar vasoconstrietior
with Dlanehing of the eapillary hed], was still noticeable, at times 5 minutes t
With <hock doses of 2000 m.a. flowing for 5 second:
and mare, vasoparalytie stnsis could he produced within the course of the patl
of the current throngh the brain: marginal parts of the path of the current (wher
current density was less) showed only arteriolar vasoconstrietion and blanching o
oy pathologic changes of {he neural pavenchyma could b
above and only within the path o

trodes measuring 10 x 1) mn.

following shoeks with esorrents ul 35

1L hours aiter the =hoek.

the enpillary bed.
produced only with curents of 1800 mua. and
the evrrent. With eurrents of 1800 mea. flowing for 2 to 5 seconds they were o
with currents of 2000 m.a. flowing for 5 to 10 sec

All these pathogenic eurrent
ave the range of currents use
{hologic changes of the neure
zuble with the common his

an essentindly reversible types
onds they were of an essentially irreversible type.
were in amperage, fime of flow and density farab
in human 15077, With single shoek doses no pa
parenchyma could be produced which were recogni
tologic methods.

Winkelman and Moore (9) also nsed cats in their experimental investigation:
follows: 1) a fist group of 8 eals was treated wit
the frndie shoek modality of Berkwitz. Seven animals received 20 series «
faradie shoeks with hreak intervals of .7 ol a second 1o 1 seeomd; in one anim
of this group (#9) the current was applied continuously for 40 ~econds and a fre
inferval of 10 seconds, followed by another shoek of 28 seeonds duration.  Th
animals were saerificed at intervals varying from three days to te
the last ( #9) was saerifiead 24 hours subs

The 12 animals were divided as

first seven
weeks, following the fast treatments
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aquent to the treatment. The seccond group of Tour eats was treated with the
Corletti and Bint method (using the Offner machine). The strength of the cur-
vent awas ol 3000100 nea, voltage 70 ta SO v, time 0.1 seconds. In this group of
wimzds o reeeived 17 convalsive trentments aud were saeniieed one month
grer the st convalsions X thied pregnant eat reeeived 11 treatments and alter
lebyvering normal living Kittens was sacrificed four davs after the last convulsive
ok The Tast eat received fwo freafments two days apart consisting of 350
nea s SOV for one ol second and was saerificed thee days after the second
comvulsion. Gros< and mierozcopic investimatinns ol the hrain and spinal cord
Jdul not diselose any pathologie chanees in the eats freated with “eonvulsive
oses""ammlogons 1o those given in human. Inoone et Sreceiving exeessive
clectrie Shoek dases a0 small area of preeapillary hemorrhage was seen and in
cother congestion and prominence of the venons and eapillary vessels”

Lidbeek o0 reported beain changes in three dogs subjgeeted 1o shoek treat -
ment o The shoek was administered with the same machine used in human
cases COfuer Fleetronies Co., Chieago) and differed only in the “employment of
stzdler electrodes.”™  The Biest dog was treated with o current of 250 and 350
maec time .2 of asceond. The shoceks were given twiee weekly, total number 16,
Fhe =ceond dow was treated with o eurrent of 350 e, tine 0.2 and 0.3 seconds.
The shoeks were given daily, totad number 16, The last dog was subjeeted tooa
current of 300 m.a., time 0.7 seeonds (twiee) and 001 seeond (12 fimes), (voltage
i~ not wiven) three times weekly, total number 11 Histologie studies revealed

a ~ingle perivaseulo hemorrhage and eapillaey thirombi in one animal s
Sinkaee and isehemin of ganglion cells near the <ite of the eleetrodes in twao
aninls,”

From this heiel review ol the literature on the effeets of the experimental
comvulsions (1 13) eleetvieally induced upon the morphalogy of the central ner-
vous svstem, one realizes thad while some authors reported marked nearohisto-
fowic changes others Tailed to find any appreeiable alterations.

In s more detailed analysis it seems to s that some of the contradietory find-
mes could be referred to several factors,

Uy Dadensity of the dleeteieal ewrvent wsed for the induction of conralsions. Some
authors have used convulsive doses inorats, guinea pigs, mbbits, eats and dogs
wrespective of the size of the animal. This fet alone might explain the yariation
trom =fight findings in dogs as reported for instanee by Cerlefti and Bing (1) and
Lidbeek (1) on the one haml, and the marked hemorrhages reported by Heilhrun
s Weil (3) who used a potential of 60 to 150 volts in rats and rabbits.

2 Flow dwradion of the coneulsive doses enrrent, Some authors used only frae-
tions ol o second (for instance 0.1 of @ sceond or 0.2 of o second); others instead
prolonged the time not only to higher fractions of o second but to full seconds or
~everanl seconds ad even minates,

S NCzeof clectrodes. Quite afew authors used in small animals eleetrodes of

<ueh dimensions that waukll cover not only the precenteal or prefrontal region ol

the Trontal lohe (as u=ed in human treatment) hut at times the whole brain and
pos=ibly pons and medulla,
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1) Frequency of induction of convalsive seizures. Some workers subjected the
experimental animals to fwo or three shocks weekly. Other investigators ap-
plied the eurrents daily and in some occasions even twice daily.

5) Tolal number of induced convuisions.  Suiii experimentors studied the
hrains following one or a few shocks, others instead reported findings following
10 or 20, 30 and even 10 repeated convulsions.

6) Selection of cxperimental animals. Dilforent authors used various types of
animals. Tt is well known from different experimental sources that not all the
Inborntory animals reaet in the same way toa given experinental investigation
and that variahle reactions are not observed only in different species but in the
different animals of the same species.  Without discussing in detail this impor-
tant factor we would like only to mention that ISehlin (14) for instance found that
the pianl vessels in eats contract vigorously on eleetrie stimulation.  The dogs are
less sensitive and monkeys less so than the dogs.

7) Careful supervision of dicts. This is essential in the course of the experi-
mental investigations, for both the control animals and those under experimen-
tation. Mild or subelinieal vitamin B; (or some of the I3 complex group), C and,
more seldom, I deficiencies (as already mentioned by Winkelman and Moore)
may facilitate or accelerate the appearance of some morphologic structural
changes. ’

It seems to us that consideration of the above mentioned seven factors might
contribute fo clarify to a large oxtent some of the contradictory experimental
reports concerning the morphology of the eentral nervous tissue in experimentally
induced convulsions.  Morcover, to avoid other objeetions we have used as far
ax possible the method of serial seetions in both control and experimental mate-
rinl.  Furthermore, we have taken into consideration another important factor:
the one of quantitative difference hetween control and experimental material.
The lindings of an oceasional acellular area, or of a few nerve cells in a state of
chromatolysis, or of a fow metachromatie hodies or of a few hypertrophic glia
cells i not asuflicient eriterion (o establish the existence of pathology inexperi-
mental investigations.  But the quantitative difference between the same occur-
rence in the normal material as compared with the experimental one is a factor
which cannot be ignored.  Finding variations more frequently and more syste-
matically in experimental material than in control material is in our opinion sig-
nificant and the findings can be more justifiably related to the experimental
procedure.

Some authors (41, 7, 9) have reported that some slight changes such as chroma-
tolysis and pyknosis of nerve eells, satellitosis or neuronophagia, rarefaction and
even =ome aeellular areas may be found, in various regions of the central nervous
svstem of the control animals.  When sueh findings were found in the brain of
animals subjected to experimental investigations there might have been an
inclination on the part of the investigator to consider them as expressions of a
normal occurrence.  We feel, however, as mentioned above that in such a situa-
tion the element of quantitative evalution must he added to that of a qualitative

one,
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Thus the study of o Tew slides and of only 1 few areas is quite inadequate and
<tz studios ol hoth control and experimental material is essential.

I this ight we feel that =ome of the milder stenetural alterations (igs. 1.2, 3.
5078 and 0 both cellulae and voeenla elinnges distributed particakarly in the
frontal Tohes (which were mostly subjeet 1o the passage of the eleetrieal patiern)
ave the efteet< ol the experimental convulsions cleetrieally indueed.

The question as fo what may eanse the cerehral st prietuen! changes in esperi-
mental eleetrie shoek comes up now Tor consideration,

Histopathologic investigations of the effeet of different types of eleetrie cur-
vent npon the central nervons lissue of mammals (15, 16, 17, 6) revealed that
o shocking eleetrie current may affeet nearly all the struetures of the brain tissue
and. mare frequentiy o, the hlood vessels (608, P 16, 1R 0n profuibile reassii Ton
the oceurrenee of hemorrhages,

'H“i majority ol investigators think that the eleetrieal current itself and its
mtensity is the most important single faetor.  Asa matter of faet, Aexander feels
that 25 maa. or more may produce permanent damage to the nerve tissue and
hlood vessels and that the eritical level (19) for morphologie altertions in herve
e it 30 ma per 3 mm. ol nerve dinmeter for shoeks of 5 second duration.
The threshold Tor reversible damage to brain tissue seems 1o b somewhere he-
tween 13 and 18 mua. persq. mm. within the path of the current nd the threshold
for irreversible damage at 20 ma per sg. mm. of brain fissue within the path (8).
These anthors ob=erved also that although the morphologie changes were pro-
dueed only in the path of the cwrrent, these changes were not always present
Mrotghout the entive path. When found along the entive path, sueh as ocearred
in higher ranges of amperage, they varied in degree at <ome points in the path.
They also noticed that in tissues adjaeent to, but at some distanee from the main
path, the effective carrent conduetion rapidly decreased, thus indieating that
there was practienlly no diffusion of the current away or distant from il main
piethy -

In one experiments we also observed that the morphologicad changes, when
present . were distributed mostly in the Trontal lohes, that is in the region which
was snbjected to the passage of the main eleetrical shoeking current.

\= for the effeets of the eleetricity on the blood vessels it has heen shown hy
Pehlin (10 that when the eurrent trnverses srteries there s an initial constrietion
tollowed hy o period of dilatation which may be severe and profonged, and eause
~eeondary hemolysis of the blood in the veins.  However, it seems tha in some
ftal enses, there may he widespread engorgement of blood vessels with non-
clotted “homogenized blood™ whiel is regarded as secondary effeet of prolonged
disorder or paralysis of the respiatory centers. Inaddition: Mexander (1
noticed that in ~hawd to hand™ contaets some cerebral changes may be due not
to the ctrent diveetly hut to =the prolonged eirenlatory disturbanees produeed
by the passaae of the carrent through the heart and the endings of the vagus
nerve.

Spicee] and assacintes (200 <tndyving the physico-chemical effects of eleetrieally
indueed convnlians in 30 dogs, observed ehanges of the peemeability ol the vas-
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cular walls and inereased permeability of the blood liquor harrier. These obse:
vations are in accord with some of our findings, such us distention of the periva:
enlar spaees, perivaseular edema (figs. 2 and h) and, in certain instances, tt
presence of compound granular corpuscies contaiiiing siderophile pigments (fig
100 and b).

Concerning the duration of the morphologie changes one must consider ths
most of the eellular changes being of the reversible type, a return to norm:
structire and funetion in due fime is very probable. ITowever, here and the
the presence of diapedesis or petechial hemorrhages point Lo the fact that such
damage, no matter how slight, may ultimately become permanent. The add
tion of other small hemorrhages may finally influence even in a slight manne
<ome of the mental processes.

In enses where stitictural damage does not oeenr it is conceivable that son
physio-chemical change may take place in the brain structure of the animal
though they may not be histologieally detectable with the available technique
In such enses histometabolie studies of the brain tissue may be indicated.

CONCLUSIONS

lectrieal enrrents similar in type, intensity, duration of eurrent flow and fr
queney with that used in human eleet rie shoek therapy, may eause morpholog
changes in the central nervous system of monkeys.

The nerve eell alterations are mostly of the reversible type. The changes a
mostly related to cirealatory disturbanees and inereased permeability of t]
blood vessel walls,  The latter is shown by distention of the perivaseular spac
and perivasceular edema (fligs. 20 and 1) and by some diapedesis of form blo
elements.  Componnd granular corpusceles filled with presumably hematic pi
ment and free pigment in the blood vessels seem to confirm such an occurren
(ligs. 1O and b).

When more intense eurrent and of fonger duration is applied, oceasional n
nute petechial hemorrhages result. This seems to support the contention th
the severity of the lesions are proportional to the intensity of the electrical e
vent. the duration of the current flow and, to a lesser extent, to the number
oleetrie shocks.

‘I'he histopathologic changes are more pronounced in the areas of tissue tra
ersedd by the main path of the current.

In comparing the slight morphologic changes in experimental animals wi
those enconntered in control animals, it is necessary not only to evaluate the
gqualitatively but also quantitatively.

Reversible ehemieal or struetuwral ehanges, and possibly  some permane
slight structural damage may he at the base of the temporary alte ations
the mental processes oceurring in patients in the cowrse of eleetrie sho
therapy.
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SPINA BIFIDA AND THE CEREBROSPINAL FLUID*

GROIGE B HASSIN, MLD.
[Chieago, 1]
AND
TUTUSRTTARRES, MDD,

al gxfen. T ""'"l

The most dramatic manilestation of spina bifida is herniation, usua
posterior region of the spinal column —a protrusion in the form of a sac f
hiid or containing a solid tumormass. — Another common but less strikir
i= not in the region of the =pinal eord but in the hrain-—in the nature
cophalus. There are o mumber of other pathologic combinations, such
ward replacement of the medulla oblongata and the eerebellum (Arno
deformity ), or defeetive numberof cervieal vertebrae (Ilippel-Feil malfo
and many others. Buey (1) in his exeellent review mentions twenty-t
of anomalics complieating this condition, and Ingraham and associates |
in 232 pationts (or slight Iy more than in half their series) 570 associated a
recordad. The type of spina bifid:cmore or less spoken of are: myelomen
meningoecle, myeloeystoeele, mehischisis (complete, incomplete, par
spina bitida oceulta. Some of these occur in combination.  For
Becklinghaunsen (3), Ieiller (O, and others diseussed at great length
forms< of rachischisis associated with ‘myelomeningoceles and other
<pina bifida, probably nnnecessarily. complieating the subjeet.  What
vieiet v, a feature common to all the types of spina bifida is a defect in t
hrae and the dura mater, the changes in the spinal cord itself and its ap)
tthie root= and spinal ganglia) heing loss constant and for the most part se
Spina bhifida oceulta seems to be an exeeption, but is not econsidered
tLoveut (5), for instanee) as spina bifida at all. The aforementioned a
were al tributed to a muldevelopment of the eetodermal and mesodermal
and mesoblast) embryonie layers from which the spinal cord, its append:
the surrounding hony structures arise. A voluminous literature exist
pathologie condition under diseussion, the vast references having been f
gathered by Hesse (6), Ingraham and coworkers (2).

While the morphologie features of spina bifida including the emb
pathologie, elinieal and surgical aspeets have heen exhaustively inve
the relationship of the bifidal ehanges to the spinal fluid, the cause of its e
accumulation resulting in the formation of a liguid tumor attracted ve
il any, attention; much less than did other complieations such as hydro
or Arnold-Chiari malformation. Yel, it would seem proper that the cases
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