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Papge One

INTRCDUCTION

Almost 126 years ago, there was published in the Lancet a letter
describing a peculiar affliction consisting of infantile scizures and
mental retardation., The author of that letter was one W. J. West, and
the case so clearly described was that of his cwn infant child. In the
letter West, both as scientist and troubled parent, appealed for what-
-ever help was available, but although others at that time were aware of
the condition, there was no known treatment to reverse or arrest the
child's worsening condition,

Since that time a great deal has been discovered and published about
the 'syndrome'! of infantile seizures and wental retardation first clearly
described by West in 1841, The bulk of the literature, however, dates from
the advent and utilization of electroencephalography. Using this new
technique, the syndrome has been elevated to a triad with the discovery of
a usually asscciated and specifie electrcencephalographic abnormality
usually referred to as 'hypsarrhythmia',

In spite of the efforts of researchers in this ccuntry and abroad, the
full story of 'Infantile Spasms!, as it is ncw generally referred to, has
not yet been fully elucidated, and full knowledge as to causation
and effective therapy has yet tc be discovered.

It is the purpose of this paper to review the historic and recent work

concerning the prcblem of Infantile Spasms,.
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REVIEW OF THE LIYERATURE

One of the problems associated with reviewing a subject in many
publications spanning miore than a century of nedical progress is that of
terminology. This study was no exception, in that through the years many
different nmames fcr the affliction and for the seizures have been used,
and to suck a degree that a short review of nciienclature is both necessary
and inforrative.

As stated albove, West was.the first person to publish a descriptionof
this form of epilepsy. As he descriiked the seizure there were two wain
characteristics; the svdden jerk of the trunk and arms, and r~petitionof
the same to form & resulay series. He was describing his own child, who in
retrospoct secms to heve been typical in mar. festing as trunk flex:. on,
and for these seizures he coined the term 'salaam spasms'.Other authors
have coined terims to describe the sare type of seizure pattern, like
1Grusskracpf! by Asal and loro in 1924 and !jack-knife convulsion! ty
Kellawvay in 1952, but other workers have considered tliese
terms .misleading as they do not include cor describe the other seizure
pat erns which mway be present. As described by Willshire in 1851 and
labeled as !Nickkraupf'!, the spasm may bte only slight and involve only the
neck and shouvlders. The speed and transiency were emphiasized by Asal in
-1924 when he used the term ‘Blitzkrampf, and at the same time he recom
mended an all-inclusive term 'Blitz-Nick=Salzamkrampf® or'B.N.S.'s. French
literature on tre subject is repleat with the term invenied hy Gestaut and
other® in 1959, 'encephalopathie myoclonique infantile avoe hypsarhythmie

!, usvally abbreviated as 'B.MeIoHe's Many ot! er torms such
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as ‘propulsive petit-mal' coined*by Janz in 1915 arc far too nonspecifice

At present the mo st popular and widely used term is that coined by

Gibbsand Gitbs in 1952: ‘'Infanrtile Spasmus'. Soxe authors,however,have
alsocriticized the use of this term because of the other neurological
meaning of the word'spasm', But as no tetter term is as yet available,
the malady is best referred to as ‘'Infantile Spasms', and that™term will
be used in this papers

Since the advent of electroencephalography it has tecome poasible to
more clearly evaluate the earlier literature, and it becomes apparent
that in several insicnces a mumber of non-epileptic cases have be en
included in case series. That factitious cases were being included was
noticed even before recert tizcs when Fere mentioned this in his studies
of 'Tic de Salaam! in 1883. But sinee the delineation of this syndronme
into its triad of spasms, retardation , and a characteristic abnormal
brain wave; the ‘'static seizures'described by Hunt in 1922 and the
‘thead nods® of Hadden in 1290 as well as others seem out of place by our
current standards.

Recent work dates from the first account of the triad given by Vazquez
and Turner in 1951, when they  desecribed ten cases of the 'new! syndrome,
Using 1951 as the turning point in the research into the nature of

Infantile Spasms, one can consider the wcrk done before that time quite
dif{erently than the work done since that time, and accordingly, the older

work will be reviewed in less detail tken the recent work
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Literature Prior to 1951

As ment‘oned above the orfiginal description of what we now know as
Infontile Spasms was written by W. J. West in the Lencet in 1841, Following
his initial couwmunication, t:ere is relatively litile in the Rritish
literature of significance uptil 1955, lewvnham, however, descriked four
cases ofteclampsia nutars! imr 1549 and Darnes likcwise described ore case
cf the saue cisorder in 1873. Illingsworth broke a long vause in Pritish
interest in the protlem with his concise desc iption of twelve cases in
1955, Although .:is wcrk is of relatiwvely recent date, it is to be classed
with tie 'older' worls tecause of its lacl of electroencephalographic
correlation,

On the continent hcwever, there were many moro repcrts published on thre

sutject in the years followimg West's original revort. In 1883 Fere ably
reviewed the suhject and reported soriec of kis owm findirgs., Fis paper
included a list of synonyms used to descrite the seizures. Fe et that time
coined the term 'tic de salaam! and relegated other terminology to useless-
~ness as being too confusing. Ee also noted variations in the types of
seizures presented, and reported hecad nods and some unilateral cases.

Fe was t'.e first to note a variatle prognosis,in that the seizures may or
may not disappear, and wss t:e first to classify the cases etiologically
into symptomatic and idiomathic grours.

Asal and loro first used the still popular Gerrman term of !'Blitz-lfick
Salaatkrampf' in 1924 In ad®.tion to describing the spas:, retardation,
and the occurrance of spasrs fin series, tiiey also menticned the ery which
is often associated with t:c opasm. In 1976 Ledorer reported on a dozen

cases and in his discussion noted the normal developremt of the infant up
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to t:e onset of the seizures, at abeut four tc six months of age. Fe also’
noted microcephaly in sevcral of his cases, and in conclusion reccmmended the
term 'pallidum epilepsid' btased cn his theory that th.e problem had anorganic
tasis centered in the pallidum,

Cne of the most important works prior to 1951 was that of Zellweger in
1948 in which he described somne 94 cases . The Enpglish translation of
the original German was the first reference to the classificaticn of the
cases into symptomatic and idiepathic groups . Some of his statements aredi

sagreed witi by lator workbrs. He felt that there was no relation to

perinatal insult or injury and that developrent is norrml until onset of
seizures, Fe wms, however, the first %o scriously investigate the problem of
mental retardation asseciated with this problem. Fe noted that the

zajority of his cases were mentally subnormal and exce it in a few cases
remained sc. He was also the first aut:or to ncte a possible sex factor

in that his case ratio was 57:37, males to feinnles.

In 1950 Lennox and Davis fescribed a series of children with massive
myoclonic jerks wuhich e deseribed as infantile spaswms, and for the first
time there is a mention of an associated brain wave pattern in that what
he described as 'slov spikc and wave! patterns uvere seen in over half the
ceses, but thén no special menticn wes made as to there teing any particular
or abnorzal pattern of interest in the E.E.G.

Thus by 1950 the clinical ranefestations hed been well established and
desc~ibeds The almost invariable association of mental retardation with
the spasms was noteds The maJor and tinor types of spas:is had been repcrted,
and their repetition inte 2 series 1wc alro reted. Scio authors had nected
evicence of ceretral damage, but no progress cn eticlogy or trentrent was
made, and no charcteristic B.B.G. pal'torn had tecn definitely associated

with the spasms,
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Literature After 1951

As has been mentioned above, in 1951, Vazquez and Turner described %en
oases of a new syndrome — ‘epilepsia generalisada en flexion,' composed of
flexion spasms, mental reterdation, and an aknormal electroencephalow-
gram, which showed diffuse disorganization with paroxysmal dysrhythmia wi
th petit mal-like spike and wave el-ments. They noted that such apattern
was quite dissimilar to the classical tlree per second spike
and wave associated with other well knowm forms of epilepsy. Among the
cases they reported, the abnermal hrain wave was noted in 90% of the
cases, and ir all the cases the spasms started in the first year of life.
An added feature of their report was the fact that they psrformed
pneumoencepialograms on 703 of their cases and found abnormality in all

those so studied. In light of the oomprleteness of their study, their paper

vas indeed the first to describe the ccmplete srndrome, on the tasisof

clinical, develcpmental, electrical and radiclogical findings.

In ti'e next few years several studies were published concerning the
problen of infantile spasits and its associaticn with chiaracteristic
brain wave abncrmalitics. Gitbs and Gibks published the first of several
works in 1952 when they dese ‘ibed 132 cases of their own, and in like
manner published work began to appear in quantity throvghout the werld.

Thus we mav *ndeed regard 1951 as tie start of a new era in the histoxry
of the synroxe, and the literature review from 1951 onwards will concern
itself with the clinical and electrical manefestations as well as the

treatzent and preognosis.
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Cliniecal Manefeststions

The card‘nal feature of this syndrome is the spasme In general, the
characteristic spasm is deseribed as being sudden, brief, and generalized.
In appearance it is not unlike a massive myoclonic jerk. The durationmay
vary- from being extremely rapid (Blitzkrampf) to lasting longer
than the above me tioned adult type mycclonic jerk. The commcnest formis
tl:e truncal flexion spasm in which the arms are outward and forward, and
the legs similarly flex at the hipse~ the salaam spasm. As was noted by

earlier autl.ors two other types of spasms are seen, even though less

commonly, and tlese manifest as hip extersicn and nodcing of the kead
or!Nick-lrrampf!. In ar ocecas ' onal case certain lateralizing features are
noted scech as greater amplitude of mcvernient on one side, or twisting to

cre side, Any of the spasm types may reveat to form a series which

terminates ty decreasing frehuency and intensity of t'e spasms. And as
was wmentioned atove tiiere may Le an associfated cry which occurs during
or after the seizure.

Asal and Foro were the first writers to delineate the turee types of
pocsitle siezures in 1924, and t:eir staterent that the flexor type
cr salaam spasm is the most cormcn and lasts the longest holds today.
Zellueger in 1948 felt that the ncdding srasm was cnly a minor flexzion
spasm, and this was agreed wit: by Livingston in 1958 who added that they
may present in series, like flexion spastus.

Spasms presenting as extensicn are considered to te reletively rare.
In 1950 lennox ncted this in *is case series repcrt and this was.backed

up by Bernard 3n 1958 whe fornd no extenscr spasms in his twenty cases.
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Of the forty cases descrited bty Drickman in 1955, fiftecn presented with
extensor spascs., In the sare paper, however, they rcported that flexor

and extensor spasiis could exist together and t:at flexor spasms could
occa_sio'nally ckange in presentaticn to mixed or cxiensor svasi:s, In 1958
Thieffry repcrted a series of thirty six cases and descrited only two

of the extensor type. Cf all the autrors reviewed, none were found who would
isagree with the assukption that flexor, extensor, lighining and nodding
spasis belong to t!ie sane syndrome and are nothing btut clinical variants,

all to ke considered infantile spasms.

Due to the fact that an irfant who can welk or stand will usually fall
when experiencing a salaam s;asm, certain authors have included akinetic
attacks as a possible mani festation of this syndrome (Livingston et al,
1958), Bower and Jeavcns digputed this idea by simple observation of muscle
tone during spascs suffered by their patients, as well as
pointirg cut that the classiczal E.E.G. pattern of akinetic attacks, the
t"ree cycles per second spilee and wave described by Lennox in 1945, was
absent in all their cases.

That the spasn is of brief duration is agreed to by all authors, In 1924
Asal and Moro reporited an average time of two scconds. Thieffrey reported
one to t'irty seconds in 1958, and Roger agreed with one second or lenger in
his 1960 case series repert. In none cf t!'ese papers were there
distinctiors made as to type of seizure, t''us the coxbination of 'lightning!
'salaamtattacks probtabl - accounts for the variation in times.

Electromycgraphy during spasm kas teen stvdied br toth Pampligiene and
Roger in 1960, and a pattern consistent witi t-nic spasms and 'grand ral!
was noted in each of thc several cases sté’ed. Pampligione denied any

spinal origin for stel. srass in ‘s report.
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Few authors give mention to any lateraliz’ng or fccal elements in the
spasis of their case series. Jeavons and Bower, hcwever, noted such
featur esin thirteen percent of their 112 cases ir 1964. They also noted

that almest all of these cases were of the smptomatic group.

Druckman ard Chao reportad that it waes comacn to find that the 'twilight
state', just bufore slecp or upon waking, acts as a precipitant to
spasms, In the saime 1955 paner the authors freported that feeding also
acts as a stimulant btut that sudden ncise or other sensory stimuli
are selcom noted. to precipitate attacks. Desci:amps pointed cut in 1958
that a normal loro reflex in infants must be ruled out as it can also
be evoked by the akove mentioned stimli. He also noted that in the Mero
reflex tiie fingers grasp, vhereas in the usual infantile spasm they are
extended.

Several authors “2ve repcrted the coexistance of other trvpes of epileptic
seizures in some cases. In 1952 Gibks and Giths reperted that nine per
cent of their cases had othkr fits. Matthes found fifty four percent in
his 104 cases and Jeavcns and Bower noted other types of epilepsy at some
tize in fifty percent of their caces.

The sccond cardinal featvre of this srndrome is t'e fact that mental
retardation is found in association with the spasms. The first report of
an association witi: data was by Gibks ahd Gitbs in 1952,at which time they
felt that thirty percent of their patients were retarded. In the past
several years most arthors report figures of ninety percent or more,
such as 97% by Jeavecns and Bower in 1964 , and 90% by Latthes in 1963.

Yost cases have been rerofted as being severely retarded but forwmal
testing of functional abilify has been carried out only since the advent
cf steroid therapy in 1958,
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Some exanples of strdies w:lez Lave evaluated patisnts as to the
presence and degree of mental retardation begin with tie 51 patients of
Baird in 1957, 43 of whon were btelow 50% on the Gesell developmental
quotient scale, the remainder teing untestable. Dailly ir 1961 repcrts

retardation in all his patiants witl. most being undnr a figure of 40%

on t7e Gesell scale. In tieir 1964 study of 112 cases, Jeavcns ard Bower

reported 97% showing retardation with 73% showing severe retardation or

35% or telow on the Griffith scale.
In 1955 Dr-ckrman and Chao reported tihiat patients without series of

seizures had a better mentality, and this was confirmed by Thieffry in

1958, In beth of th:ese case ser’es,however,there was no fcrmal testing,

As Illingworth pointed cut in 1955, the retardation seen in tiese
patients is of a differentigl quality. The areas of funciion most affected
are thosc of the personal-social abilities. As he pointed out, tlere may
te such scvere failure in social responsiveness that the chiild may te
considered blind by those ténding him,

The third and most recently discovered element of the triad of findings
corposing the syndrome of imfantile spasms is that of the electro-
-encephalcgraphiic data,

As was rolated to previously, Lenncx and Davis in 1950 described slow
spike and wave act!vity in cases of massive myoclonic jerks, but made no
special comment as to there being any particularly unusual E.E.G.
features. Vazcuez and Turner in 1951,hcvever, stated that the E.E.G.
patterns of tlieir cases of ‘nfantile spasrs showed a characterigtic and

difluse disorganizaticn with paroxysmal dysrirythmia siriler to thet scen

in petit mal epllepsy.



Page Eleven

The name 'hypsarhythmia' was first applied to the characteristic E.E.G.
pattern by Gibts and Gibbs in 1952 when they pubtlisiied the report of their
132 cases of infantile spasms. Other worlzers on the continent recognized
the pattern and its assceiation but ascighned differing nares, such as
IType B Myoclonus' by Gestaut and Remond, and 'diffuse gemischte kampf-
~-potential! by Hess and Neui aus. However the name in nost commcn use is
that of 'hypsarrhythria', and that name will te used here.

As first descrited by Gibbs and Gibbs in 1953 the characteristic
record of hypsarrhytimia is e~mposed of high voltage, random, slow waves
and spikes in all ccriical areas. Suci: spikes are variable in locationand
direction and may appear to arise frcm single or multiple focie The
spiking éces noct show the riythmicity or organizaticn seen in petit mal
recordings, and in a word may be descrited as chaotic. The original
findings of the Gibbs! have been noted again and again and confirmed by

several authors including; Dernard in 1958, Dailly in 1961, and
Trojaberg in 1966 as well as oth?rs.

In 1960 Trojaborg difirentiated hrpsarrhythmia from petit mal and petit
mal variant by*the lacl: of synchrony of abnermalitics, and expressed the
number of syne:ronous spikes as a percentage of the total spikes, and
fornd a low figure in tl.eir cases of hypsarriatimia. Thiebaut described
several types of hypsarrhythnie record inl955, and indicated that there
was a tendency for the E.E.Ge to show transitional recordings.

The term 'modified hypsarrhytimia' has been used tc describe atypical

recordings by rany autiors. Draclman first vsed it in 1955 to describe
records whicl: showed more synchrony, and in the sare manner ":as been
used by: Bernard in 1958, Dcilly in 1960, latthes in 1963, and Trojaborg

in 1966.
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Gibbs and Gibbs as well as Hess and Neu! aus both noted in 1952 that
thore was a tendency for fccal spikes to occur as the disease progressed and
the chaos dirinished, They also noted that suc!: foci were of ten

situated in the temporal regicns. Rebufat was one of the first to note that :

records takeh at an early age may not sihow ":ypsarr:ythmia although
it dovelops later. Le also ncted that scrme of tie early records showed focal
alncrmalities. This firding has been confirmed by Mat' hes, who
also noted as has Trojaborg in 1966, that with therapy and the disappearance
of the chaos of hypsarrirthria the focal abknormalities re-appear. There
ig now general agreement t-at with time the chaos disappears and there
is a transition to a pattern of synchronous slow spike and wave ‘discharges.
Tltimately tiie record will either become norwal or show focal discharges
as has been confirm:d by Jeavons in 1964 and Trojakorg in 1966,

As Gitks and Gibks first noted the sleeping state induces a certainamcunt
of rhythmicity in the record, with periodic brief birsts of high
voltage sl i uaves and spikes followed bty low activity or silence. Many
authors, including Jeavons in 1964, have desciribed the sleep-pattern and
have sugrested that hypsarrl: 'thmia-may in fact only becore apparent in
certain cases wien tie c1ild is asleep, and thus s:ould be taken in all
suspacted caseos.

During the actual spasm,a discharge of fast waves and higih vcltage
spikes is scen. But to this desceription by Gibtbs in 1952, liess added the
desciption of two t;pes of record, one wit: prominent spikes and slow
iaves and the other wi t° a reduction in activity and a flattening of the
tracing. Jeavens revicwed 'is cases in 1964 and noted the presence of all
ti'ese typves of recerds as well as sete rocords showing nce change at time

of spasme But he felt that the cormenest E.E.G. pattern associatod with
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spasn was the initial spike wit: or without slow wave followed by a
flattening of %ke trace wit: a slow roythm with grzdval J nerease in
freauency and amplitude until tize chiaotic spikes and slcw waves reappear.

In all of the case seriss mentioned thvs far, it has been seen that
hrpsarrhythmia or modified 1::rsarrhjit'mia wmes found in 50 to 100 per
cent of cases with infantile spasms. Iivingstcen found it in 86 percent of
his 698 cases, lMetthes in 96 percent of his 104 cases, Ioeffer on 85 per
cent of his A0 cases, and Jeavens in 66 per cent of lLiis 112 cases. In all
of the studies akcut 1 to 15 =er cent will show normal or nonspecific
recordings, and other epilaptic or fceal rccord appear in from 1 tp 30
per cent., All of the abocve refer to presenting brain wave patterns, when
the syuptoms :.ad beeccre aparent,

The occrrrence of hypsarrhythmia without infantile snasrs have teen
reported in a few cases by kMatthes in 1955, Baird in 1957, Bower in 1959,
Trcjaborg in 1961 and 1966, and Foeffer in 1963, liost of those cases
shoved evidence cf corslbral damage, vere retarded and had seizures,
of various tyrpes.

Jeavons and Bower in 1964 summarized the probtlem and ststed that the
E.BeGe is very useful in il e confirmetion of cases of infantile spasms
and that a rormal reccrd rmekes the diagncsis unlikely. They also noted

that in about onc ti:dird of cases %:e record will te epileptic but not
hypsarrythmic.
It is generally agreed by most avthors that hypsarrhvtbmia is an E.E.Ge
pattern associated with infancy only, and tha+ it disaprears with age.
The pattern is uncormrmion after-the age of four or five years, as was shown
- @isappearance in 94 per cent of their

by HUess and Fewhaus in 1952 w:en t1e
cages by the age of five and all by the age of sevem. This finding has
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teen confirmed by Jeavons in 1961 and 1964 as well as Trojaborg in 1966,
lost authors describe the ccurse of maturation as beins characterized by
increasing organizaticn of t1e aknormal discharges, but few mention a
fingl develomment of tynical three cycles per second snike and weve activity.

Some of the other clinical parameters of this svndrome include: onset
in the first year of life, and a vreporderance of male cases,

Most anthors reviewed repcrted a peak age onset at six months with a
range of from three to eight- :» months. Roger reviewed the European
literature in 1960 arnd found a range of from t:ree to eighteen months
with most case~ in t*e first vear of life. Jeavons reviewed the trtal
reported cases in the American literature up to 1964 and found that 70
per cent showed onset within the first six months and 90 per cent within

he first year of life, and in their own group of 112 cases reported a
peak age cnset of five months with only three cases teyond one year.

¥Most of the authors revieved reported t:at the sex distribution of

their cases demonstrated a preponderance of male ‘cases over female .cgses
which was as high as two to one. The high prepcnderance of 2:1 was

reported by Zeliweger ir 1948, Gibbs and Gibbs in 1952, Trojaborg in

1960, latthes in 1963, Jeavens in 1964, and lloeffer in 1963, Livingston found
a male to female rntio of 1l,1:1 in 1958, and Volzke a ratio of 1.4

to 1 in 1967. Other authors, however, have found no difference in sex

distribution, sueh as Thieffry in 1956 and Dailly in 1961,

Etiology and Classification
One of the original workers in this problem of infantile spasms, Fere
in 1883, divided the cases into two grovps, symptomatie and idiopathie,

Zellweger repeated this grouping in 1948 and it is used universally today.
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In the symptomatic group there is usually evidence of a recognized
pathologic process and it is usuallr found that mental development was
retarded before the onset of infantile syesms. In the idiopathie group
the child is usually noted to have developed ncrmally and to have been ¢
of normal bealth until the sudden onset of spasms, and to be retarded
develovmental-wise after the onset of spasms.

Many avthors, including Gestsaut, Illingworth, Chao, Thieffry, and
Jeavons have reported t-at the onset of spasms vas associated with the
cessation cr regressicn of mental developrent. Baird felt that 27 out of
his 51 cases in 1957 were retarded from birth, as did Thieffry in 10 out.
of his 30 cases in 1958, In 1964 Jeavons felt that the symptomatic cases
were retarded from birth, but pointed ouf the difficvlty of assessing the
development of young infants, especially if they have spasms at early,
age.

In the symptomatic group the cormonest etiological factor is cerebral
birth injury. Livingston found this in 64 per cent of his symotomatic
cases in 1958, Gestaut in 1953, Gibbs in 1954, Druckman in 1955,
Kellaway in 1959, Bower in 1961, Matthes in 1963, Jeavons in 1964, and
Stephan in 1967, all commented on the etiology of symptomatic cases.
These authors found perinatal and prenatal causes in from 25 to 55 per
cent of the symptomatics, developrmental abnorralities as causes in from 5
to 20 per cent, central nervous system infections in up to 18 per cent,
and other trauma in up to 7 per cent. Jeavons points out the difficulty
in deciding vtether the clinical pi.cture of brain damage is of rre-~ or

perinatal origin in t:e neonatal period, and discourages a semarate

nrenatal etiology catehory as do several other avthors.
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Cther disorders which have fkeen reported as being causative factors in
patients with infantile spasms have been: vascular discrders, dehydration,
sukdural hematemata, svphilis, tuberose sclerosis, Sturge Weber syndrome,
Tay-Sachs, toxoplasmosis, prenylketonuria, and disturbanced of glyecine
metabolism.

Immunisation against diphtheria and pertussis has been regarded as a

etiological factor since the first mention by Baird in 1957. Fe found
that 9 of his 24 cases wliio had developed normally up to time of spasm. onset

nad DPT immunisation just prior to the onset of spasms. Bowerec. Bowere
was irpressed with the freguency of cases in whick the spasms started
vithin a few days after an immunising procedure in his 1960 paper.

Jeavons noted sixteen out of his 112 cases “ad onset of spasms withinone

week of an immunisation procedure. In that study 86 out of 112 were
classified as symptomatic, and 39 had teen immunised prior to onset.

The problem of irmunisatinns was dismissed as coincidental by Illingworth
in 1957 and Livingston in 1958, but more recent work raises serious
questions as to the exact relationship..

The Idiopathic group includes those cases of infantile spasms for which
no apparent cause can be found. The portion of the total cases which fall
into this category is usuwally a little less than half, Studies by the
same authors mentioned in ‘the symptomatic group above report per cent of
total cases values ranging from 36 to 57, with a mean of about 44 per
cent, In these cases there is normal birth and development until the

onset of snasms.
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In many cases of infantile.spasms, ‘éspe¢ially thosecclassed in
the--sympto--matic group, accoxpanying neurological abnormalities are found.
As earlyas 1926, Lederer cormented on the common occurence of microcephaly,
and this finding is berne out by most avthors, particularly in the sympto-
-matic cases.Cergtral Palsy is another finding frequent in the same
group. Gibbs and Gibbs found it in 17 per cent of their cases, Trojaborg in
43 per cent in 1960, Millichap reported 58 per cent in 1962, and in
1964 Jeavons reported 25 cases out of 39 in the perinatal symptomatic group.
An associated severe neurological abnormality, either spasticity,
hemiparesis, or athetosis, was found in 51 of 73 cases by Druckman in
1955, and at the same time he found only 14 per cent free of neuro-
-logical abnormality. Kellaway in 1959 noted 60 per cent of 250 cases showed
one of the akove mentioned abnormalities, and that only 11 per

cent were neurologically normal. In 1961 Bumerruth reported spasticity
in 38 per cent of his,cases.

Blindness in these patients has been reported and discussed by many authors
since it's first mention by Janz in 1955, That interpretation

and others by Thiebaut and Baird were thought to be incorrect by

I1llingwerth in 1955, Thieffry showed in 1958 that only 2 out of 1l
cases thought to be blind by investigators were actually blind. He
stated that it was the severe mental retardation in those cases and lack
of response to the environmental stimuli which lead the observir to
the conclusicn that the child could not see, At the same time Thiebaut
reported true blincness and optic atrophy in 4 of 25 cases examined by >
him. Millichap felt that 30 per cernt of their cases were either blind

or man:fest visual innattertion in his 1962 study.
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In many case studies radiographic studies are done to examine the
structure of the central nervous system, Suc:x studies usually take the form
of pneumoencephalograms, and they frequently demr~nstrate ébnormalfindings.
The most commonly reported abnormalities are atrcphy of the cortex and
dilated ventricles. The notable study by Vazquez in 1951 reported

abnormality in all cases, and the same 100 per cent rate has been found by

Chao in 1955, and Trojaborg in 1960. Cther studies have found atnormalities
of this exam in most but not all of their cases,

such as Livingston in 1958 with 93 per cent, Dumermuth in 1961 with 96

per cent, and Matthes in 1963 with 96 per eccnte Reviewing the Evropean

authors in 1960, Roger found fipuras ranging from 22 to 72 per cent.

Since 1960 to present, reviewing European wecrkers with sufficient English
abstracts or surmaries, the reported figures are somewvhat higrher, in

the range of 50 to 85 per cent. As Jeavons pointed cut in 1964, no work done
distinguishes between the symptomatic and idiopathic groups as far

as the pneumoencephalcgrams are concerngd, and no difference in the greups
has bkeen reported.

Many workers have socught for biochemical abnormalities in cases of
infantile spasms, but as yet no definite findings rave been shown in the
majority of cases.There is general agreement that phenylketonuria may
present with this syndrome. In 1957 Low reported infantile spasms inseven
of twenty-three patients with phenylketonuria whose ages ranged from seven
months to forty-seven years. Six of those with spasms showed
hrpsarrhytimia on their electroencephalograms. Most other reports on
phenylketcnuria only rarelv mention infantile spasms, dne possibly to

less interest in seizures t:an the more classically asscciated retardation.
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In the more recent literatire, however, since testing for phenylketo-
-puria has become more conmon, more case series of infantile spasms have
included patients with the biochemical abrormality. Dumermuth found two
in bis 35 cases, Millichap one in 61, Matthes two in 104 in 1963, and
Jeavons one case in 112 in his 1964 study.

Although hypoglyecemia is often suspected and searched for bv most
workers, it is rarely found in children with infantile spasms. !illichap

found one case in his 1962 scries, Bower found nb cases in his 1961

series as had Raird in 1957. Jeavons found one case of leucine sensitive
hypoglycemia in his case series of 112 patients.

In recent years a discrder of tryptophan metabolism tased on a relative
or absnlute deficiency of pyridoxine has been reported by several
anthors but the significance of such findings remain uncertain. In 1959
Cochrane reported that five infants with infantile spasms showed abnormal
tryptophan lecading tests, e also reported that using pyridoxine in large

dcses he was able to produce improvement in epilepnsy, E.B.G. findings,and

mental level. These findings were echoed by Jeune in 1959 also.

An unconfirmed finding is that of low in 1958, at which time he reported

1

tiat a diet low in tryptophan produced clinical and electrical changes

for the bethter in one child with infantile spasms. Bower reported a

normalization J} the tryptophan loading test using A.C.T.M. therapy inl96l,

as well as a clinical improvement. In the same study he felt that
although prridoxine impreved the chemical abnormality, it did not always
improve the clinical status as A.C.T.H. dide From his study and a review

of other cases, ke concluded taat although there was evidence of pyridoxine

deficiency in some canes cf infartile spasms, the cerebral abnormality



Page Twenty

was not usually reversible on pyridcxine tierapy, and that A.C.T.H. must
act throuvgh some other pathway. Hellstrom and Vassella reached the same
ccnclusions in their 1962 study, and likew:se could nct explain the

action of A.C.T.H. and stercids on the kasis cf a disturbance of pyridoxine

metabolism, Jeavons and Bower in 1964 reported four cases on infantile
spasms witn atncrmal tryptop-an loading tests, but on the basis of their
data could elaborate no furtier than the above conclusions,

In an extensive study of tryptophan metabclism in children with epilepsy

of various tvpes by Hughes in 1966, it was found that t'ere is

no correlation between the etiolcgical sukgroup of infantile,or for that
matter any child7ocd spasms,and akncrmalities of tryptophan metabolism.
Alsc the presence or absence cf epilepsy itself seems unrelated, as do
t:e E.E.G. and mental firdin-s. They concluded that trypteophan studies

cruld provide no aid in the diagnosis of c¢ nvulsive disnrders.
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Neuropathological correlation has never been ver- extensive in case
reports of infantile spasms and the nunmber of autopsy reports is small, Of
the few autopsy reports t:at include histological details the findings,
either macroscopic or microscopic are extremely variable.

In 1959 Pamherger reported one case with atnormalities in the grey
matter and microgyria, whick, he felt, reflected arrested cell dewvelop~
-ment. Also in 1959 Kellaway descrited a case of pcrencephaly and ancther
case with encephalitis confined to the thalamus and upper brain stem.Poser
in 1960 found edewma and spongy degeneration in three cases. Farrisin 1962
examined tissves from 1l idiopathic cases of infantile spasms
but dermonstrated no significant findings structurally or on chemical
analysis. Sinton in 1962 reported a symptcmatic case with degeneration
in the cerebellum. Tucker in 1963 reported a case with minor changes in the
white matter with increased micr- glia and astrocrtes, but no other
changes. Jeawons in 1964 repcrted on three cases but all had nonespecific
orrfcrral findings. Thus it would sppear that using present
methods, pathélogical correlation is, in general, unfruitful,

The actval cause er pathogenesis, as is evidenced by the akove cited
literature, of hypsarrhythmia and infantile spasms remains to be

discovered. A variety of thenries have been proposed by the several
workers inthis field, beginning with Lederer in 1976 who assigned fault to
a disordered pallidum, a view whick as recent a 1958 has found

support in the writings of Sniegel. Vazquez in 1951 felt that the cause
was liberation or excitation in the train stem. Gikbs and Gihbs regard the
E.E.G. pattern associated with the spasms as a desynckronization

arising in the reticular forration, cavsed by its libteration from cortical

influence. This view was in mart supported by Rarcis in 1959 when he
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pointed cut thit the peak onset of spasms ccincided with the time of
estatlighment cf co-crdination betwoen ccrtical and subcortical structures.
In 1958 Deschamps cermented that the slow spike and wave seen in hypsar-
~rhyt:mia is also seen in cases of cortical atrophy cr cortical lesions.But
Jeavons pointed out in 1964 that hvpsarrhythmia has features in

cormrn with the E.E.G. seen in grand mal, and he felt that the mec-anism
cculd te liberaticn of subec rtical mecranisms due to cortical damage,

or inco-ordinated excitation of damaged@ subcortical structures. Kreindler
in 1965 in "is revieu of experimantal epilepsy felt that the ultimate

pathophysiolegical mecchanism was still unknown.
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Treatment and Prognogis

Only in the last ten years has the treatment of infantile spasms begun
to show a certain measure of success. In the past it has been virtuwallya
hopeless undertaking. Practically every anticonwvulsant known has been
utiliged in an attempt to control the seizures, and none have succeeded.
In rare instances the barbituates have been atle to at least temporarily
control the spasms, Various authors have claimed success with .various
drugs but no consistently successful agent has been found. In some cases

spontaneous remissiocn ray complicate evaluation of results.
Gibbs and Gibbs in 1954 revorted that in their hands chlortetracycline

wvas a useful agent. Their work dated from t:e assertion by Stamps in 1951
that chlortetracycline was a valuvable agent in epileptic patients. Diet
has been forwarded by several authors as a means to control, such as
Livingston in 1958 who claimed complete control in 91 out of 186 cases of
infantile spasms using a ketogenic diete In 1958 Low reported that inhis
hands various diets deficient in variovs amino acids showed little
benefit.

The first real advance ih the therapy of infantile spasms and
hypsarrhythmia dates from tre work of Sorel and Dusaucy-Pauloye in 1958,
At that time they reported encouwraging if not dramatic results using
4.C.T.F. combined with chlorpromagine. They reported cessati-n of the
spasns, improvement and cccassicnal ncrmalization of the E.E.G., as well
as improvement in mental functioning if the treatment were started

early in the course of illness.,
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It is often difficult to evaluate the work of past authors concerning
the results of treatment because many do not classify the cases, thus
making it difficult to tell whether the idiopathic or symptomatic cases
are better suited to corticotropin therapy. Also the methods of treatment
vary, and the degree of E.E.G. confirmaticn, assessment of mental state
or change in ability, and the definition of improvement differ from
worker to worker.

In reviewing the results of A.C.T.H. therapy for infantile spasms and

hypsarrhvthmia in t@e literature, the mmber of workers is impressive.

Sorel, 1Y58-59 Kicrboe, 1960 Matthes, 1963
Dumermuth, 1959, 61 Pacli, 1960 Petersen, 1964
Gestaut, 1959 Trojaborg 1960, 66 Sehmidt, 1964
Dufresne, 1959 1 1 Helstrom, 1%65
Thygessen, 1959 ﬁlif}, 1 %1 Chieffi, 1965
Dobks, 1960 Iow, 1961 Jeavons, 1964
Fuluyama, 1960 Sci effer, 1961 Macegnani,
Brandt 1960 Degen, 1963 1966 Alvin,
Chen, 1960 Finne, 1963 1922 Volzke,
9

In all of the above group of authors, which is by no means the entire
list but only those writing or translated in English, there is represented
a total of over eight hundred cases of infantile spasms and hypsarrhythmia
treated with A.C.T.H. or steroids. In compiling the averapge firdings,which
can be expected to have rore validity than individual results, the effect
of steroids is generally impressive. In slightly over 60 per cent
the authors claimed to rave hrought about cessatinrn of seizures. In 75
per cent the spasms were either stcpped or reduced, and in 25 per cent’
no beneficial effect was noted. 4s might be expected, the exact same
figures were obtained when the results of the same therapy were analysed
using E.E.G. resvlts. Approximately 55 Per cent showed normalizetion of

the brain wave, 75 per cant ifproved, and 25 per cent unchanged.
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The above data includes all the cases in each series regardless of
etiologic classificaticn, Since most authors do nct break down their

series in this manner it is difficult to evaluate whether A.C.T.H. will
benefit one or the other class of patients to a greater degree. But of the
studies which did take .into accrunt the etiolcgic classes, the

idi-pathie group is seen t¢ “ave success results appreximately twice that
of the symptomatic group. Felstrom in 1965 reported 64 versus 36 percent

by grouping showing disappearance of seizures, and 41 versus 20- percent

by grcup showing normalization of E.B.G. In 1964 Jeavons reported that 84
per cent of the idiopathic cases on A.C.T.H. or steroids ceased seizuring
versus 47 percent in the symptomatic group. As regards E.E.G.s, he
reported 47 versus 33 per cent normalization on therapy.

The above data relates to the results of initial therapy with corticc-
-tropinsg or sterrids and in nc way represents long term results, and in
fact, only a few studies have been in progress long enough to offer long
term results.

Corticostercids have been used in the treatment of infantile spasmsand
hynsarrhytimia sinee Sorel's first paper in 1958, The results have been
variable and they seem to funetion no better or worse than A.C.T.H. Dobts

gave prednisone to ten children in 1960 and oktained improverent in two.

Low repoerted cortisone similar to A.C.T.H. in 1960. Bower felt that
A.C.T.M. was slightly better than predniscne in 1961, and this wasechoed
by Jeavons in 1964, and Finne in 1963,

There are a small number of reports concerning the use of dexametha -
zone in the literature, most of which are favorable., Mattes and his

coworkker Muhlburger reported that Dexamethazcne gave therapeutic resuls

which were equal to A.C.T.H. in 1963. They gave the drug at intervels
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for a period of three wmonths and then increased the drug-free interwval
in the sutsequent three months. Using this regimine they were able to
arrive at intervals of twenty drug-free days without spasms ktetween
intervals of medication for ten days. The same plan was used for both
dexamethazone and 4.C.T.E. and the results were the same. Similar
results were repcrted by Dumermuth in 1959 and 1961 comparing A.C.T.H.,
dexamethazone and nydrocortisone, all of which he focund equal in effect.

There is general agreement that A.C.T.F. and steroids have a beneficial
effect on the spasms and E.E.G., but it is clear that the immediate
effects of therapy are much better than the long term effects, for the
relapse rote is guite high. This was mentioned by Matthes above and also
by Jeavens in 1964 with his long term follow-up series.

There is also general agreement that the effects of A.C.T.H. and or
steroids are not as beneficial for the preoblem of mentality, for only
a few cases have been repcrted as becoming normal or more normal. Sorel,
in 1960 repcrted that he obtained complete cure of infantile spasms and
returen toc normal mental functioning in nine cases out of 47. His cases
were all carcfully selected to have negative family histcries, normal
birth and develorzent up to onset of spasms, onset between 3 and 9 months,
symmetrical spasms, typical E.E.G. pattern, and no other abnormalities.
Also, all of his cases were stcted oh treatment withinone month of
onset. Gther studies in the literature report similar results, but in
general, mental improvement is still uncommon, but may nccur in selected
cases especially if the initial degree of suhnors

-mality is mild, or the treatment is started shortly after the onset.
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In 1964 Markham reported on the treatmant of seizures in infancy and
childhocd, and commented that ei:ildren with hypsarrhvtbimia responded
satisfactorily-to treatment with nitrazepam or Mogadon. Cther reports
were published by Gitbs in 1965 and Weinmann in 1966, Both of these
writers reported similarly satisfactory results. Cne of the most recent
repcrts and one with the greatest number of cases and the longest follow-
~up is that by Volzke in March of 1967. In that paper he presents 24
clinically and electrically typical cases of infantile spasms, and
reports control of spasms and improvement or normalization of the E.E.G.
in 13 cases, and temporary remissions in 6 cases. These results compare
favorably with the other amnthors mentioned above, suggesting that this
new agent is at least deserving of further research and trial., In the
opinion of Volzke, which is echoed by Peterson just recently in
September of 1967, Mogadon will benefit those patients that most fully
satisfy the general successful treatment criteria set down by Sorel in
1960, and will be of lesser or no value in those patients who do not
satisfy the criteria.

Remissions also cceur under nitrazepam and if they are to ocecur, usually
do so in the first six weeks of treatment. Volzke detected 2 out of 13
controlled cases with recurrence , btut they respnnded to an increase in
dosage for periods of up to two years. In the cases with temporary remission,
apparently no such opportunity is available, all of th:ese cases having
reverted within two weeks.

Thus it bocomes apnarent that infantile spasms is hecoming in creasingly
amenable tc various forms of treatment capable of providing full, even
if temvporary, cnntrol of spasms in more and more cases. But the effects
of therapy on the mental and motor development of such cases is less than
satisfactory, being possitle in many cases to halt further deterioration

but failing to restore normaley in mt a few cases.
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Summary of the Syndrome

The syndrome of Infantile Spasms includes three cardinal features;
spasms, mental subnormality, and hypsarrhythmia.

The spasms are of three main types; flexor, extensor, and nods, but
flexor are by far the most common type presented. Any of the seizure-
types may occur in series, and a cry often accompanies tlie spasm.

Approximately YO per cent of the cases manefest mental retardation,
usvally of the severe type.

The electroencephalographic pattern is abnormal in almost all cases.
The classic and typical pattern shows as a chaos of slow waves and spikes
known as hypsarrhythmia, but as many as one third may show other patterns.

Cases can be grouped in two general etiological categories, sympto=-
-matic and idinpathic. In the symptomatic group pre-natal and peri-natal
factors are the commonest presumptive canses of the disordsr,-but a wide
variety of known patholngical conditions may give rise to the syndrome,
There is a possibility that early immunization may sometimes be the cause.
Neurological and other abnnrmalities are fcund in the symptomatic group,
and mental retardation dates from birth or fromz the known etiologic
condition.

In the idiocpathic group are those cases who develop normally and in
vhom there is no clue as to causation .

The cnset of the symptoms of this syndrrme is usually between the ages
of 3 months and one year, with a peak onset age of 6 months,

Several cases of infantile spasms with ass-ciated metabolic disorders
have been reported, such as phenylketomria and :ypoglycemia. Evidence
of a disorder of tryptophan wetabolism secondary to pyridoxine deficiency
has been reported more frequently. The role of such disorders in the

syndrome remains unclear,
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Autopsy examinaticn and neuropathological correlaticn has, as yet,
‘demcnstrated no consistent abnermalities cr patterns.

The natural history of the discrder is such that in untreated cases
the spasms tend to cease arcund three years of age, and are very rare
after the age of five. The electrcencevhalcgram of such cases usually
loses the pattern of hypsarrhrthmia and demcnstrates focal or generalized
discharges. Some cases will graduate to normal brain wave patterns. And
some cases will go on to other forms of epilepsy. Unfortunately, mest
vntreated cases remain mentally subnormal.

The usual anticonvulsants have no effect on the disorder. Lately
dramatic effects on tie spasms and the E.E.G. have been attriibmted to
treatment with stercids, A.C.T.H., and mcre recently,nitrazepam.‘?elapse
on any frrm cf treatment is still common., Improvement in mental status is
still rare, but may occur in select cases in which treatment is started
early and the initially mental subnormality is mild.

Prevention of this disorder will be possible when tbe researchk into
the cauvses of infantile spasms is complete. There would seem to be no
ready answer as to causation in the idio pathic group,and basic research
in the areas of neurochemistry and neurophysiology is more likely to
provide such informatien than the present and past concentration upon the

clinical features of the syndrome itself.
Thus much mere research: is needed, probably requiring entirely new

methods and ccncepts for its completion, for medical science has far to
go before the picture of infantile spasms, or epilepsy in general is

complete,
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