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OTTAWA, April 21, 1955.

JW. Boyes, Esa., '.D.,

Chairman,

Department of Genetics,

MeGill University,

UDNTREAL, Quebec.

Re 7 Project "Study of Genetics of Epilepsy"

Dear Dr. Boyes:

ao Thank you for your letter cf April 7th and for
aL + ARs,

a “the uo copissof the final report on this project which
es LE LET

“game along from Dr. Gregoire.

The report has been passed along to Dr. Roberts

: for his perusal. We understand he is at present out of
“the city and will not return for about a month. However,

on his return he will let you know If a supple-ent to the

present data is required.

Yours very truly,

Gordon E, Weide, “.D., D.P.u.,

. Prineinal Medical Officer,
iWW/Jje National Health Grants.
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Memorandum: Dr. Roberts

I have not acknowledged this letter

as I thought you might want to make some

comments on the report. -

MV.
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McGILL UNIVERSITY

MONTREAL

April 7th, 1955.

Dr. Gordon E. Wride, D.P.H.,

Principal Medical Officer,

National Health Grants,

Ottawa, Canada,

re: 60l-5~25 - Study of Genetics
of Epilepsy

Dear Drs Wride,

This is to let you know _ that I have forwarded to you,

through Dr, Jean Grégoire,(two co ie8 of our final report on

the Study of Genetics of Epilepsy - Project No. 60-5=25, -

I regret that we were unable to forward this to you

promptly as of March 3lst and hope that the slight delay will not

be of any inconvenience to you.

_. In presenting most of the data we have used to a con-

siderable extent histograms combined with pertinent data, We feel

that this method of presentation is the clearest, but appreciate

that you may desire to have a more detailed presentation of the

actval data used in the preparation of these histograms for use in

statistical analyses. If this is your wish, we will of course

prepare a, ; supplement setting forth in more detail the data and their
analyses. :

With very best personal regards, I remain,

Yours very sincerely,

J. We Boyes, Chairman,
ae Department of Genetics, 4
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OTTAWA, April 15, 1955.

Jean Gregoire, Esq., M.Dey D. Ps Hey

Nenity Minister,

Ministry of Health for the

rovinee of Quebec,

QUEBEC, Quebec.

ATTENTION: Dr. J.C. Boaudet

Re: Project "Study of Genetics of Epilepsy

(McGill University")

Dear Dr. Gregoire:

This will acknowledge, with thanks, receipt of

your letter of April 7th forwarding two copies of a final

report on the above mentioned project.

Yours very truly,

Gordon B, Wride, M.D., D.P.H.,

Principal Medical Officer,

National Health Grants.
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Quebec, April 7, 1955,

Doctor G.E. Wride,

Principal Medical Officer,

Health Insurance Studies,

Department of Naticnal Health & Welfare,

Optawa, Ont.

Res 604-5-25"Study of Genetics of

: Epilepsy.

Dear Doctor Wrides:

With reference to your letter of

March 16th I am enclosing herewith two copies of

a final report or the above mentioned project.

Yours very ‘truly,

Jean Gregoire, M.D,
Deputy Minister,
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Project No. 605-25

Final Report —

March 31, 1955.

Ie

~ STUDY OF GENETICS OF EPILEPSY -

INTRODUCTION

1-13

Throughout the history of epilepsy various investigators

have suggested that the frequency of convulsive disorders among the rel-

atives of epileptics may be several times higher than among the relatives

of non-epileptics. However, the earlier estimates were based mainly on

the presence or absence of a positive family history, and often without

regard to the genetic relationship of the affected individuals to the

proband, Consequently, because of the wide distribution of the epileptic

symptom=complex throughout the population, reports of eighty percent or more

of positive family histories were not uncommon. It was not until com-

paratively recent years that the statistical approach has been employed,

using the correlation, contingency and twin study methods,

The chief contribution in support of an hereditary factor in

the etiology of epilepsy has been made by Lennox, who analyzed the medical

histories of 20,000 near relatives, i.se., the parents, siblings and .

children, of 231 epileptics. He divided the index cases into two groups:

1) those with antecedent brain injury which he terms "symptomatic", and

2) those with no apparent history of antededent brain injury which he terms

"essential" or asymptomatic. Using the incidence of epilepsy among the

United States of America draftees of World WarlI:arid IIT (0.515%), Lennox

finds a significantly higher incidence of epilepsy among the relatives of

both the symptomatic (3.6 times as high) and the essential (7.2 times as

high) groups.
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Lennox 's evidence for a hereditary predisposition to epilepsy is

supported further by the longitudinal study of 173 twin pairs made by

Lennox and Jolly", Among the monozygotic twins of this series approximately

60% were concordant whereas approximately 10% were concordant among the

dizygotic twins. Furthermore, the concordance rate was considerably higher

(814%) when monozygotic twins without prior brain damage were considered

separately. This high degree of concordance among the monozygotic twins

without antecedent brain damage was present also in the type of seizure

and in the pattern of the electroencephalographic epileptiform discharge.

“Recently, Alstrom)), a Swedish investigator, has challenged the

Nevidence" for a hereditary factor in the etiology of epilepsy, reporting

that the overall incidence of 1.5% which he found among the near relatives

of 897 epileptic probands was not significantly higher than the frequency

of epilepsy in the same control group used by Lenno 7, Furthermore, when

‘Alstrom divided his epileptics into three’ distinct groups, namely those

with unknown, probable, and known etiology to account for their seizures,

he found no significant difference in the incidence of epilepsy in the

near relatives of these three groups. (It must be pointed out, however,

that the incidence of 1.7%, 1.2% and 1.1% for the "unknown", "probable"

and "known" groups was in the direction expected from Lennox's study).

The schism between these two diametrically opposite points of

view becomes even more pronounced when it is considered that the massive

and painstakingly collected data of both Lennox and Alstrom is subject

to and has received considerable criticism. For example, some of Lennox's

material may have been biased by the fact that about one-third of his index

-cases were referred to him by other neurologists who knew that he was
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interested in familial cases. It is our opinion and experience!® that

such a procedure is more likely to produce a case with a positive family

_history than a sporadic one, thus causing the incidence of epilepsy in

the relatives of the index cases to appear unduly high. The twin data

collected by Lennox and Jolly" may also be biased since the proportion

of monozygotic to dizygotic pairs far exceeds the one-to-two ratio which

is found in an unselected population?’ , Unless epilepsy occurs more

frequently in monozygotic than in dizygotic twins -- 2 supposition not

supported by other twin series? 15,18 -- then this excess would suggest

that the twins were not selected on the sole basis that one of the pair

had epilepsy. Whenever twin pairs are selected by criteria other than

that one of the pair has epilepsy, then it becomes highly probable that

concordant pairs would be selected more frequently than discordant onest?,

The incidence of epilepsy in the control population used by Lennox?

was based on the proportion of draftees (0.515%) in the United States re-

jected because of epilepsy. Comparing the incidence of epilepsy in the near

relatives of the index cases with this type of control group is not just-

ified for no account is taken of the sex and age distribution and of other

dissimilarities which make the two groups not comparable.

With regard to Alstrom's methods, Steinberg”? has pointed out that

biases of a different nature may have occurred in his selection of index

cases. More important, Steinberg has shown that in Alstrom's data the in-

cidence of epilepsy in the siblings of index cases is higher if one parent

is affected than if both parents are normaks; a fact not pointed out by

Alstrom but which nevertheless suggests that genetic factors may be in opera-

tion. Davidson’© has pointed out that the lower frequency of epilepsy among

the near relatives of Alstrom's epileptic probands may be due to the later
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age of onset of seizures among Alstrom's patients as compared to Lennox's

patients for in both groups the age of onset seems to be correlated with

the frequency of epilepsy that is found among the relatives.

It has already been pointed out that although there was no sig-

nificant difference between Alstrom's three groups of epileptics, never-

theless the figures are in the same direction as Lennox's. Unfortunately,

Alstrom, like Lennox, has no adequate control group.

In 1940 Lennox et ayel published data suggesting that the

cortical dysrhythmia underlying the epileptic diathesis is inherited as

a Mendelian dominant factor, Although his later publications do not fit

his theory as well as the earlier ones did, nevertheless the idea of an in-

herited cortical dysrhythmia and the idea that cortical dysrhythmia might

be the predisposing factor to seizures have been suggested by so many

snvestigators<l7<? that they merit further investigation.

PROPOSED RESEARCH

In view of the two diametrically conflicting opinions regarding

the role of heredity as an etiological factor in convulsive disorders it was

deemed necessary that an independent group be organized to reinvestigate

the question of heredity in epilepsy.

The results of earlier and current investigators suggest that

if a hereditary factor is involved in the production of epilepsy, then

the group in which this factor is most likely to be demonstrated is in

the so-called "idiopathic" form. However, neither the term nidiopathic?

nor its many synonyms -~- familial,. cryptogenic, essential, petit-mal,

hereditary, metabolic, asymptomatic, genetic, genuine, intrinsic, etc., --

none of these terms describe adequately and objectively, the type of
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epilepsy under investigation.

Recently Penfield and Jasper? have formulated a system of

classification which places seizures into three main groups, namely localized,

unlocalized and centrencephalic, depending upon the origin of the epileptic

discharge within the central nervous system. The chief advantage of this

classification is that it attempts to correlate the type of clinical seizures

with the pattern of the electroencephalogram, or, as it was mentioned above,

the origin of the epileptic discharge within the central nervous system.

Cernitrercephalic Probands: For the reasons outlined above, this

investigation was begun by taking epileptic probands from the Neurology

Service of The Montreal Children's Hospital who have:-

1) a history of recurrent petit-mal and/or grand mal seizures;

2) no obvious neuropathology to account for their seizures; and

3) a centrencephalic type of electroencephalogram, i.e., either ~

a typical paroxysmal bilaterally synchronous 3/sec. wave-and-spike (Fig.1~A)

or an atypical epileptiform discharge originating from the centrencephalic

areas of the higher brain stem.

1sec.

FIG. 1-A) Typical centrencephalic 3/sec. wave-and~spike EEG;
and B) Normal ERG for child 6 yrs. old.
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s.19(1) In actual practice, the medical records of all patients who

come to the Neurology Service with a history of seizures are examined and if

there is no obvious neuropathology to account for the seizures and if the EEG

pattern is of the centrencephalic type (Fig. 1-4) then the patient becomes an

index case and family studies as outlined below are undertaken. Obtaining

epileptic probands by these specific and objective criteria and then invest-

igating their families ensures a reasonable uniformity in. the group and was

considered the most efficient and quickest way to arrive at an answer to the |

question of whether epilepsy and/or cortical dysrhythmia are abnormally fre-

quent in the relatives of patients with a clearly defined type of epilepsy. A

brief medical history of such a centrencephalic proband and which illustrates

some of the problems that must be dealt with in handling epileptics is given

below:-

Case born who at the age

of . years began to have typical petit mal seizures, At first the seiz-

ures would occur quite frequently for a two-to-three-day period followed

by a two~to-four-day period when there were relatively few seizure episodes.

The seizure episodes had been observed by the parents and the teacher, It

is stated that each episode would last from 5 to 30 seconds. She was first

seen at the MCH in April 1951 at which time it was learned that her birth and

early development were normal and that she never had any serious accidents

or illnesses. She has never had a generalized convulsion. Physical ex-

amination, including a detailed central nervous system investigation, were

within normal limits. Her skull X-ray is normal. In June 1951 her EEG

showed typical 3/sec. wave-and-spike complexes consistent with centren-

cephalic epilepsy (Fig. 2). Her full scale I.Q, is 101. She was placed on

t
|

! |
| Fs Gs |
! F

|

R-C4 :

————_—_—_—__——_+|

1 sec,

Bigs? Centrencephalic EEG of a year old girl
with petit mal epilepsy.
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a daily dose of phenobarbital when first seen and her seizures ceased

and she was reported to be doing quite well both in respect to seizures and

school work. The family is pleased with her progress and have not found it

necessary to tell relatives and friends about the patient's condition,

however, they have been warned to exercise caution where heights, swimming

and bicycling are concerned. A repeat EEG in August 195) showed no typical

wave~and-spike activity but there were some 3/sec. paroxysmal waves suggest-
ive of a centrencephalic disorder, In February 195 the parents complained

that at times she acted as if she was hard of hearing and that questions

and commands had to be repeated before she would respond. It is difficult

to state whether these were episodes of hidden seizures; however, because

of the rapid growth of the patient, the continued FEG abnormality, plus.. the

fact that she had been on very small amounts of anti-convulsant drugs, it

was felt advisable to increase her medication and thereby ward off any

recurrence of seizures, She is now on phenobarbital and paradione. She

was last seen in December 195 and has been doing very well with no further

suggestions of hidden seizures, Her hemogram is within normal limits. She

is to be seen three to four times a year and have a repeat EEG in Séptember

1955, Since the patient began coming here for diagnosis, research, treatments.

and follow-up, there have been more than twenty~five visits plus numerous

telephone conversations with the mother. Prognosis must still be guarded.

Control Probands: Selecting an adequate control group to com-

pare: with the centrencephalic group is a difficult task but also of paramount

importance in interpreting the data collected. The epileptic and control pro-

bands must be as comparable as possible in order to control the experiment and

get rid of variable factors other than those to be studied. For example, the

two groups must be similar for 1) age and sex of proband, 2) parental age, 3) size

of proband's and parents! sibship, ) ethnic origin, 5) miscarriage and stillborn

rate of mother and paternal and maternal grandmother, 6) intelligence quotient

of probands, 7) birth order of proband, father and mother, 8) parental con-

saguinity, 9) frequency of twinning, 10) socio-economic status, and for many

other variables, unless, of course, one of these factors is correlated with the

presence or absence of epilepsy.

For reasons of comparison, therefore, the control probands

are drawn at random from the same hospital population to which the epileptics

belong. And again, -in actual practice, the medical record of every fifth ad-

mission is examined and if there is no history of convulsions and if the patient

001040
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is not in the Infant Ward (for technical reasons, it is difficult to obtain

electroencephalograms from infants) the child becomes a potential control

proband, An EEG is ordered (providing, of course, that the child's illness

is not neuropathological) and if the pattern is found to be within normal

limits, the patient is accepted as a control proband. (Potential probands

who have no history of seizures and no neuropathology but whose EEG is

not within the normal limits are not accepted in the present control group,

but are now being used in a projected study which was begun recently.)

Following is a brief medical history of a typical control

who has never had any seizures. She came

into the control series when she was admitted to the hospital for a

tonsillectomy. Physical and CNS examinations were normal. Birth was

said to be normal and early developmental milestones were within normal

limits. She never had a serious illness or an accident. Her EEG was

within normal limits for her age group (Fig. 3) and her full scale I.Q.
is 100.

“oOus

Fy-C4 Vel VV rrnn Al

1 sec,

Fig. 3. Normal EEG of a year old girl who has no

history of epilepsy.
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Family-Studies: When a suitable proband is found,

centrencephalic or control, a family and medical history is taken by |

interviewing the parents, and in some cases, one or more of the grand-

parents. In the family history information is obtained about the siblings,

parents, grandparents, aunts, uncles and cousins of the probands (Fig. h).

Uy een t
ly

Fig. . Pedigree illustrating all near relatives of proband

who is here indicated by an arrow.

Other near relatives, such as children of siblings of the proband, may

also enter the pedigree but they are not included in the present analyses.

A detailed investigation, including a neurological and electroencephalographic

examination of the parents and siblings is made. Psychometric studies are

done on the probands of both the epileptic and control groups in order

to ascertain whether persons arith centrencephalic epilepsy suffer any

mental deterioration,

001042



Whenever a history of a convulsive disorder in anyone

within the limits of the pedigree is obtained aneffort is made to

substantiate all such reports by seeing the individual and/or by

writing to the hospital or physician concerned. (Recently this project

has received additional financial support and it has becone possible to

- employ a Social Worker who contacts persons with a history of convulsions

and directs them to the neurologist of the project (K.D.M.) for further

questioning and examination.)

At this point, two things must be emphasized: firstly that

the same procedures are undertaken in investigating the families of

centrencephalic and control probands; and secondly, that centrencephalic

or control probands are used only to identify the centrencephalic or con=

trol families but are not included in "frequency" or "incidence-of-the=

s condition" analyses@’.

III. PILOT STUDY

_ Before the above plan of procedure was put into effect, one

of us (F.C.F.) attended the epilepsy clinic of the Montreal Neurological

Institute and collected a number of pedigrees of epileptic patients. This

was done in order to get an idea of the problems involved in a study such

as the one which eventually was undertaken,

Although pedigrees collected only by interview of a single

family member are unreliable for genetic analysis of diseases as capricious

as epilepsy, the experience gained was most helpful in designing the

present program in such a way as to avoid some of the pitfalls of ascertain-

2 ment>° which previous workers have fallen into.
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Eight twin pairs where at least one member has epilepsy had

been located and studied by one of us (J.D.M.) before the present project

was undertaken. It is believed that the zygosity and concordance or dis-

cordance of these twins have been adequately established. The investigation

of all twins that come into the centrencephalic or control series is

continued and as soon as an adequate series is available the twin study"

method of analysis will -be made,

RESULTS

Employing the methods outlined above 55 centrencephalic

(35 typical and 20 atypical) and 52 control families have been studied.

This. represents the results of the present investigation up to September —

30, 195k.

Sex of Probands: Table 1 shows the sex distribution among

the 55 centrencephalic and 52 control probands, This is compared with

the sex distribution found among 259 patients of Wards D and E, the source

of most of the control probands.

TABLE 1.

SEX OF 55 CENTRENCEPHALIC, 52 CONTROL AND 259 WARD D

AND E PROBANDS.

eens arene:

SEX CENTREN- CONTROL WARD D&E
CEPHALIC

FEMALE 30 19 102

MATE 55 33 157

TOTAL , 55 52. 259

The sex distribution of 309% and 25d¢ in the centrencephalic group is not
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statistically significant (X°=3.49; P=.10) from the 19? and 33ss in the

control nor from the 102¢¢ and 157é¢ in the Ward D and E control

(x°=)),283 P=,05), There is no indication, therefore, from the present

series that centrencephalic epilepsy is more common among girls than

among boys for the 30:25 ratio is not significantly different from a 1:1

ratio nor from the two control ratios 19:33 and 102:157 which are pre-

dominantly male. In Alstrom's!? epileptics, those with unknown etiology,

iee., the group most comparable with the present series, there were 3009?

and. 306é¢, a ratio obviously not significantly different from 1:1.

Age of Probands, Mothers and Fathers: In Table 2 are listed

the mean age in months of the probands and the mean age in years of the

mothers and fathers. The mean age of the "centrencephalic"TM mothers

(26.9840.80yrs.) and of the "control" mothers (26.5840.73 yrs.) and also

the mean age of the "gentrencephalic! fathers (29.95%0.71 yrs.) and of

the "control" fathers (30.80.78 yrs.) are very similar in the two groups.

: TABLE 2.

MEAN AGE OF PROBANDS, MOTHERS AND FATHERS.

CENTREN- CONEFROL “PS
CRPHALIC

PROBANDS 94.57.17 mos... 80.0245.59 mos. 220

MOTHERS . 26.9840,80 yrs. 26.58-0.73 yrs. 80

FATHERS 29.9550.71 yrs. 30.80.78 yrs. 270

The mean age of the centrencephalic probands (9).547.17 mos.) is approxi-

mately 1) mos. more than the mean age of the control probands (80,02=

5.59 mos.). However, this difference is not statistically significant

(P=,20) and it must be pointed out that the mean age of the centrencephalic
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probands: that is given here is the age: at which the centrencephalic

patients were first seen by the project neurologist (K.D.M.) and not

the age at which they had their first seizures, nor the age at which they

were first seen at the Neurology Clinic.

Ethnic Origin: The majority of the patients of the Montreal

Children's Hospital are more or less equally divided between French and

English. The remainder, which constitute about 10%, are Jewish, Negroes

or of some other ethnic origin. In Table 3 the probands are divided among

French, English, Jewish and other ethnic origins and the distribution

among the centrencephalic and control is ¢ompared. It is quite apparent

from the figures that there is no statistically significant difference be=

tween the two groups (P=,60)

TABLE 3.

ETHNIC ORIGIN.

CENTREN- CONTROL TOTAL
CEPHALIC

FRENCH 7% 8% 18%
ENGLISH Whs 35% 39%
JEWISH 5% 6% 6% -
OTHER hie 11% 7%

TOTAL 100% 100% 100%

Pregnancy History: In order to find out if there are any

differences in the number and type of pregnancies between the centrencephal-

ic and control groups, the pregnancy histories of the mother, maternal and

paternal grandmothers of the two groups were compared. In these comparisons

the proband, mother, and father are included among the pregnancies of the

mother, maternal and paternal grandmothers, respectively.
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In Table , the number of Liveborn pregnancies are

compared and no significant differences are found. The higher number

of pregnancies (6-7) that the grandmothers have than the mothers (3-11)

is partly due to the fact that the grandmothers' families are, for the

most part, complete whereas most of the maternal ones are incomplete.

TABLE hi.

LIVEBORN PREGNANCIES OF MOTHERS AND OF

MATERNAL AND PATERNAL GRANDMOTHERS

CENTREN~ CONTROL Pp

CEPHALIC

MOTHERS 3,3140,25 3..6020.28 250

MATERNAL GMS 6,20-0.57 6.7920.1)8 50

PATERNAL GMS 5.7140.38 6.l0t0.6h 20

In Table 5 the same type of analysis as in Table l is

undertaken only here the miscarriages and stillborn are considered. Again

there is no significant difference between the centrencephalic and

control mothers and grandmothers.

TABLE 5.

MISCARRIAGE AND STILLBORN PREGNANCIES OF MOTHERS
AND OF MATERNAL AND PATERNAL GRANDMOTHERS

CENTREN- CONTROL P
CEPHALIC

MOTHERS 0,60%0.15 0.3720.08 220

MATERNAL GMS 0.71=0.16 0.6920.19 290

PATERNAL GMS 0.31#0.13 029%0.01 290
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In Table 6 the total number of pregnancies of the mothers

and grandmothers of the two groups are compared. As anticipated from

Tables h and 5 no significant difference was found.

TABLE 6. |

TOTAL NUMBER OF PREGNANCIES OF MOTHERS AND OF

MATERNAL AND PATERNAL GRANDMOTHERS

CENTREN- CONTROL P

CEPHALIC

MOTHERS 3.9120, 32 3.9620.31 290

MATERNAL GMS 6,91%0,59 7 1180.5), 50

PATERNAL GMS 6.0240.) 6.692066 a0

There is no indication whatsoever from Tables h, 5 and 6

that there is any significant difference between the centrencephalic and

control groups as to number or type of pregnancies of the mothers and

grandmothers.

Birth Order: It has been suggested by many that birth

order may be a factor in epilepsy. If first born are more subject to

birth trauma then one would expect birth order to be one of the factors

in focal epilepsy. However, the question here is whether birth order is

a factor in epileptics with no demonstrable cerebral injury. Nielsen and

Butler?* have suggested that "birth primacy" is a cause of idiopathic

epilepsy. On the other hand, however, Orr and Risch? have suggested that

"epilepsy occurred more frequently in people approaching the end of the

line of birth rather than in those holding the position of first born",
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52 control and of the 259 Ward D & E patients referred to in Table 1 is

compared, The centrencephalic group does not
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either of the two controls (P=.30 and .l0).

differ significantly from

TABLE Ts

BIRTH ORDER

BIRTH ORDER CENTREN- CONTROL WARD D&E
CEPHALIC No. & No. %
No. %

1 23 Wes Ts 33% 105 11g
2 13. 2% 11 21% - 67 26%
3 10 18% li 86.21% 39 «15%

h 6. 11% h - . 8% 26 10%
5 1 2% h 8% 8 3%

6=13 2 LZ 5 10% Uy 5%

TOTAL, SS 52 101% 259 100%101%

Parental Consanguinity: The significance of parental

consanguinity in the family history has been amply demonstrated by Prasersi»35

and many others. In the 107 families of the present series only in one

were the parents related. This was a centrencephalic family and the parents

were second cousins (Pig. 5). This single case of parental consanguinity

Fig. 5. Case D.M.3 parental consanguinity in a
centrencephalic family.
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in 55 centrencephalic families is not significantly higher than the

_ one per cent estimate that is given by Stern3 as the incidence in the

general population.

Psychometric Examinations: As has been stated previous-

ly a psychometric examination of both centrencephalic and control probands

is undertaken. This examination includes a) an intelligence quotient
oe

based on verbal and non-verbal tests; b) a social quotient; c) a visuo-

motor acuity test, and other tests as deemed necessary. Separate point

values are assigned to the various tests and then an overall Intelligence

Quotient is recommended by the psychologist who has conducted the tests

as being representative of the child's overall mentel capabilities. There

was no significant difference found (P=.50) when this overall Intelligence

Quotient of l1 centrencephalic probands (93.9°3.0) was compared with that

of 22 control probands (9.34.5). However, it is important to point out

that four of the centrencephalic probands have shown deterioration in

their full scale I.Q.,- having deteriorated from the normal average range

of 85-100 to the mental defective but presumably educable range of 60-70.

Frequency of Seizures: In the frequency of seizures

and electroencephalographic abnormalities no sex difference was obtained,

hence, for simplicity in the analyses which follow the figures for the two

sexes have been combined, '

In each sibship only full siblings have been included.

So that, for example, half~brothers or maternal half-uncles have been

omitted.

In Table 8 the frequency of seizures in the near re-

latives of the 55 centrencephalic and 52 control families is compared.
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| - FREQUENCY OF SEIZURES

(55 CENTRENCEPHALIC AND 52 CONTROL FAMILIES)

Relationship to Proband P No 24 6 8 © l2 14 16 18 20%
v T v T v TTT Ls i T TT TT TTT, T

. SIBLINGS coer 143 AQ sss

il. PARENTS «001 104 RRS

Vi. TOTAL

An individual is classified as affected if his seizures are not attribut-

ed to metabolic disorders, hysteria, syncope or carotid sinus syndrome.

Individuals with vague and unsubstantiated history of seizures are omitted

from this analysis. It must be clearly stated that individuals who are

classed as affected cannot be regarded as belonging exclusively to the

centrencephalic class, On the other hand, of all the affected relatives,

approximately 88% had three or more epileptic episodes and in addition

many of these were on drug therapy and could be classed as chronic

epileptics. /
~~“

The total number of relatives investigated in each

group is shown at the base of each histogram. In all there were 1797

relatives in the centrencephalic and 1818 in the control group.

In summary the following observations may be made from

“this table:- |

1) As the genetic distance between the relative studied

and the proband increases, the frequency of epileptic seizures tends to

decrease (from approximately 20% to °3%:) in the case of the centrencephalic

group, but tends to fluctuate within fairly narrow limits around 3% in

the control group. 001051
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2) The frequency of seizures among the siblings (17.8%),

parents (20.0%) and cousins (2.9%) of the centrencephalic probands is |

significantly higher than the comparable frequencies (9%, 2.9%, and

0.9%) of the control probands. The aunts and uncles group would also

be significant save for a single control family in which eight of the ten

maternal aunts and uncles presented a definite history of seizures.

3) The frequency of seizures among the parents of the

centrencephalic probands (20%) is comparable with that among the siblings

(17.8%). (The possible genetic significance of this observation will

be discussed in a later section.)

l.) When all the near relatives are considered together,

the frequency of seizures in the centrencephalic group (6.0%) is more

than two times and significantly higher (P=,00L) than in the control

group (2.8%).

ERG Abnormalities: In Table 9 the EEG abnormalities of

62 centrencephalic and 5 control siblings are considered separately under

five main: classes of EEG abnormalities2®, and also all together.

TABLE 9.

EEG ABNORMALITIES IN SIBLINGS

(62 CENTRENCEPHALIC AND 54 CONTROL)

EEG ABNORMALITY P 3.6 9 #12 15 18 21 gPoP Me 20m 1 42s

|. BORDERLINE

‘Will CENTRENCEPHALIC

ESS3 CONTROL

4. DIFFUSE

S.FOCAL

6.TOTAL

Po dd

3.6 9 2 IS 18 2t 2427 30 33 36 39 42%
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Contrary to all expectations and to the amazement of the electroen-

cephalographers, the total number of EEG abnormalities in the centren-

cephalic group (43.6%) although numerically greater was not significantly

higher (P=.l0) than in the control group (35.2%). Nor were there any

statistical differences obtained when the abnormalities were considered

separately under Borderline, Centrencephalic, Theta Rhythms, Diffuse, or

Focal. It should be pointed out, however, that the lowest P value (.10)

was obtained for the centrencephalic type of EEG abnormality where six centren-~

eephalic and one control siblings had the abnormality.

In Table 10 the same comparisons are made for 70 centren-

cephalic and lO control parents. Again the total number of EEG abnormalities

TABLE LO.

EEG ABNORMALITIES IN PARENTS

(70 CENTRENCEPHALIC AND 40 CONTROL)

EEG ABNORMALITY P 2 4 6 8 10 12 14 16%
T T T T T T T 1

L BORDERLINE

+ ME CENTRENC

gescsu CONTROL

wee
in the centrencaphalic group (15.7%) is numerically greater but not

significantly higher (P=.40) than in the control group (10.0%). And again

the lowest and only P value (.05) approaching significance was for the

céntrencephalic group of EEG abnormalities. There were four parents in
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the centrencephalic and none in the control that had a centrencephalic

type of ERG abnormality.

Table 11 combines the data of the last two tables and

considers siblings and parents together. 132 siblings and parents of the

centrencephalic group are compared with 9) of the control. As anticipated

TABLE 11.

EEG ABNORMALITIES IN SIBLINGS AND PARENTS

(132 CENTRENCEPHALIC AND 94 CONTROL)

EEG ABNORMALITY P 2 4 6 8 10 l2 14 6 1 20 22 24 26 28%

T T_T TTT tT

1. BORDERLINE

ME CENTRENCEPHALIC

CONTROL
4

from the last two tables, there are no strongly significant differences

either for the total or for any of the individual abnormalities. The ten

centrencephalic BEG abnornalities of the centrencephalic group are

significantly more numerous at the 2% level than the single case in the

control.
~“

In summary, therefore, the electroencephalographic

studies of the present investigation do not reveal any positive evidence

that cerebral dysrhythmias of the type other than the centrencephalic are

more likely to be obtained in the near relatives of centrencephalic than in

control patients. That the centrencephalic type of EHG abnormality is

correlated with the presence of seizures is supported by the fact that of

the ten parents and siblings with a centrencephalic type of EKG seven also
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had clinical seizures.

Mode of inheritance: Of the 55 centrencephalic probands

35 had noaffected parent with regard to clinical seizures, 18 had one

affected parent (11 mothers and 7 fathers) and two had both parents affected.

Table 12 shows that the frequency of seizures among the siblings of the

_18 centrencephalic probands who had one parent affected (19.5%) is not

significantly higher (P=.50) than in the siblings of the 35 "unaffected

parent" families (17.1%).

In pedigrees such as those shown in Figs. 6 and 7 one is

struck by the suggestion that seizures tend to be grouped among members

of one side of the family and not be distributed randomly through both

sides of the family.

Sage ee LbO

> Ne

Fig. 6. Pedigree with four affected members

on the maternal side.
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Table 12 clearly demonstrates the following two points:-

TABLE 12

?

: q

| 4
| FREQUENCY OF SEIZURES I~

; 
;

(I8"AFFECTED PARENT*AND SS"UNAFFECTED PARENT*FAMILIES }
| Relaticzship te Prebesed P 2468 O02 4 6 B 20%
i reyes ert

[
| SIBLINGS 50 NHN

|
1 GENE AFFECTED PARENT

| COUSINS GSSSS) UNAFFECTED PARENT
I @ = CENTRENCEPHALIC

a! Lapa tatstsetsin tit

24 6 8 © [2 14 16 18 20%

{ : . : ' . a
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Fig. 7. Pedigree with four affected members on the

maternal side and one on the paternal side.

To test whether seizures tended to be confined to individuals

on the "affected parent" side of the family, the following analysis was

made. The frequency of seizures among the aunts and uncles of the "af-

fected parent" side of the family -- in other words the siblings of the

affected parent -- was compared swith the frequency of the same relatives of

the unaffected side of the family. The same thing was done with the cousins

of the proband, i.e. the nephews and nieces of the affected and unaffected

— 001056



Document disclosed under the Access to Information Act

Document divulgué en vertu de la Loi sur Vaccés “Bypnstion
4
©

e | ®

1) The 3% frequency of seizures among the aunts and

uncles andamong the cousins of the "unaffected parent!!families is com=

parable with that found for the same relatives of the control group; and

| 2) There is conclusive evidence that seizures tend to

appear significantly more often (P=.001) in the "affected parent" side of

the family than in the "unaffected parent" side, for the frequency among the

aunts and uncles (12.8%) and among the cousins (6.2%) of the "affected

parent" families is three to five times higher than in the same relatives

‘of the "maffected parent" side of the family (2.9% and 2.0% respectively).

‘

These findings are: compatible With a dominant mode of in-~

heritance?°,

Clinical Aspects: In an investigation such as this one, it

is impossible to separate completely the research aspects from the clinical

aspects, for the two go side by side. As has been pointed out before, when

a child comes to the Montreal Children's Hospital with a history of seizures,

a medical examination, patch test, and blood Wasserman are done and then the

child is referred to the Neurology Clinic for further investigation and treat-

ment. If the EEG is centrencephalic and the case meets the research criteria

then the patient becomes an index case and is followed by the neurologist of

the project (K.D.M.) at a special neurology clinic which comes under the

direct supervision of the Chief of Neurology Service. However, referral to

this special clinic does not mean for research purposes only but for the

entire management of the case and the family. If, for example, a condition

is found in the patient or in a relative of the patient which requires medical

supervision, then this is done either by the special nevrology clinic

personnel or by referring the person to the correct clinic or physician.
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Thus an attempt has been made to integrate all phases of medical care

under one physician's supervision. Needless to say that when research

and clinical treatment are conducted simultaneously, the research team is

assured of better cooperation from the patient, parents, hospital staff

and referring physician.

When a child first comes to the special neurology clinic,

discussions with the parents regarding general management are begun. The

main purpose of these discussions is to get the parents to accept that their

child has epilepsy, for once this is achieved complete cooperation in

following the neurologist's directions becomes more or less automatic.

During these talks with the parents, advice is given re-

garding 1) emergency care during a convulsion; 2) a good regime with

special reference to rest, healthy diet, vitamin supplement and outdoor activities

and 3) need for epileptic child to lead as normal a life as. possible with no

severe curtailment of activities. Later when the confidence and cooperation

of the parents has been obtained, treatment and prognosis are discussed in

greater detail.

in these cases chemotherapy is, of course, the keystone

to treatment. The more commonly used drugs are phenobarbital, dilantin,

paradione, tridione, trimedone, mesantoin, mysoline, milontin, pheunurone,

thiantoin, bromides, and mebaro13/~h2 , These may be used alone or in various

combinations. It seems best as a general rule to begin with phenobarbital,

then following a trial period, if results are unsatisfactory, to add

dilantin and/or tridione. If hyperactivity or behaviour problems are
s

complicating factors, then benadryl, dexedrine, benzedrine, serpasil, or
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largactil (chloropromazine) may be used.

In order to evaluate the progress being made by an

individual patient, he must be followed regularly watching for toxic

effects, blood changes, and changes in the electroencephalogram. It is

felt that the patient should be free from seizures while on medication

for at least two years before a gradual decrease in medication is

attempted.

Social service is active in most of these cases for

their help is necessary in evaluating the family, arranging for school-

ing and camps, and for eventual rehabilitation and vocational guidance.

There are, too, many emotional problems which must be

met. The parents have many anxieties and fears and may soon become ‘worn

out" by their child's condition unless proper guidance and frank

attitudes are forthcoming from the physician, the social worker, and from

everyone else concerned with the case. The comforting, moral support

that is given by the physician to the parents ranks high as a factor in

total treatment.

. Finally it must be stated that in our experience about

80-90% of childhood epileptics are fairly easily handled and come under

control quickly. The other 10-20%, however, are very difficult to handle

and no matter how mach or type of medicine is given, they still have many

seizures and may eventually deteriorate and become behaviour problems. At

this time it is not possible to give scientific and objective criteria

to enable one to predict how a given case will react. It is only by

clinical impressions and after several months of close observation that

the neurologist can venture any prognosis. As a general rule, it seems
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that if the seizures began before one year of age, the prognosis is poorer

than if they began at two to four years of age. If the seizures begin be-

tween eight and twelve years of age, a guarded prognosis must be given as to

the possibility of adult epilepsy.

V. PROJECTED STUDY.

- This investigation is being continued and has expanded to

include a) epileptics with dysrhythmias other than the centrencephalic type;

and b) controls with electroencephalograms other than normal.

VI. CONCLUSIONS.

In conclusion, this investigation has suggested:

1. That the frequency of convulsive disorders among the

parents and siblings of probands with centrencephalic seizures and

centrencephalic EEG abnormalities is four to five times higher (1.59%)

than in the parents and siblings of probands with no history of seizures

and with a normal EEG,

2. That there is at the present time no evidence that

cerebral dysrhythmias other than of the centrencephalic type are more

frequent in the parents and siblings of centrencephalic probands than in

the same relatives of the control probands. This does not necessarily

preclude the possibility that such dysrhythmias may have a familial dis-

tribution.

3. That since the frequency of seizures among the siblings is

essentially the same whether one parent is affected or not, and since

seizures tend to appear more frequently in one side of the family, dominant

inheritance is a likely mode of transmission.
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lh. That the simplest mode of inheritance that is compatible

with the data is an autosomal dominant with approximately 35% penetrance.

This is the simplest explanation but not necessarily the correct one,
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OTTAWA, March 16, 1955.

Jean Gregoire, Esq., M.D. ; Dd. Peay
Deputy Minister,

Ministry of Health for the

Province of Quebec,

QUEBEC, Que.

ATTENTION: Dr. J.C. Beaudet

Re: Project "Study of Genetics of Epilepsy

(McGill University)"

Dear Dr. Gregoire:

May we refer to our letter of September 20th

last in which we requested that a final report on this
project should be submitted by March 31st, 1955.

We are writing to inquire if Dr. Boyes has
completed his report yet and when we may expect to

reeeive the two copies required,

Yours very truly,

Gordon E. Wride, M.D., D.P.H.,

Principal Medical Officer,

MV/jg Mational Health Grants.
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Orta@ DEPARTNENT OF NATIONAL HEALTH AND | a
| INTRADEPARTMENTAL CORRESPONDENCE

. To: ‘The Director, “OUR FIFE NO. (2 604-5~25
Health Insurance Studies, REF. YOUR FILE No.

. DATED

FROM: Dr. C.A. Roberts. DATE: 20 September, 1954.
- |

|

SUBJECT: STUDY OF GENETICS OF EPILEPSY (MCGILL UNIVERSITY)

It is recommended that the attached letter be

forwarded to the province of Quebec regarding this project.

o.4. 2ak
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20 September, 195k.

Dre Joan Gregoire,

Deputy Minister,

Ministry of Health for the Provinee of Suebec,

Onebec, uebec.

Dear Dr. Gregoire, Attention: Dr. J.C. Reaudet
STURDY OF GENETICS OF EPILEPSY

(wOsTEL. UNIVERSITY )

This project begen in 1952 and was Officially
terminated at the end of the fiscel year 1953-54. During

thet period $14,365 were expended. At the request of the
a@irector a non-expended residue of $1,300 from the fiseal
yeer 1953-54 was authorized for the present fiseal year.

It is requested that Dr. Reyes be informed that we should

appreciate receiving a final report on this study by

Merch 3let next end that the progress report for the present

fiseel yeer may be incorporated in thet final report.

Yours very truly,

P.W¥. Jackson, ¥.De,

Dirsetor,

“ Health Insurance Studies.

car/B
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®% DEPARTMENT OF NATIONAL HEALTH AND WELFARE
. INTRADEPARTMENTAL CORRESPONDENCE

To: Dr. G.4. Roberts, Chief, oun mie nX 60he 5°25
Mental Health Division REF. YOUR FILE No.

FRom: Dr. J.%. Fisher _ DATE: September 17, 1954.

SUBJECT: RE: FINAL REPORT: GENETICS OF EPILEPSY, McGILL

This project began in 1952 and will terminate (Narch 31/55.

The Subcommittee on Research under the Mental Health Grant did not
recommend support for 1954-55. From 1952/53 to 1953/54, $14,385 were
expended. 4t March 31/54 an unexpended residue of $1,300.was at hand

which Dr. Boyes asked to use during the present fiscal year. His
request was granted.

It is recommended that Dr. Boyes be informed that we should appreciate

regdiving a final report on this study by March 31st next, and that the

progress report for present fiscal year may be incorporated in it.

phrhy
JW. Fisher.
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STUDY OF GENETICS OF EPILEPSY b 0 wy

PROGRESS REPORT (JAM. - HOV. 1953)

1. DegopuerIoN

During the past ten months date on additional epileptic

and control families have been collected employing the sane

methods which have been outlined in detail in @ previous report

(Octe 1952) and which are stated briefly below. This report is

brought up to date by including tables of the cumulative date.

1. werHoDS

in order to Gvaluate the genetic role in the etiology

of idiopathic epilepsy, the near relatives (parents, siblings,

uncles, aunts, cousing and grandparents) of two groupe of patients

of the Children's Memorial Houpital were compared. The probands

of the two groups are ascertained in the following manners «

ZGjopathic }robands - These are patients who come to the

neurology service and who:

a) heve @ history of recurrent petit sal and/or grand nel seiwures;

b) have no obvious ceuropathology; and

¢) whose electroencephalogras pattern is of the paroxysmal, bilatere

ally synchronous 3/see. spike and wave type.

GontrolProbands ~ the paramount importance of an adequate

Gontrol goup hae been stressed in earlier reports (e.g. Oet. 1952).

An attempt has been meade to randomize the control sample by selecting

every fifth admission to the hospital, and investigating the relatives —

provided the patient satisfies the following con@itions: -

a) no history of seizures

») no obvious neuropathology; and

¢) eleetroencephalogram within normal Linitee
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When a mttihee proband (idiopathie or control) is

found, © femily and medical history ie taken. A detailed study,

including neurological an@d ERG exuminations of the parents and

siblings, is asde. A peychometric evaluation of all probands

(idiopathic and control) is done by the Departaent of Paychiatrye

iile DATA

Frequency of Seigures ~ In Table 1 below the relative

frequency of seigures in the near relatives of 45 idiopathic and

aol, Monto’ families is compared. An individual ie clessified as

affected if, as far as is possible to ascertain, his seizures are

not attributed to metabolic disverdera, hyateria, syncope, or carotid

sinus syndrome. Individuals with vague or uneubstantial history of

seizures are omitted from this analysis.

- TABIE l«

Frequency of Seisures in Families of Idiepathic and

Control Provands

xDIOPATHC cowmolL P
“|

\ Siblings 22.8% (21/92) 48% (4/83) e002

. Parente 16.3% (14/86) 2.8% (2/72) 01

, Uneles and Aunts heTh (20/425) 309% (15/388) °70

: Grandparents 1.2% (2/172) 0.0% (0/141) 30+

* Gousing 2.5% (15/603) 0.2% (2/481) 01

Total $e2% (72/1378) 1.9% (22/1166) .002

¢+Employing Fisher's exact method.

It is to be noted from Table 1 that the frequency of seizures

among the siblings (22.84), parents (16.3%), und cousing (2.5%) of

the idiopathic probands is significantly higher than the comparable

frequencies (4.8%, 2.8%, and 0.2%) of the contrel probands. Further-
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more, when ali the near relatives are considered together, the

frequency of seizures in the idiopathic group (5.2%) ie signit-

feantly higher then in the control group (1.9%).

It is important to note, too, that as the genetic

Gistance between the relative studied aud the proband increases,

the frequency of epileptic seizures tends to deerease (from app-

roximately 23% to 2%) in the case of the idicpathic group, but

tends to fluetuate within fairly narrow limite (bevwoen 4eO% and

0.0%) in the contxol groupe

Zrequeney of EMG Abnormnlitiogs « In Table 2 the frequency

of BRG abnormalities in the siblings and parents of idiopatnic and

control probands is compared. ‘The BEG abnormalities are divided

into a) "idiopathic" (paroxyemal, bilaterally synchronous, 3/sec.

spike and wave), end “symptomatio” (all other EMG abnorsalities).

“Borderline normale" and “borderline abuoraals" are omitted from

the analyside

@ TABLE 2

Frequencies of BEG Abnormalities in Perenta and Siblings

of Idiopathic (I) and Control (GC) probands.

NUMBER _-« #ENTOPATHIC" “SYPTOMATIC* bomH
(x) (0) (x) = s (6) (x) (¢) (x) (6)

"yee 4/36 "16 5/ Be

Purents 58 20 «= 5 6 / 0.0% 6.3% beT 139% 607%
v4 | 10/42 RALY | 22)42 zh)

Siblings 60 2 28.66 0.08 23.8% dae 52.4% 18.2%

IW/1¢ | 13 /2¢ 3)ut alae 3726
TOTAL 118 42 179% 0.0% 167TH 12.65% 34-6% 11.5%

fable 2 clearly shows that the frequency of BSG abnor-

malities ("idiopathic" or “symptomatie”) is higher in the idio-

pathic than in the control group. ‘Two observations may be stressed

at this times «
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&) 28.6% (12/42) of the siblings and 5.6% (2/36) of the

parents of idiopathic probands had an idiopathic HBO tracing

wut none of the oitlings and parents of the control probands.

b) the frequency of EMG abnormalities (idiopathic or

symptomatic) among the siblings of idiopathic probands (52.4%)

is significently higher than among the siblings of the control

probands (18.2%).

Othex Comparisons « As has been reported in earlier

reperta, no significant 4ifferenges have been found in 1) birth

orier, 2) maternal age, 3) left handedness, and 4) intelligence

quotient between the idiopathic and eontrol probands.

Atypieal Tdiopathics - These are patients who come to

the neurology service with a clinical picture identieal with that

of the typice] idiopathies and whe are placed on and respond to

identical medication. However, the BEG pattern of these patients

is not of the typical 3/see. spike and wave but the frequency may

very from 2-6/sec. in these patients the discharge ie bilaterally

synchronous and there is no otherbeckground abnormality in the

ERG pattern. To see if this group might be worthy of moreexten-

sive research, the fomilies of & few of these atypical idiopathic

probandshave been studied and gompared with the same control

group mentioned above.

fable 3 shows the frequency of seigures in the near rele

atives of 16 atypical idiepnthie families, and is compared with

the frequencies given in Table l.
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= TABIE 3°

Frequency of Seigares in Families of Atypical, Idiopathic,

Tdiepathie and Control probands

|
J

ARPIOAL @XPICAL GoNTROL

Siblings Ishi (5/44) 0») 22088 son (7/9)?
Parents ¥ © MoM (9/90) | (°°) 16096 tet / 74

Theles and Aunte $3 (8/252) he TH 309% 1 °/-

Grandperents 303% (2/60) aaah O/

Cousins Leas (9/249), °°! 25h om 1A /

200AL © pelt (23/528) 04057 SeQh aH PN ©
8

4
r

It is to be noted here thet, on the whole, the frequerey

of seizures in the various groups of relatives of atypical idioe

pathic probands is quite comparable to that found in the same rele

atives of typical idiopathic probands. ‘There ia no statistical

Significance between “atypical” and “typical” for any of the six

(@roups, i@. siblings, parents, uncles and aunts, grandparenta,

cousing and totale

Table 4 compares the frequency of EM abnormalitics in

the atypical (A.I.) and typical (@.X-) idiopathio groups. Again, on

the whole, the frequeney of KHG abnormalities is quite comparable

- TABIE 4+

Frequency of BBG Abnormalities in Atypical (A.I.) and

‘typical (T.Z.) Idiopathic Groups.

NUMBER *TDLOP atte” "SYMPTOMATIC" BOTH
(AcZe) (BeXe) (Acke) (BeZe) {AcXe) (@eIe) (AcIe) (foie)

“ty 2/9 '/ 3/34 of 5/ay

Parents il 58 18.2% 5 eb% 9.1% 63% 2TH 13-98.
lq ey ye) 10/42 5 LA} 49

Siblings 202% 28e66 22.26 25.8% Lbedh 52.469 60

oe up x 14/18 or 13/9 Fs 27/8

TUTAL Ge.) 118 20.0% 17.9 15.08 16.7 35-08 Bhebh
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between the two idiopathis groups. None of the differences 4

ave statistically significant. ‘The implication is that the

two groups have © common @tiological basis. Burther work is

needed to prove whether or not this important relationship is

LIUBe

IV. GONCLUS TONS

1. In previous reports it was suggested that the data indicated

hereditary fsotors ia the etiology of"idiepethie® epilepsy. ‘the

analysie of the cumalative data up to the present time strongly

supports this contention,for the incidence of epilepsy in the

Siblings, pexventse and cousins of idicpathie probands is signifi-

eantiy higher than in the comparable groups of the control probands.

The overall frequency of seigures in the idiopathic group (5.2%) is

significantly higher (p © 0001) than in the control group (1.9%).

(See Table 1).

2. Genetic factors seem to be in operstion alec in the production

of BEG abnormalities, for these abnormalities are more frequent —

generally in the i¢iopathic group than in the control.(See Table 2).

3-e There is « suggestion that hereditary factors may also be ine

volved in atypical idiepathic epilepsy both as to frequeney of

seivures end ERG abnoresivioess (See Tables 3 and 4)e

Rospeetfuriy submitted,

Julius D. Metrakos, PheDe

KN adbectuen!edcadesaatdh-
Kotherine Metrekos, MeDe
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PROJECT NOe 604-525

STUDY OF GENETIOS OF EPILEPSY

PROGRESS REPORT (JAN. = NOVe 1953)

ch tC ETM NEI ETE

StTRMARY

The frequency of seigures (5.2%) among the noar

relatives (siblings, parents, grandperents, uneles, aunts

end cousins) of idiopathic probands is found to be siguifie

cantly higher (p = .002) than in the same relatives of

control probands. When the siblings and parents are consid-

eved together, the frequency of seizures is 6.5 times ag high

in the idiopathic (20.2%) than in the control (3.9%).

The electroencephalographic abnormalities are more

frequent in the parents and siblings of idiopathic (34.6%)

than of control (11.54) probands. ‘he frequency of HEG abnore

malities in the siblings of idiopathic probends (52.4%) is 29

times as high as in the control 18.2%. Considering only EM

abnormalities of the “idiopathic” type, the difference is even

more striking - 28.6% in the siblings of idiopathie probands

and 0.0% in the siblings of control probands.

A comparison between typical and “atypical” idiopathic

groups indicates that the two may be comparable and that the same

differences may exist batween atypical idiopathies and controls

as between typical idiopathics and controls.
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PROJECT NOe 604-5-25

STUDY OF GENETICS OF EPILEPSY

PROGRESS REPORT (JAN. = NOV. 1953)

Ie INTRODUCTION

During the past ten months data on additional epileptic

and control families have been collected employing the same

methods which have been outlined in detail in a previous report

(Octe 1952) and which are stated briefly belowe This report is

brought up to date by including tables of the cumulative data.

II. METHODS

In order to evaluate the genetic role in the etiology

of idiopathic epilepsy, the near relatives (parents, siblings,

uncles, aunts, cousins and grandparents) of two groups of patients

of the Children's Memorial Hospital were compared. The probands

of the two groups are ascertained in the following manner: -

Idiopathic Probands ~ These are patients who come to the

neurology service and who:

a) have a history of recurrent petit mal and/or grand mal seimres;

b) have no obvious neuropathology; and

c) whose electroencephalogram pattern is of the paroxysmal, bilater-

ally synchronous 3/sec. spike and wave typee

Control Probands - The paramount importance of an adequate

control goup has been stressed in earlier reports (e.g. Oct. 1952)«

An attempt has been made to randomize the control sample by selecting

every fifth admission to the hospital, and investigating the relatives

provided the patient satisfies the following conditions: =

~a) no history of seigres

b) no obvious neuropathology; and

¢) electroencephalogram within normal limitss
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when a suitable proband (idiopathie or control) ie

found, & family and medical history is taken. “A detailed study,

including neurological and EEG examinations of the parents and

siblings, .is made. A psychometric evaluation of all probands

(idiopathic and control) is done by the Department of Psychiatrye

Tite. DATA

Frequency of Seizures « In Table 1 below the relative

frequency of seigures in the near relatives of 45 idiopathic and

37 control families is compared. An individual is ¢classified as

affected if, as far as is possible to ascertain, his seizures. are

not attributed to metabolic disorders, hysteria, syncope, or carotid

sinus syndrome. Individuals with vague or unsubstantial history of

seizures are omitted from this analysis.e

TABIE 1

Frequency of Seigures in Families of Idiopathic and

Control], Probands

IDIOPATHIC CONTROL P

Siblings 22086 (21/92) eB (4/83) 3001 .

Parents | 26036 (14/86) 268 (2/72). OB

Uncles and Aiints =e 7H (20/425) 3e9% (15/388) 70

Grandparents == «1.4. (2/172) 000% (0/141) 30+

Gousing 2.5% (15/603) 02 (1/481)

Total 5e2h (72/1378) 169% (22/1166) 001

+Enploying Fisher's exact method.

It is to be noted from Table 1 that the frequency of seizures

among the siblings (22.8%), parents (16.3%), and cousing (2.5%) of

the idiopathic probands is significantly higher than the comparable

frequencies (4.84, 2.8%, and 0.2%) of the control probands. Further-
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more, when all the near relatives are considered together, the

’ fyequency of seizares. in the idiopathic group (5.2%). is signif=

deantly higher than in the control group (1.9%) e

' " Te is important to note, ‘$00, that as the genetic

distance between the relative studied and the proband inereasea, ,

the frequenty of epileptic seizures tends to decrease (from app=

roximately 23% to 2%) in the case of the idiopathic group, but.

tends to fluctuate within fairly narrow Limite (between 4.8% and

0.0%) in the control groupe

Frequency of EEG Abnormalities e in Table 2 the frequency

of EEG abnormalities in the siblings and parents of idiopathic and

control probands is compared. ‘The BEG abnormalities are divided

into a) "atopathie" (paroxysnal, bilaterally synchronous, 3/sec.

spike and wave), and “symptomatic” (all other ERG abnormalities) «

‘Borderline normals" and "borderline abnormals" are omitted from

the analysiss

2 TABLE 2 =

Frequencies of EEG Abnormalities in Parents and Siblings

of Idiopathic (I) and Control (C) probands.

oo, NUMBER =, "IDIOPATHIC" "SYMPTOMATIC" BOTH
. (x) (c) .(I) (¢) (I). (C) (I) (6).

| yo “V3 6 3/36 Vig 5 /g6 SOS
Parents 5B. (20) Seb 000% 863% 607% 13096 667%

aa aed
Siblings 60 22 28.6% 0.0% 238% - 18.2% 52.4% 18.2%

OF pv yy ek a

TOTAL 11S. «4D 1T09H «000K 607% 105% (34.66111.5%

y

fable 2 clearly shows that the frequency of EEG abnor-

~>

‘.

cSmalities ("idiopathic"TM or "symptomabic") is higher in the idio=

pathic than in the control group. ‘Two observations may be stressed 48

at this times -
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a) 2867 (12/42)of the siplings and Be 6% (2/36) of the

parents of idiopathic probands had an idiopathie EEG tracing

but none of ‘the siblings and parente of the control probandse

b) The frequency of EEG abnormalities (idiopathie or

symptomatic) among the siblings of idiopathic probands (52.4%)

is significantly higher than among the siblings of the control

probands (18.2%).

Other Comparisons ~ As has been reported in earlier

reports, no significant differences have been found in 1) birth

order, 2) maternal age, 3) left handedness, and 4) intelligence

quotient between the. idiopathic and control probandse

Atypical Idiopathics « Thess are patients who come to

the neurology service with a clinical picture identical with that

of the typical idiopathics and who are placed on and respond to

identical medication. However, the EEG pattern of these patients

is not of the typical 3/sete spike and wave but the frequency may

vary from 2-6/seee. In these patients the dissharge is bilaterally

' gynehronous and there is no other background abnormality in the

EEG pattern. To seo if this group might be worthy of more exten=

sive research, the families of a few of these atypical idiopathic

probands have been studied and compared with the game control

group mentioned aboves

fable 3 shows the frequency of seizures in the near rol=

abives of 16 atypical idiopathic families, and is compared with

the frequencies given in Table ls
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Prequency or Seizures in Families of Atypical , Idiopathic,
i

Jaiopathie and Control Probands.
i

ATYPICAL | TYPICAL coNTRot,

Siblings 104% (5/44) 22.8% | Let

Parents og ‘LbsTh (5/30) 16.3% 208%

Theles and Aunts 543% (8/151) «Ae Th 309%

Grandparents 303% (2/60) Le2h, 9004.

Cousins 1.2% (3/243) ; 205% 002%

TOTAL . belie (23/528) Goh 109%

It is to be noted here that, on the whole, the Prequency

of seizures in the yarious groups of relatives of atypical idice —

pathie probands is quite comparable to that found in the same rele

atives of typical idiopathic probands. ‘There is no statistical

significance between “atypical” and "typical" for any of the six

groups, i.e. siblings, parents, uncles and aunts, grandparents,

cousins and totale

- fable 4 compares she frequency of ERG abnormalities in

the atypical {Aei.} and typical (fele) idiopathic groupse Again, on

the whole, the frequency of ERG abnormalities is quite comparable

* CBIR 4 bs

Frequengsy of REG Abnormalities in Atypical (AcZo) and

Gypical (Pele) Idiopathic Groupe

' NUMBER ' STDIOPATHIC® "SYMPTOMATIC" BOTH

(AeIe) (Por.) {AcLe) (Tele) {AoT.) (2eI-) (Ale) (Tre)

Parents 1. 518256901) BLK OT 0S 13098

Siblings 60 202% 286% 222k 23 «Aho 520L%

TOTAL 228 = 000% 9-179) 1500 «160TH «350K 34.06%
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between the two idiopathic groups. None of the differences

are statistically significant. The implication is that the

two groups have a common etiological pasis. Forther work is

needed to prove whether or not this important relavionship is

tLUE o | _

iVe CONCLUSIONS:

le in previous reports it was suggested that the data indicated

hereditary factors in the etiology of"idiopathie” epilepsys The

analysis of the cumiative data up to the present time strongly

supports this contention,for the incidence of epilepsy in the

‘siblings, parents and cousins of idiopathic probands is signifig

cantly higher than in the comparable groups of the control probandse a7 hat?
poo}

The overall frequency of seizures in the idiopathic group { 5 2K) is | . (

significantly higher (p = e001) than in the control group (1. h)> > awit

(See ‘Table Le

2. Genetie factora seem to be in operation also in the production

of EGG abnormalities, for these abnormalities are more frequent’: Lp

generally in the idiopathic group than in the control. (Sea Table 2)e) “
3e There is a suggestion that hereditary factors may also be ine ”

volved in atypleal idiopathic epilepsy both as to frequency of
rc

seizures and EEG abnormalitiess'(See Tables 3 and Ade ae
-

Respectfully submitted,

Juldus De Metrakos, PhiDe

_-- Kalletias,. Uthsheo FID...
| - a . Katherine Motrakos, MeDo
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SOURY

The frequency of aoimures (5.28) among the near

relatives (siblings, parenta, grandparents, uneles, sunte

end cousins) of idiopathio probands ia found to be signifie

cantly higher {p = .002) than in the on relatives of

eontrel probanda. When the siblings aud parents are conside

ered together, the froqueney of seivures is 6.5 times as bigh

in the idiopsthie (20.2%) than in the contzol (3.96).

the electrocnoephalogrephic abnomulities ere mre = + 3)

frequent in the pavente and aibhings of sdiepernte (3666) — |

than of control (12.5%) probands. the frequensy of REG abnor

walities in the siblings of idiopathic probonds (52.4%) is 2.9

tines es high asia the control 16.2%. Considering only EEG

abnoraalities of the “idiopathic” type, the difference is oven

more striking ~ 28.6% in the siblings of idiopathic probands

and 0.0% in the siblings of eontrol probanda.

A qumperisen between typienl and “atypienl" idiopathic

@Poups indientes thet the two muy be comparable and that the’ same

differences may exist bewwosn atypi¢al idiopatuics and euntrols

ag between typical idiopathios and coniwole.
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STUDY OF GENETICS OF Ai XLEPSY

PROGHRGS REPORE (FAM. « HOV. 2953)

I. ugnopuor son

During the past ten soathe datm on additional epileptic

and Gontrol femilies have been collected employing the same

e@etheds which have been outlined in detail in © previous report

(Get. 1952) and which are stated briefly below. This report is

brought up to date by including tables of the ownlative data.

Tie wins

In order to evaluate the genetic vole in the eticlogy

of idiepathie epilepsy, the near relatives (parents, siblings,

uncles, aunts, cousins and grandparents) of tau groupe of patients

of the Children's Memorial Noopiteal were compared. The probands

of the two groupe are ascertained in the following mannert «

Eejopathio Probandgs « These are patients whe come to the

neurology service and who

a) have « history of recurrent petit sal and/or grand nal seizures;

b) have no obvious neuropathology; and

¢) whose electroencephalogran pattern iv of the parexyanal, bilatere

ally syachrenocus 3/see. apike and wave type.

GSontrod Probonds - the paramount isportanee of an adequate

Gontvol goup has been stressed in earlier reports (e.g. Get. 1952).

An attempt has been ande to randomiue the control sample by selecting

every fifth admission to the hospital, and iavestigating the relatives

provided the patient satisfies the fullowing conditions: «

a) no history of seimares

») no obvious neuropathology; and

6) eleetroencephalogrem within normal Limitee
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When a gaitable proband (idiopathic or control) ie

found, & femily aud wedieal history ie taken. Adetailed study,

including seurelegical and ERO exuminatioas of the parenta and

aidblings, is ange. A paychomotric evaluation of all probands

{idiopathic and control) to done by the Departaent of Paychiatry.

tiie DATA

Zroquency of Beinures - in Table 1 below the relative

frequency of seisures in the near relatives of 45 idiopathic and

37 control femiiios is compared. An individual is ¢lesuified as

affooted if, ag far as ia possible to ascertain, hia seisures are

not attributed to metabolia disorders, hysteria, aynoope, or carotid

Sinus syndrome. Individanle with vague or unsubstantial history of

seinures are omitted from thie analysiae

- T4BIR Le

Frequency of Gaigures in Pomijies of Idiopathic and

Control Probanda

IDIOPATHIC Gowmol P 4

Siblings 22.8% (22/92) heBh (4/83) 200]

Paronte 16.3% (24/06) 2th (2/72) 01

Uheles and Aunta heh (20/425) 39% (15/388) 70

Gousine 2.5% (25/603) 0.2% (2/481) 01

Yotah $o2h (72/2370) = Ae Mh (22/2066) 002

+Maploy ing Piaher’s exact sethod.

It ia to be noted from Table 1 that the frequency of seixares

among the siblings (22.9%), parente (14.34), und cousins (2.9%) of

the idiopathic probands io significantly higher then the comparable

frequencies (4.85, 2.8%, und 0.2%) of the eontrel probands. Purther~
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more, when el) the necr relatives are considered together, the

frequency of seizures in the idiepathic group (5.2%) ie signif-

foantly higher then in the control group (169%).

It ies important to note, too, that ae the genetic

distance between the relative studied aud the proband inerenaes,

the frequency of epileptic seizares tends to dearease (from app-

vroximately 23% to 2%) in the cause of the idiopathic group, but

tends to fluctuate within fairly nurrow Limite (bevween 40% and

0.06) in the control group. :

« In Gable 2 the frequency

of BEG abnorealities in the ciblings and parents of idiepathie and

eontrol probands is compared. The EXO abauraalitics are divided

into a) "idiopathic" (peroxyenal, bileterally synchronous, 3/00.

@pike and wave), and “symptomatic” (al) other ENO ebancenshinine)

“Borderline normale" and “borderline abucranle” are omitted from

the analysiae

o~ TABLE Qe

Prequencies of BEG Abnoranlities in Perenta and Siblings

of Idiopathic (I) and Control (GC) probands.

NUMETR “SDLOPAgHIC” “SORUNAEXO” Bom
7 Ohm OR ta

Parente 58 20 56h 0004 845% bcTH 13-96 667%

Siblings 60 22 20.66 0.08 238% 18.2% 52.4% 16626

POPAL 18 42 VG 0.06 16TH LbsHh 34-66 11.5%

Table 2 clearly whoa that the frequency of ERG abnor

walities ("idiopathio" or “syaptemctie’) is higher in the idic-

pathic then in the control group. %wo observations may be stressed

at thie tleer «
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@) 28.6% (12/42) of the siblings and $.6% (2/36) of the

parents of idiopathic probanda had an hdfopethie ERG tracing

bat none of the viblings and poventa of the control probands.

wv) the frequency of EM abnoremlities (idiopathic or

symptomatic) among the siblings of idiopathic probands (52.4%)

ie significantly higher than esong the siblinge of the eontrol

probands (1B.2jb)«

Qther Campariaona « As has been reported in eorlier

reports, ao significant d4iffereneus have been found in 1) birth

ovfer, 2) saternnh age, 3) left handedness, and 4) intelligence

quotient between the idiopathic and eontrol probands.

Abypiend Itopathies = Tiowe are patientu who cone te

the seurology service with « elinieal pleture identical with that

of the typics) idiopathies and whe are pleeed on and respond te

idestionl medication. However, the BAG pattern of these peticnts

is not of the typical 3/see. apike and wave but the frequency aay

vary from 296/se0. In these pationts the discharge ia bilaterally

aynchronous and there ia no other background abnormality in the

BRO pattern. © see if this group aight be worthy of more exten-

sive research, the fanilies of « few of these atypioal idiopathic

peebents have been atudied ant dompared with the asame control

Group meutioned above.

Mable 3 shows the frequency of séigures in the near rele

atives of 16 abypieal idiepathie families, and is compared with

the frequencies given in Table i.
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: * TABLE “ 3. *

Frequoney of Goimures in Panties of Atypical 1d,opathis,

idiepataie and Control Probenis

ARYP ICAL _ SMPRCAL ‘CONROE
: sonbeo

Siblings Ad.4% (5/44) 22.8% 4.8%

Perentsa Loe Tih (5/30) 26.3% 208%

Theles and Aunta $o3% (8/252) AeT = Be MH

Grandparents 303% (2/60) 1.2% 000%

Cousins 202% (3/243) 2.5% O28

PUTAL bed (23/528) 5.2% 1.9%

sa

It is to be noted here thet, on the whole, the frequency

of seigures in the various groups of relatives of atypieal idio~

pathie probands is quite comparable tu that found in the aame rele

atives of typical idiopathic probands. There ia ao statistical

@ignifieance between “atypical” and “typical” for any of the siz

groups, 1@. siblings, paronts, uncles and aunts, grandparents,

eousing and totel.

table 4 compares tho frequency ofEMO abnoranlities in

the atypical (A.I.) and typical (%.X.) idicpathia groups. Again, on

the whole, the frequeney of KEG abnoranlities is quite comparable

- MBE 4

Prequeney of BBG Abnoremlities in Atypical (A.E.} and

fypieak (2.2.) idiopathic Groups.

HURBR "{DLoN awe? “SYMP DUuATIC*
(Aske) (ek-) {AeZe) (@eE-) {Ack-) (2.24)

Parenta al 58 18.2% 5 obi 9.1% 8.3%

Siblings 9 te «628.65 «622.22360

DUTAL 3 6 OOP SO 6. TH
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betwoen the two idiepathio groupa. None of the differences

are stabietieslly significant}. The implication ia tat the

two groups heve « common @tiolexioal basia. Purther work is

needed te prove whether or not thie important relationshipis

EHUB 0

1¥e Gongs Rai

1. in previous roports it was suggested that the data indicated

hereditary factors ia the ebiclugy of"idiepathie® epilepsy. the

analyeie of the cumlative deta up te the prevent tine strongly

Supperia this Contention Tor the ineidenge of epilepsy in the

®iblings, prxente aud gousins of idiepatiie probande is signifi-~

euntly higher than in the comparable groups of the control probands.

the overall frequency of seimuves in the idiopathie group (5.2%) is

significently higher (p © .001) than in the contwol group (1.9%).

(See Table 1).

2-e Genetic factors seem to be in operation aleo in the produation

of EG ebnoranhities, for these abnoraniities are more frequent ~

generally in the idiopathic group than in the contrel.(fee Table 2).

3e ‘here is « suggestion that hereditary footers aay alaobe ine

volved in atypical idiopathic epilepsy both as to frequeney of

eeisures end ERG abnormalities. (See Tables 3 and 4).

Reapectfully subnittved,

Julius De Metrakos, PheDe

vmeeeKelhccttin ILed cabere,ID
Eatherine Wetrakos, MeDe



Document disclosed under the Access to Information Act

Document divulgué en vertu de la Loi sur l'accés a information

$25),Loo

FROSLGT NOe G04-5=25

STUDY OF GENETICS OF EPILEPSY

TROGRESS REPORT (JAY. = NOV. 1953)

Ie zpymopucTicn

During the past ten months data on additional epileptic

and control families have been Gollected employing the game

cethods which have been outlined in detail in a previous report

{Gct. 1952) and which are stated byiefly belowe This report is

brought up to dete by including tables of the cumilative datae

Il. iseROnS

In ordor to evaluate the genetic role in tho etiology

of idiopathic epilepsy, the near relatives (parents, siblings,

uncles, aunts, cousins and grandparents) of two groupa of patients

of the Children’s Memorial Hospital were compureds The probands =

of the two groups are ascertainad in the following manners 2

Idiopathic frobands = These are putlents who cone to the

neurolozy service and whos |

a) have a history of recurrent petit mal and/or grand mol seizures;

b) have no obvious neuropathology; and

¢) whose olectroencephalogram pattern is of the paroxysmal, bilatere

aliy sysehzonous 3/sec. spike and wave type

control Probands = The paramount importance of an adequate

control aoup has baen gtressed in earlier reports (@e@e Oct. 1952).

An abbenpt hes been made to randomize the control sample by selecting

every fifth admission to the hospital, and investigating the relatives

provided the patient satisfies the following conditions: «

a) no hiatory of seigures

b} no obvious neuropathology; and

c) eleetroencephalogram within normal limitee
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When a suitable proband (idiopathic or control) is

found, a family and medical history is taken. A detailed study,

snoluding neurological and EEG examinations of the payents and

aiblings, ig meade. A psychometric evaluation of all probands

(idiopathic and control) is done by the Department of Puychiatrye

Tite DATA

Frequonoy of Seizures « In Table 1 below the relative

frequeney of selimtres in the near relatives of 45 idiopathi¢ and

37 control families is compared. An individual is classified es

affeeted if, as far ag is possible to ascertain, his seizures are

Rot attributed to metabolic disorders, hysteria, sylicope, or carotid

sinus syndromes Individuals with vague or unsubstantial history of

seizures are omitted from this analysise

- TABIE Le

Frequency of Soigurea in Families of Idiopathic and

Control Probandsa

LOTOPATHIG GONTROL / 2p

Siblinga 22.68% (21/923 | heB® (4/83) e002

Parents 1663% (14/86) 208% (2/72) - oO

Uneles and Aunta -- bet (20/425) 3.9% (15/388) 70 |

Grandparente ua (2/72) 08 (0/m4a) —0e fe

Cousins . 205% (25/603) 0.02% (2/481) 001

Total 5.2 (72/1378) 169% (22/1166) 002

+lmploying Pisher's exact methode

It is to be noted from Table 1 that the frequency of seizures

anong the siblings (22.8%), parents (16.34), and cousins (25%) of

the idiopathic probanda is significantly higher than the comparable

frequencies (4.8%, 2.8%, and 002%) of the control probands. Furthere
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" more, when all tho near relatives are considered together, the

frequency of seizures in the idiopathic group ' (5.2%) is signif= «

icantly higher then in the contvol group (1.9%).

It is important to note, too, that as the genetic

@istance between the veletive simdied and the proband increases, ©

the frequency of epileptic seizures tends to decrease (from app=

roxinately 23% to 2%) in the case of the idiopathic group, but

tonds to fluetuats within feirly narrow Limits (between 4.6% and

000%) in the control groupe

Frequency of EEG Abnormalitios © In Table 2 the frequency

of ERG abnormalities in the siblings and parents of idiopsthic and

control probands is compared. “The EEG ebnormalitios are divided

Anta a) “idiopathic” (peroxyemal, bilaterally synchronous, 3/sec.

spike and wave), and "symptomatic" (a1) other EWG abnormalities).

"Borderline normals" and “borderline abhormals" ave omitsed from

the annlysiss

~ TADLE 2 « .

Frequencies of BEG Abnormalities in Parents and Siblings

._ of Idiopathic (Z) and Control (CG) probands.

RUSBUR °° «"]DFOPATHTG" “SyEPTONAeIC’ BOTH
0) fe) (De) (c) (0 (6c)

Parents 58 20 - 506% 0.08 663% 607% 13095 607%

Siblings 69 22 20.6% 000% 23.58% 16802% 52.4% 15.8%

TOTAL ne 42 “179% 0008 16.76 205% G46 11.58

fable 2 clearly shows that the frequency of EKG abnore

malities ("1diopsthic" ox “symptomatic”) is higher in she idio-

pathic than in the control group. Two observations may be stressed

at thie time: e
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a) 26.6% (12/42) of the siblings and 56% (2/36) of the

parents oF idiopathic probunda had an idiopathic ERG tracing

but none of the siblings and parents of the control probandse

b) ‘the frequency of ENG abnormalities (14diepathic or .

symptomatic ) among the siblings of idiopathic prebands (52044)

is significantly higher than among the siblings of the control

probands (16.2b)e

Other Comparigons - As has boen reported in earlier

‘reports, no aignificent differences have been Pound 4n 1) birth

order, 2) maternal age, 3) Left handedness, and 4) intelligence

quotisnt between the idiopathic and control probandBe

&typioal Idiopathics ~ Those are patients who cone te

the nevrology service with a clinical picture identical with that

of the typical idiopathics and who are placed on and respond to

identical medication. However, tho HEG pattern of these patients

is not of the typical 3/secs spike and wave but the frequency may

vazy from 286/sece In these patients the discharge is bilaterally

synchronous and there is no other background abnormality in the

ERG pattern. To sea if this group might be worthy of more extone

sive research, the funilios of « Lew of theses atypical idiopathie |

probands have heen studied and compared with the same control

group mentioned:above

Tablé 3 shows the frequency of seiaures in the neay rele

abives of 16 atypical idiopathic families, and is compared with

the frequencies given in Table le
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Hrequency of Seizures in Families of Atypical ,Taiopathic,

idiopathic and Gontred Probands
sit

\ amvprdan gypreat, | GONERO

Siblings (Med (5/44) BRAS 408%

Parents . , LO0TH (5/ 30) 16.3% 208%

Geles and Aunta 563% (8/251) eT | 309%

Grandparents 33% (2/60) 12% 0.0%

Cousins , 102% (3/243) 205% 062%

gORAL hehid (23/528) 5.28 198

It ia to bo noted here that, on the whole, the frequency

of seizures in the various groups of relatives of atypical idic=

pathic probands 18 quite comparable to that Sound in the sane role

abives of typical ididpathie probands. There is neo statistical

algnificence between ‘Wetypieal”TM and "typical" for any of the six

groups, ieGe Siblings, paronts, uncles and aunts, grandparents,

eousing and totale

fable 4 comperea tho frequency of EEG abnormalities in

the atypical (Aez.) and typical, (ZeIe) idiopathic groups. Again, on

the whole, the frequency of EEG abnormalitiea is quite comparable

.@ TABLE 4e

Hraquency of BEG Abnormalities in Mypieal (AcEe) and

fypicad (Tole) Idiopathic Groupae

NUMBER <TPLOPAuTiC? — *OXMP TOHATIO®

(Asde) (Bele) (Aete) (Bete) (AcTe) (BeTe)
BOTH

(Acle) (@I.) =

Parents iL §8 1B. 2% 50 6% 9 01% Be 34

Siblings § «(GORA BOR «22S 23.88

TOTAL 30 128 20008 17.9% 15.0% 16.7%

273% 139%

Lhahh S2elh

350 Of 346%
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between the two idiopathic groups. None of the aifferences

are statistically significant. The implication is tuoat the

two groups have a common etiological basise Further work is |

needed te prove whether or not this important relationship is

EXUG @ | a, |

IVe GORCLUSIONS

ie In nrovious reports 44 was suggested that the data indieated

hereditary fuctors in this | ébiolouy of"idiopathic® epilepsy. The

analysia of the cumlative deta up to the present tine strongly

supports this contention, for the incidence of epliopsy in the

siblings, porents and cousins of idiopathic probands is signifiq

_ tantly higher than in the comparable groups of the control probantise

' Fhe overall frequency of soigares in the idiopathic group (5.2%) is

significantly higher (p = .001) than in the control group (1.9%)o

(See Teble 1).

2 Genetic factors seem to be in operation also in the praduction

ef ERG abnormalities, for these abnoranlities are more frequent’ ;

generally in the idiopathic group than in the control. (See fable 2)e

3e There 1s a suggeotion that hereditary factora may also bé ine

volved in atypical idiopathic spilepsy both as to froquency of

seizures and BEG abnormalitiesas (See Tables 3 and 4)e

Respectiuily submitied,

Julius D. Hetrokos, PheDe

: hallecuebibaberLID.
Kathoring Metrakes, MeDe
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PROFEOT NOs 604~5=25

STUDY OF GRURTIOS OF RPILEPSY

PROGRESS REPORT (JAN. = HOVe 1953)

giBOsRY

The frequency of soigures (5.2%) among the near

relatives (siblings, parents, grandparents, uncles, aunts.

and cousing) of idiopathic probands is found to be signifig

cantly higher (p = .001) than in the same relatives of

contre] probands. When the siblings and parente are coagide

exved together, the frequency of seisares is 6.5 times ag Ligh

in the idiopathic (20.2%) than in the control (3.9%).

fhe electroencephalogrephic abnormalities ere more

frequent in the parents and siblings of idiopathic (34.6%)

than of control (11.5%) probands. ‘the frequency of KEG abnor-

malities in the siblings of idiopathic probonds (52.4%) is 2.9

times as high as in the control 18.2%. Considering only EO

abnormalities of the “idiopathic” type, the difference is even

more atriking - 28.6% in the siblings of idiopathic probands

end 0.0% in the siblings of control probandae

A comparison between typical and “atypical” idiepathic

groups indieates that the two aay be comparable and thet the. same

differences may exist between atypical idiopathies and controle

as between typical idiopathics and controls.
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PROJECT NOo 604-5925

STUDY OF GENETICS OF EPILEPSY

PROGRESS REPORT (JANe = NOVe 1953)

SUMMARY

Tho frequency of seimires (5.2%) among the near

relatives (siblings, parents, grandparents, uncles, aunts

and cousins) of idiopathic probands is found to be signifie

cantly higher (p = -001) than in the same relatives of

control probands. When the siblings and parents are consid=

ered together, the frequency of geizures is 6.5 times as high

in the idiopathic (20.2%) than in the control (3.9%).

fhe electroencephalographic abnormalities are more 4 be

frequent in the parents and siblings of idiopathic (B06)

then of control (11.5%) probands. ‘The frequency of EEG abnor=

malities in the siblings of idiopathic probands (52.4%) is 2.9

times as high as in the control 16.2%. Considering only EEG

abnormelities of the "idiopathicTM type, the difference is even

more striking = 28.6% in the siblings of idiopathic probands

and 0.0% in the siblings of control probandse

A comparison between typical and "atypical" idiopathie

groups indicates that the two may be comparable and that the’same

differences may exist between atypical idiopathics and controls

as between typical idiopathics and controise
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van OV aE STUDY OF GENETICS OF EPILEPSY
vb é

in view of conflicting reports regarding the importance of

heredity in epilepsy, the applicants have begun &n investigation in
r

order to prove whether or not the perents and siblings of patients

(from The Children's Memorial Hoapitel) with “idiopathic” epilepsy

are more likely to have conwulsive disorders and/or cortical dise

rhythmiaa than the iumediate relatives of patients with no history

of convulsions and whose electroencephelogramsa are normale

PREVIOUS WORK

Throughout the history of epilepsy various investigators

have succgested that the frequency of convulsive disorders smong the

relatives of epileptics may be severel times higher than among the

relatives of non-epileptice. ‘The earlier estimates were based mainly on

the prosence or absence ct a positive family history, and often without

regerd to the genetic relationship of the affected individuals to the

proband. donsequently, because of the wide distribution of the epileptic

symptom-complex throughout the population, reports of eighty percent or

more of positive family histories were not uncommon. It was not until

comparatively recent years that the statistical approach has been employed

using the parentesibling and twin study methodse Ty

The chief contribution in support of an hereditary factor in the

etiolosy of epilepsy has been made by Lennox (1951) who analyzed the medical

histories of 20,000 near relatives ieee the parents, siblings, and children oe

of over 4,000 epileptics. He found the overall incidence of epilepsy in this
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group to be 6-7 times higher then in a control group. hen he divided

the group inte those with and those without antecedant brain domage, the

incidence of epilepsy was twice as great in the group without brain

damage, but the frequency of both groups remeined significantly higher than

the frequency in the control group.

Lennox's evidence for a hereditary predisposition to epilensy

ia supported further by his studies on 122 pairs of twins, for of the 69

monozygotic twins 61% were concordant (i.@. both had epilepsy), wheress

of the 53 divygotie twins only 9% were eoncordent.

Recently, Alatrom (1950), a Swedish investigator, hes challenged

the “evidence” for « hereditary factor in the etiology of epilepsy, reporting

that the overall incidence of 1.5% whieh he found emong the near relatives

of some 900 epileptics was not significantly higher than the frequency of

@pilepay in the same control group used by Levant; Furthermore, when Alstrom

divided his epileptica inte three distinct groups, nemely, those with unknown,

these with probably, and those with known etiology, he found no significent

difference in the incidency of epilepsy in the near reletives of these three

GroupGe

The schiam between these two diametrically opposite points of

view becomes even more pronounced when it is considered that the massive and

painstakingly collected deta of both these investigators is subject to and

has received consideratle criticiam. Por exauple, some of Lenuox's material

may have been bisnsed by the fact that about one-third of his index cases

were referred to him by other neurologiats who knew thet he wes interested in

familial eases. It is ovr opinion and experience thet such e procedure is

| more likely to inelude cases with a positive family history than sporadic

eases, thus causing the incidence of epilepsy in the relatives of the index
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eeses to appear unduly high. ‘The twin data collected by Lennox may

also be biased, since the proportion of aonozygotic to dizygotic pairs

far exceeds the 1:2 ratio which is found in 4 normul population. Unless

epilepsy occurs more frequently in monozygotic then in dinygotic twins

- & supposition not supported by other twin series - then Lennox's excess

ef monozygotics would suggest thet the twins were not selected on the sole

basia thet one of the pair had epilepsy. Whenever twin pairs are selected

by criteria other then that one of tke pair has epilepsy then it becomes

highly probable thet concordant pairs would be selected sore frequently

then discorient paira.

fhe incidency of epilepsy in the “sontrel" population used by

Lennox was based on the portion of draftees (0.515%) in the United states

rejeeted because of epilepsy during World Yar 1. Comparing the incidence

of epilepsy in the near relatives of the index casea with this control

group is not justified for no account isa taken of the age distribution end

of other dissimilarities which make the two groups not comparable.

With regard to Alstrom's methods, Jteinberg (1951) hes pelated

out thet binses of o different nature may have occurred in nis. selection of

index cases. More important, Steinberg kas shown that in Alatrom’s data

the incidence of epilepsy in the siblings of index caseu is higher if one

parent is affected than if both parents ere normal; a fact not pointed out

by Alstrom but which nevertheless suggests that genetic factora may be in

operation.

Although there wes no significant difference between Alstrom's

three groups of epileptica, nevertheless the figures (1.7%, 1.2% and 1.1%

\
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for unknown; probable and known etiology respectively) are in the

same direction as Lennox's. Unfortunately, Aletrom, like Lennoz,

has no adequate control group.

PROPOSED RESEARCH —

In view ef the two diametrically conflicting opinions re-

gerding the role of heredity as an etiological factor in convulsive

disorders, Dr. J. Preston Robb, Hegistrer of the Montreal Neurological

Institute and Director of Neurelogy of the Children's Memoriel Hospital,

suggested to Dr. Clarke Fraser, who is the Director of the Depertmont of

Medical Genetics, et the seme hospital, thet it might be possible te

organize an independent group to reinvestigate the question ef heredity

in epilepsy. (All research activities of the latter hospital department

are the responsibility of the Department of Genetics at McGill, end under

the supervision of its Chairman.) The progrem of investigation outlined

below was then initiated.

1. Selection of Epileptic Probands. It was feit from an examination

ef both Lennox's and Alstrom’s studies that if a hereditary fector ia

involved in the production of epilepsy, thea the group in which this fector

is most likely to be demonstreted is in the so-called “idiopathio” or

“oryptogenie” type. Consequently, it was proposed that the investigation

begin with probands from the Neurology Service of the Children's Memorial

Hospital who : -

(a) have a history of recurrent petit mal and/or grand mel seizures;

(b) have no obvious neuropathology; and

(e) whose electroencephalogram pattern is of the paroxysmal bilaterally

synchronous 3/second spike and wave type.
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The medical records of a1] patients who come to the Neurology Service

with e histery of convulsions ere examined and if there is no obvious

neuropathology to account, for the seisures and if the BSG pattern is of

the 3/see. spike and wave type, then the petient becomes an index case

and femily studies, as outlined below are underteken. Obtaining epileptic

probands by these specific and objective criteria, and then investigating

their families was considered the most efficient end quickest wey to arrive

ot an araver to the question of whether epilepsy end/or cortical dyerhythmia

are ebnormelly frequent in the relatives of patients with e clearly defined

type of epllepsye

2. Selection of Control Probandse Selecting an adequate control group

to compere with the idiopathic group is « difficult task but ealao of parae

mount importance in interpreting the deta collected, The epileptic and

control probends mast be as compereble os possible (re age, birth order, number

of siblings, age end racial origin of porents, economic status, ete. ete.) in

order to control the experiment and get rid of variable fecters other than those

as

to be studied. For this rosson the control probands are drawn at random from

the same hospital population to which the epileptics belonge The unlignad -

record of every rift adntanton: is examined and if aia te no history of

convulsions and if the patient is not in the Infant Ward (206%s sre difficult

to do on infants) the child becomes a potential eontrol proband. An ERG is

ordered (providing of course, that the child's illness is not neuropathological)

and if the pattern is found to be within normal limits, the patient is accepted

8S a control proband. (Potential probands who have no history of seizures and

no neuropathology but whose electroencephalogram is not within the normal

limits are not secepted in the present control group, but will be used later

in the projected studye)}
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3. Familyestudies. hen 4 suitable proband is found, both idiopathic

or control, a family and medical history is teken by interviewing the father

end mother. In the family history information is obteined about the (1)

grandparents, (Ii) the paternal and maternal uncles and sunts, (ILi) the

paternal ond meternal cousins, and (IV) the siblings and nieces and nephews

of the probands. :

A deteiled study including © neurological examination ond eleetro-

encephilogrephic study of the parentea and all available siblings is made.

4n effort is made to substantiate all reports of history of convulsive dis-

orders by writing to the hospitals or physicians concerned.

It is to be ucted that the same procedures are underteken with the

family of epileptics as with the fewily of non-epileptie hospital patients,

and that there are biases of selection.

4. Paychiatric Jtudies. The Ysychiatry Department under the direction

of Dr. Taylor Stotten, is conducting psychometric studies on both the epileptic

end control probands. This portion of the investigation <i sone the

question of whether epileptics of the idiopethic type suffer any mental

deterioration.

5. KEG studies. The electroencephalographic tracings are read by

Dr. H. H. Jasper, Profeasor of "xperimental Neurology, Montreal Neurologicel

institute, without any previous knowledge as to the patient's family or

neurological history.

®ORK DORE BEFORE GRANT WAS OBTAINED

Before this grant wee obteined, Dr. F. GC. Fraser attended the

epilepsy cliinie of the Montreal Neurological Institute and collected « number

of pedigrees of epileptic petients. This wos done in order to get an idea

of the problems involved in a study such es the one whieh eventually was under-
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taken. Although pedigrees collected only by interview of © single family

member are unreliable for genetic analysia of diseeses as capricious ss epilepsy,

the experience guined was most helpful in designing the present pregram in

such @ way as to avoid some of the pitfalls into which previous workers have

fallen.

Dr. J. De Metrakos located and studied eight pairs of twins where

at least one meuber hag epilepsy. The sygoaity and concordance or discardance

of these twing heve been edequetely established. Dr. Metrakos is continuing

to investigate ai1 twins that come into the idiopathic or control series |

outlined above.

| RESULeS

A pragress report for April to the end of September 1952 has been“2 SOAS en

- subs tted separately. Portions of this report ure repeated here with some

additional notes.

1. Eistory of Seizures in Parents and Gitlings. able I shows the

rélutive frequency of seizures in the parents and siblings of teenty-eight

idicpathic and nine control families. An individuel ie classified as effected

if his seizures sre not attributed to metabolic disorders, hysteria, syncope

er cerotid sinus syndrome. individuals with vague and unsubstantiated history

ef seigures sre omitted from this ennlysis.

~ TOLLE I -

Frequency of Seianres in Parents ond Siblings.

TDIGPATHLC CONTROL < P

Parents 16% (9/56) 6% (1/18) 1.29 2° 30= 220

Siblings 14% (11/59) hi (1/24) | 2.89 | .10-.05

Total 17% (20/115) 5% (2/42) | 4007 |] 205~.02
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In the idiopethic group, nine (5 fathers and 4 mothers) or

16% of the parents gave « (efinite history of seisures. In the ¢ontrol

group only one mother or 6 of the parents gave a substantiated history

of seigurea.

On the basis of a Chieutquere test (2 x 2 table) the increased

frequency of seigures among the parents &ud aiblings of idiopathic pro-

bands over thet found among the perents and siblings of the control pro-

bands is not significant when parents and siblings sre considered separstelye

However, when the purents and siblings sre considered together the incidence

of seizures in the idiopathic group (17%) is signiiicantly higher (p © 05-202)

than that in the control group (5i)-«

2. History of Seizures in Distant Melativess Tuble 2 shows the rel-

ative frequency of seigures (as obtained by interview with the parents of

the proband) in the grendpsrents, uncles and aunts, and cousins of the 37

probands mentioned above. So far, some affected grandparents (2/106 plus 6

others with a vegue history) and cousins (13/342) have been found among the

e TABIE 2-«

Frequency of Seizures in Distant Relatives

tproparntc | coNTROL ¢ P

Grandparents 1e9% (2/106) | 000% (0/36) | © -

Uneles and Aunts jen (8/249) 11.98 (9/82) 7.63 201,001

Cousins 308% (13/342) | 0.0% (0/91) | -

Total 303 (23/697) | 403% (9/209) | 0048 059=.30
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idiopathic group but not among the control group. Uecause the

"Affected-Control" class in these two groups is zero, tho standard

eosquare test is not valid, but it seems obvious that she differences

ge not statistically significant.

‘the frequency of scizures in the uncles and sants of the

control group (11.0%) is significantly higher (p * -01-.001) than in

the idiopathic group (3-2). Uhis entire difference was brought about

by the fact that in one uf the nine control families, seven cut of the

nine maternal uncles and aunts presented a definite history of s¢imres,

However, even with this family included, the relative frequency of seizures

in the idiopathic (3.3%) ana control group (4.3%) is not significantly

Gifferent (p = .50-.30) when the three groups of relatives are considered

tagethers

3 BMG Abnormalities in Parents and Siblings. Table 3 shows the

relative frequency of BEC abnormelities found among the purents and

siblings of the idiepathic and control familios. Sorderline normals and

borderline ubnormals were not included in this analysis. Yar too few

BEG's of the control group have been done to date and ccasequently the

two groups cannot be compared adequately. However, it is of interest to

note at this time the high frequency (55%) of ERG ebnormlities exhibited

by the siblings of idiopathic probands. {As the four control siblings

that were tested were all normal, the standard X sequare test was not done.)

When the parents and siblings ere considered together, the frequency of

EEG abnormalities in the idiopethie group (31%) is 2.2 times us high as in

the contro) group (14%); however, this difference is not « statistically

significant one (p = .50=.39).
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e VABLE 3e

Frequency of KEG Abnortmlities in Parents and Siblings

IDIOPATHIC CONTROL x° P

Parents 16% (5/32) 33% (1/3) O06) 0 50= 630

Siblings 55% (11/20) 0% (0/4) © “

PROPOSED ANALYSIS OF FUTURE DATA

At the present time the data collected ere too few for suitable

breakdown and statiztical analysis. Pereentages and a simple x? test were

used above on pooled data in order to see what trends if any, are indiestede

When more data ap collected the following breakdowns and analyses will be

done in order to anewer quéstions relative to te

1) Sex Distribution t= asle and female probands, fathers and mothers,

brothers aud sisters, ete., will be considered separately in order

to determine whether there is any difference in the sex distribution

of epilepsy and whether or not there are any sex-linked fectors

involvede

2) Family Size and Birth urder :e the mean femily size and the birth

order of the control end idiopathic probands will be compared in

order to ase if birthe-rank is an important environsentel factor

in producing epilepsye

3) Antenatal, Natal and Neonstal Histories :e detailed informetion

is being collected on the antenatal, natal and neonetal histories
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of all probends and their siblings. his deta will be

analysed and the idiopathic and control groups compsred in

order to see if there sre any significant antenatal, natal

or neonatal factors.

Psychometric Testing :e both the idiopathic and control probands

are tested by the Psychiatry Department and their Intelligence,

Social and Total juotients are obtained. A comparison between

the two groups will contribute some information on the question

of whether any mental deterioration or whether eny behaviour

problems accompany epilepsy in children.

Heredity of Cortical Dysrhythmia t- Lennox, Gibbs and Gibbs, (1945)

have published data suggesting that the cortical dysrhythmia under-

lying the epileptic diathesig is inherited as a Mendelian dominant

factors Although in later publications of these investigators, the

Mendelian dominant theory is not supported nevertheless the idea of

an inherited cortical dysrhythmia merits further investicatione

Genetic Factors se this ia the main aspect of the project and when

sufficient data have been collected, the question regarding the ime

portance of heredity in idicpathic epilepsy will be answered for if

a) the frequency of seimres is statistically higher in the idioe

pathic than in the control group, then genetic factes are involved;

if however, b) the frequency of seizures is not significantly dife

ferent in the two groups then it must be concluded that epilepsy

affects individuals at random and that ao hereditary factors are

involvede

fo analyse the data here the standard sibship cenetic formlae

Weinberg, Fisher, Hogben, Haldane, and others) will be used as it

becomes necessary. The Sequential Analysis method, compnring

paired individuels from the idiopathic and control groups is ulsg 001109
3



under consideration as a possible analytical tool; however at the

present time there are too few individuals in each category to attempt

such an analysis.

SHDICATIONS FROU FORK SO FAR

At the present time it appears that a hereditary factor (or

factors) in the etiology of “idiopathic” epilepsy is indicated for ;

i) the incidence of seizures among the ptrents and siblinge of

idicpsthic probands is 3.4 times as high as in the control group,

(statistically significent at the 5% level); and 2) the incidence of

ERG ebnorualities in the parents aad siblings cf idiopathic probendsa

is 2.2 times as high cs in the control group (not statistically significant).
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The first. month of this study was devoted mainly to Oo
organizational problems. ‘There were consultations with the

Department of Electroencephalography, Radiology, Neurology and. -

Psychiatry, in order to coordinate the various aspects of the .

‘investigation. Up until the end of September the following

activities have been conducted 3--. . .

(A} ACTIVITIES :

le ‘Medical Genetics:

“&) Family histories: Forty-eight families have been
interviewed and a medical history has been obtained Se,

on the siblings of the proband, his ‘parents and grand=- =.
parents, his maternal and paternal uncles and aunts, ~~

‘and on his maternal and paternal cousins. |

(>) Physical examinations: One hundred and thirty-two

physical examinations have been carried out; fifty=

eight on probands, thirtyseight on parents and _thirty- -
six on siblingse | oo Lo

(c) Analysis of data: The data are tabiletea daily as they
'" are collected and an analysis.made whenever required.

A preliminary report was presented to the American _

Human Genetics. Society at.Cornell University, ithaca,

‘New York. This report. (brought up to-date) is
summarized in section Be !

26 Blectroencephalography : One hundred and twenty-four EEG's
have been done on probands and on. parents and siblings of
probands.

Idiopathic and control probands - 38.

Individuals unsuitable as probands 18

Perents and siblings of probands © 63.

Repeated EEG's — ; ob

co 124

3. Psychiatry: Fortynine- psychometrics ‘(Intelligence and Social
quotients) have been done; forty-five on probands, and four on

twin siblings of probands.

4« Radiology:. thirty-six skull Xerays: ‘have. been done.
: ne Lait os aN,. : . = ise Tye OLD Nad no3 “

- ( Nov 12 1952 os
\ >
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Summary of above acbivities::

(8) ANALYSIS of DATA:

3 - _ fa) History of seizures:

- Family histories ~

’ Physieal examinations

‘Preliminary reports |.

Electroencephalograns |

Psychometrics

Skull. X-rays
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“faple Ll shows the relative -
frequency of seizures (not attributed to metabolic

-disorders, syncope or carotid sinus syndromes) that

was found in twenty-eight idiopathic and nine suite .

able control families. °

TABLE 1 -

SHIBURES
Tdiopathic - Control

Parents 16 (9/56) | 6% (1/18)

| a . ae
oo - Siblings 1ep (11/59) 4% (1/24)

Total 17% (20/235), 5% (2/42)

(b) Blectroencephalographic abnormalities: Teble 2
shows the relative freauency of EEG abnormalities

. (borderline abnormalities are not 4ncluded) found
in the parents and siblings tested so far in the

' twenty-eight idiopsthic and nins-control families .. .

mentioned ADOVE . ,

“TABLE 2

ELEC TROENGEPHA LOGRAMS
Jshopothie ’ Gontrol

Parents io (5/32) + 33% (1/3)

Siblings 55% (11/20)... | ~ 0% (0/4)

_ Total 31g. (16/52) - | “sb (1/7)

‘Continuedess... 001112
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c ) CONCLUSIONS: :

aust
Eee

mens fa)

(b)
. definite, substantiated histories of seigures as

(c)

At the present time the numbers ‘are too small to
arrive at any definite conclusions, however, certain trends
are indicated because ¢

16% of the parents of idiopathic probands have »
definite histories of seizures as compared with

6% of parents of control probands;

138% of the siblings of idiopathic probands have

compared with 4% of siblings of control probands;

55% of the siblings of idiopathic probands show
electroencephalographic abnormalities. (Too few
EEG's have been done on parents and Siblings of con-
trol probands; and therefore, the percent abnor~
malities found in the idiopathic group cannot be
adequately compared).

At the present time, therefore, it appears that a hereditary
factor in the etiology of "aiopathie epilepsy is indicated
for: 1) the incidence of seizures among the parents and
siblings of idiopathic probands is at least, three times as
high as in the control group; and 2) the incidence of
electroencephalographic abnormalities in the parents and
Siblings of idiopathic probands is at least two times as high
as in the control ELOUP.«

Respectfully submitted,

Katherine Metrakos, M. De

wind Mie her PRD.
CUSEHP Ce ETEDE(HE vere unee

tlius D. Metrakos, Ph. De
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STUDY OF GENETICS OF EPILEPSY [72

PURPOSE

In view of conflicting reports regarding the importance of

heredity in epilepsy, the applicants have begun an investigation in

order to prove whether or not the parents and siblings of patients

(from The Children's Memorial Hospital) with "idiopathic" epilepsy

are more likely to have convulsive disorders and/or cortical dise

rhythmias than the immediate relatives of petients with no history

of convulsions and whose electroencephalograms are normale

PREVIOUS WORK

Throughout the history of epilepsy various investigators

have suggested thet the frequency of convulsive disorders among the

relatives of epileptics may be several times higher than among the

relatives of non-epileptics. The earlier estimates were based mainly on

the presence or absence of a positive family history, and often without

regera to the genetic relationship of the affected individuals to the

proband, Consequently, because of the wide distribution ef the epileptic

symptom-complex throughout the population, reports of eighty percent or

more of positive family histories were not uncommonse It was not until

; comparatively recent years that the statistical approach has been employed

using the parent-sibling and twin study methodss

The chief contribution in support of an hereditary factor in the

etiology of epilepsy has been made by Lennox (1951) who analyzed the medical

histories of 20,000 near relatives ices the parents, siblings, and children

| of over 4,000 epileptics,. He found the overall incidence of epilepsy in this
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group to be 6=7 times higher than in a control group. When he divided

the group into those with and those without antecedant brain damage, the

incidence of epilepsy was twice as great in the group without brain

damage, but the frequency of hoth groups remained significantly highsr than

the frequency in the control group.

Lennex's evidence for a hereditary predisposition to epilepsy

is supported further by his studies on 122 pairs of twins, for of the 69

monezygotic twins 61% were concordant (i.e. both had epilepsy), whereas .

of the 53 dizygotic twins only 9% were copeordant.

‘Recently, Alstrom (1950), a Swedish investigator, has challenged

the “evidence for a hereditary factor in the etiology of epilepsy, reporting

that the overall ineidence of 1.5% which he found among the near relatives

of some 900 epileptics was not significantly higher than the frequency of |

epilepsy in the seme control group used by Lennox. Furthermore, when Alstrom |

divided his epilepties into three distinct groups, namely, those with unknown,

those with probably, and those with known etiology, he found no significant

difference in the incidency of epilepsy in the near relatives of these three

SroupSe

The schism between these two diametrically opposite points of

view becomes even more prenounced when it is considered that. the massive and

painstekingly collected data of both these investigators is subject to and

‘has received considerable criticism. For example, some of Lennox's material

may have been biased by the fact that about one=-third of his index cases
a

were referred to him by other neurologists whe knew that he was interested in

familial cases. It is our opinion and experience that such a procedure is

more likely to. include. cases with a positive family history than Sporadic
TO me yams ~ ~ nae newee aetna rte pee pm nf wane 

an!

eases, thus causing the incidence of epilepsy in the relatives of the index _
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“eases to appear unduly high. The twin data collected by Lennox may

also be biased, since the proportion of monozygotic to dizygotic pairs

far exceeds the 1:2 ratio which is found in a normal population. Unless

epilepsy occurs more frequently in monozygotic than in dizygotic twins

- & supposition not supperted by other twin series - then Lennex's excess

of monezygotics would suggest that the twins were net selected on the sole

basis that one of the pair had epilepsy. Whenever twin pairs are selected

by eriteria other than that one of the pair has epilepsy then it becomes

highly probable that concordant pairs would be selected more frequently

than discordant pairs. |

The incidenecy of epilepsy in the “control” population used by

Lennox was based on the portion of draftees (0.515%) in the United states

rejected because of epilepsy during World War is Comparing the incidence

of epilepsy in the near relatives of the index cases with this control

group is not justified for no account is taken of the age distribution and

of other dissimilarities which mske the two groups net comparable.

With regard to Alstrom's methods, Steinberg (1951) has pointed

out that biases of a different nature may have occurred in his selection of

index cases. More important, Steinberg has shown that in Alstrom’s data

the incidence of epilepsy in the siblings of index cases is higher if one

parent is affected than if both parents are normal; a fact not pointed out

by Alstrom but which nevertheless suggests that genetic factors may be in

operation.

Although there was no significant difference between Alstrom's

three groups of epileptics, nevertheless the figures (1.7%, 1.2% and 1.1%

001117
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for unknown; probable and known etiology respectively) are in the

same direction as Lennox's. Unfortunately, Alstrom, like Lennox,

has no adequate control group.

PROPOSED RESEARCH

In view of:the two diametrically conflicting opinions re

garding the rele of heredity as an etiological factor in convulsive

disorders, Dr. J. Preston Robb, Registrar of the Montreal Neurological

Institute and Director of Neurology of the Children's Memorial Hospital,

suggested to Dr. Clarke Fraser, who is the Director of the Department of

Medical Genetics, at the same hospital, that it might be possible to

organize an independent group to reinvestigate the question of heredity

in epilepsy. (All research activities of the latter hospital department

are the responsibility of the Department of Genetics at McGill, and under

the supervision of its Chairman.) The program of investigation outlined

below was then initiated.

1. Selection of Epileptic Probands. It was felt from an examination

of both Lennox's and Alstrom's studies that if a hereditary factor is

involved inthe production of epilepsy, then the group in which this factor

is most likely to be demonstrated is in the so-called “idiopathicTM or

"“eryptogenic”" type. Consequently, it was’ proposed that the investigation

begin with probands from the Neurology Service of the Children's Memorial

Hospital whe : = |

(a) have a history of reeurrent petit mal and/or grand mal seizures;

(b) have no obvious neuropathology; and

(c) vihese electroencephalogram pattern is of the paroxysmal bilaterally

synchronous 3/second spike and wave type.
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The medical records of all patients who come to the Neurology Service

with a history of convulsions are examined and if there is no obvious

neuropathology te account for the seizures and if the EEG pattern is of

the 3/secs spike and wave type, then the patient becomes an index case

and family studies, as outlined below are undertakene Obtaining epileptic

probands by these specific and objective eriteria, and then investigating

their families was considered the most efficient and quickest way to arrive

at an answer to the question of whether epilepsy and/or cortical dysrhythmia

are abnormally frequent in the relatives of patients with a clearly defined

type of epilepsye

20 Selection of Control Probandss — Selecting ap adequate control group

to compare with the idiopathic group is a difficult task but also of paras

mount importance in: interpreting the data collected. The epileptic and

control probands mast be as comparable as possible (re age,. birth order, number

of siblings, age and racial origin of parents, economic status, ete. etces) in

order to control the experiment and get rid of variable factors other than these

to be studieds For this reason the control probands are drawn at random from

the same hospital population to which the epilepties belongs The medical

reeord of every fifth admission is examined and if there is no history of

convulsions and if the patient is not in the Infant Ward (EiG‘s are difficult

to do on infants) the child becomes a potential eontrel proband. An EEG is

ordered (providing of course, that the child's illness is not neuropathological )

and if the pattern is found to be within normal limits, the patient is eccepted

as @ control proband. (Potential probands who have no history of seigures and

no neuropathology but whose electroencephalogrem is not within. the normal

limits are not accepted in the present control group, but will be used later

in the projected studye)
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3. Family-studies. When a suitable proband is found, both idiopathic

or control, a family and medical history is taken by interviewing the father

and mother. In the family history information is obtained about the (1)

grandparents, (II) the paternal and maternal uncles and aunts, (III) the

paternal and maternal cousins, and (IV) the siblings and nieces and nephews

of the probands. |

A detailed study including a neurological examination and electro=

encephalographic study of the parents and all available siblings is made.

An effort is made to substantiate all reports of history of convulsive dis-

orders by writing to the hospitals or physiciens concerned.

It is to be noted that the same procedures are undertaken with the

family of epilepticsa as with the family of non-epileptic hospital patients,

and that there are, biases of selection.

4.0 Psychiatric Studies. The Psychiatry Department under the direction

ef Dr. Taylor Statten, is conducting psychometric studies on both the epileptic

and control probands. This portion of the investigation. will answer the
question of whether epileptics of the idiopathic type suffer any mental .

deterioration.

>- EEG studies. The electroencephalographic tracings are read by

Dr. He Ho. Jasper, Professor ef Experimental Neurology, Montreal Neurological

Institute, without any previous knowledge as to the patient's family or

neurolegical history.

WORK DONE BEFORE GRANT WAS OBTAINED

Before this grant was obtained, Dr. F. C. Fraser attended the

epilepsy clinic of the Montreal Neurolegical Institute and collected a number

of pedigrees of epileptic patients. This was done in order to get an idea

of the problems involved in a study such as the one which eventually was undere

y
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taken. Although pedigrees collected only by interview of a single family

member are unreliable for genetic analysis of diseases as capricious as epilepsy,

the experience gained was most helpful in designing the present program in

such a way as to avoid some of the pitfalls into which previous workers have

‘fallens

Dr. J. D. Metrakos located and studied eight pairs of twins where

at least one member has epilepsy. The mygosity and concordance or discordance

of these twins have been adequately established. Dr. Metrakes is continuing

to investigate all twins that come into the idiopathic or control series

outlined above.

RESULTS

A progress report for April to the end of September 1952 has been

submitted separately. Portions of this report are repeated here with some

edditional notes.

ie History of Seigures in Parents and Siblings. Table I shows the

relative frequency of seizures in the parents and siblings of twenty-sight

idiopathic and nine control families. An individual is classified as affected

if his seizures are not attributed to metabolic disorders, hysteria, syncope

or carotid sinus syndrome e Individuals with vague and unsubstantiated history

of seizures are omitted from this analysis. |

~ TABLE I -—

Frequency of Seizures in Parents and Siblings.

IDIOPATHIC CONTROL e P

/ Parents 16% (9/56). 6 (1/18) 1.29 °30=.20

Siblings 18% (11/59) Wh (1/24) | 2.89 | .10-.05

Total 1% (20/115) | 5% (2/42) | 4007 | 005-02
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In the idiopathic group, nine (5 fathers and 4% mothers) or

16% of the parents gave a definite history of seizures. In the control

group only one mother or 6% of the parents gave a substantiated history

of seizurese

On the basis of a Ghi~Square test (2 x 2 table) the increased

frequency of seizures among the parents and siblings of idiopethic prow

bends over that found among the parents and siblings of the control pro=

bands is not significant when parents and siblings are considered separatelye

Hewever, when the parents and siblings are considered together the incidence

of seizures in the idiopathic group (17%) is significantly higher (p = 005.02)

than that in the control group (5%) =

2x History of Seizures in Distant Relativess Table 2 shows the rele

ative frequency of seimures (as obtained by interview with the parents of

the proband) in the grandparents, uncles and aunts, and cousins of the 37

probands mentioned abovee So far, some affected grandparents (2/106 plus 6

others with a vague history) and cousins (13/342) have been found among the

* TABIE 2 «

Frequency of Seizures in Distant Relatives

TDIoPararc | coNTROL ~ P

/ Grandparents 139% (2/106) | 02.0% (0/36) « ®

/ tnetes and Aunts | 302% (8/249) | 11600% (9/82) | 7063 Ole 2001

‘ Cousins 308% (13/342) | 020% (0/92) | « “

Total 3036 (29/691) 403% (9/209) | 0048 | 250430

fee a
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idiopathic group but not among the control groupe Because the

“Affected=Control”TM class in these two groups is zero, the standard

rasquare test is not valid, but it seems chvious that the differences

arenot statistically significant.

fhe frequency of seizures in the uncles and aunts of the

control group (11.0%) is significantly higher (p = 201,001) than in
{

the idiopathic group (302%)e This entire difference was prought about

by the fact that in one of the nine control families, seven out’ of the

nine maternal uncles and aunts presented a definite history of seimress

However, even with this family ineluded, the relative frequency of seizures

in the jdiopathic (303%) and control group (403%) is not significantly

different (p = 250=.30) when the three groups of relatives are considered

togethers

34 ERG Abnormalities in Parents and Siblings. Table 3 shows the

relative frequency of EEG abnormalities found among the parents and

Siblings of the idiopathic and control families. Borderline normals and

borderline abnormals were not included in this analysis. . Kar too few

EEGfs of the control growp have been done to date and consequently the

two groups eannot be compared adequatelye However, it is of interest to

note at this time the high frequency (55%) of EEG abnormalities exhibited

by the siblings of idiopathic probandse (As the four control siblings

that were tested were all normal, the standard Posquare test was not done s)

When the parents and siblings are considered together, the frequency of

EEG abnormalities in the idiopathic group (31%) is 2.2 times as high as in

the control group (14%)3 however, this difference is not a statistically

significant one (p= £50%030)o
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« TABIE 3 4

Frequency of EEG Abnormalities in Parents and Siblings

IDIOPATHIC CONTROL y2 | p

Parents 16% (5/32) 33% (1/3) 0262 £50 530

Siblings 55% (11/20) | 0% (0/4) |» °

Total 31% (16/52) 14% (1/7) | 0082 | 650030

PROPOSED ANALYSIS OF FUTURE DATA

At the present time the data collected are too few for suitable

breakdown and statistical analysis. Percentages and a simple x2 test were
he

used above on pooled data in order to see what trends if any, are indicateds

When more data ae collected the follewing breakdowns and analyses will be

done in order to answer questions relative to 3

1) Sex Distribution s+ male and female probands, fathers and mothers,

brothers and sisters, etc», will be considered separately in order\

\
\ to determine waether there is any difference in the sex distribution

\ of epilepsy and whether or not there are any sexelinked factors
\
\ involveds

| 2) Family Size and Birth Order “30 the mean family size and the birth
fo

| order to see if birth-rank is an important environmental factor

order of the control and idiopathic probands will be compared in

| in producing epilepsye

(3) Antenatal, Natal and Neonatal Histories t= detailed information
\

is being collected on the antenatal, natal and neonatal histories
| -

\

\
|

|
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ef all probands and their siblingse This data will be

analysed and the idiopathic and control groups compared in

order to see if there sre any significant antenatal, natal

or nsonatal factorse

Psychometric Testing :# both the idiopathic and control probands

are tested by the Psychiatry Department and their Intelligence,

Social and Total quotients are obtaineds A comparison between

the two groups will contribute some information on the question

of whether any mental deterioration or whether any behaviour

problems accompany epilepsy in childrens

Heredity of Cortical Dysrhythmia :*. Lennox, Gibbs and Gibbs, (1945)

have published data suggesting that the cortical dysrhythmia under

lying the epileptic diathesis is inherited as a Mendelian dominant

faetore Although in later publications of these investigators, the

Mendelian dominant theory is not supported nevertheless the idea of

an inherited cortical dysrhythmia merits further investigatione

Genetic Factors $@ this is the main aspect of the project and when

sufficient data have been collected, the question regarding the ime

portance of heredity in idiopathic epilepsy will be answered for if

a) the frequency of seizures is statistically higher in the idio»

pathic than in the control group, then genetic factes are involvedj

if however, b) the frequency of seizures is not significantly dife

ferent in the two groups then it must be concluded that epilepsy

affects individuals at random and that no hereditary factors are

involvede

To analyse the data here the standerd sibskip genetic formlae

(Weinberg, Fisher, Hogben, Haldane, and others) will be used as it

becomes necessary.o The Sequential Analysis method,::: comparing

paired individuels from the idiopathic and control groups,is also 001125
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under consideration as a possible analytical tool; however at the

» Such an analysiss Lf
eee teeta

/
INDICATIONS FROM WORK SO FAR

At the present time it appears that a hereditary factor (or

factors) in the etiology of “idiapathic*TM epilepsy is indicated for 3:

1) the incidence of seizures among the parents and siblings of

idiopathic probands is 304 times as high as in the control group,

(statistically significant at the 5% level} and 2) the incidence of

EEG abnormalities in the parents and siblings of idiopathic probands

is 2.2 times as high as in the control group (not statistically significant).
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STUDY OF GENETICS OF EPILEPSY | ed

In view of conflicting reporta regarding the importance of

heredity in epilepay,| the applicants have begun an investigation in

order to prove whether oY not ‘the parents and siblings of patients

(from The Children's Memorial Hospital) with idiopathic" epilepsy

are more likely to have convulsive disorders and/or cortical dise

rhythmias than the immediate relatives of patients with no history

PREVIOUS WORK

Throughout the history of epilepsy various investigators

have susgested that the frequency of: convulsive ‘disorders among the .

relatives of epileptics may be several times higher than among the

| relatives of non-epileptics. ‘The earlier estimates were based mainly on

the presence or absence of a positive family history, and often without

regard to the genetic relationship of the affected individuals to the

_ proband. Consequently, because of the wide distribution of the eplleptic

synptom-complex throughout the population, reports of eighty percent or

. more of positive family histories were hot uncommone It was not until

comparatively resent years that the statistical approach has been employed

using the perentesibling and twin study methodse | .

The onief contribution in support of an hereditary factor in the

etiology of epilepsy has been made by Lennox (1951) who analyzed the medical

histories of 20 9000 near relatives isos the parento, ‘siblings, and ‘children

of. over Ly 000 epileptions He found the overall incidence of epilepsy in this, a
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group to be 6=7 tines higher than in a control groupe When he divided —

the group into those with and those without antecedant brain dimes, the

incidence of epilepsy was twice ses great in the group without brain,

damage, but the frequency of both evoups Yemoined significantly higher than

the frequency in the control group. |

Lennox's evidence for a hereditary predisposition to cpilspsy

is supported further by hia studies on 122 pairs of twins, for of the 69

monozygotic twins 61% were concordant (i.e. both had epilepsy), whereas

‘ef the 53 dizygotic twins only 94 were concordant.

Recently , Alstrom (1950), a Swedish investigator, has challenged

the “evidence” for @ nereditary factor in the etiology of epilepsy, reporting

that the overall jncidence of 1.5% which he found among the near relatives

of some 900 epileptics was not significantly higher than the frequency of

epilepsy in the same control group used by Lennox. Furthermore, when Alstron

divided his epiloptics into three @istinet groups, nameiy, those with unknown,

those with probably, and those with known etiology, he round no significant

difference in tie incidency of epilepsy in the near relatives of these three

SYOUDE«

The schism hetween these tuo dianetrically opposite points of

view becomes even iors pronounced when. it is considered that the massive and

painstakingly collected deta of both these investigators is subject to and

nas received considerable criticism. For exauple, some of Lennox's material

may have been biused by the fact that about one=third of his index cases

were referred to him by other neurologists who knew that he was interested in

familial cases. It is our opinion and experience that such a procedure is

more likely to include cuses with a positive family history than sporadic

eases, thus cansing the incidence of epilepsy in the reletives of the index
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eases to appear unduly high. The twin data collected by Lennox nay

also be biased, since the proportion of monozygotic to dizygotic pairs

far exceeds the L:2 ratio which is found in a normal- population. Unless

epilepsy occurs more frequently in monozygotic then in dizygotic twins

- & supposition not supported by other twin series then Lennox's excess

of monozygotics would suggest that the twins were not selected on the ole

-basis that one of the pair had epilepsy. Whenever twin pairs are selected

by criteria other than that one of the pair has epilepsy then it becomes

highly probable thot concordant pairs would be selectad more frequently

than discordant pairse

The incidency of epilepsy in the neontrol" population used by

‘Lennox wes based on the portion of draftees (0.515%) in the United States

rejected because.of epilepsy during World Var I. Comparing the incidence

of epilepsy in the near relatives of the index cases with this control

group is not justified for no account is taken of the age distribution end

of other dissinilarities which make the two groups not comparable.

With regard to Alstrom's methods, Steinberg (1951) has pointed

out thet biases of'a different nuture may have occurred in his selection of

index cases. More important, Steinberg has shown that in Alstrom's data

the incidence of epilepsy in the siblings of index cases ia higher if one.

parent is affected than if both parents are normal; a fact not pointed out

by Alstrom but which nevertheless suggests that gonebic factors may be in

operation. |

Although there was no significant difference between Alstrom's

three groups of eplileptica, nevertheless the figures (1.7%, 1.2% and 1.1%
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for unknown; probable and known etiology respectively) are in the

same direction as Lennox's,. _ Unfortunately, ‘Alstron, Like ‘Lennox,

has no. edequete. control groups

PROPOSED RESEARCH

ta view of the two diametrically conflicting opinions ‘ree

garding the role of heredity aa an etiological factor in convulsive

disorders, Dr. Je Preston Robb s Registrar of” the Hontreal Neurologice)

Institute. and Director of Neurology of the Children? g Memorial Hospital,

‘guggeated to. Dr. Glarke Fraser, who is the Director of the Department of

Medical Genetica, at the ‘pate hospital, that it might be possible to

_ organize an. independent group. to reiuivestigate the question of heredity

in epilepsy. (ald research activities of the latter hospital’ department

are the responsibility of the Department of Genetics at MeGill, and: undor

the supervision or ite Chad men.) The program of investigation outlined .

- _ below was then initiated.

. 1. Selection of Epileptie Probands. Tt was felt from an examination

of both Lennox's and Alstrom’s studies that it a hereditary factor is

involved in the» production of epilepsy, then the group in which this factor

is most ilkely to bo demonstrated is in the so-called "iasopathio" or

"oryptogenic” type: Consequently, it.was preposed that the investigation

' begin with probands from the Neurology Service of the ohilérents Memorial

Hospital who :-= a

. (a). have history of recurrent petit mai and/or grand mal seimres;

(bd) | have no obvious “neuropathology and ,

(c) whose electroencephalogran pattern ‘is of the. paroxysmal bilaterally

synchronous 3/seeond spike and wave type.
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‘Phe medical recoris of all patients who come’ to the NeurologyService:

with a history of convulsions are exemined ana if there is no obvious |

neuropethology to account for the seimires and if the EEG. pate: ern is of

the’ 3/006 spike, and. wave type, then ‘the: pationt becomes an index case. ce ,

and. famaly. studies, as outlined below are undertaken. obtaining epileptic

probands by. these speeifie and objective criteria; and then investigating

theirfamilies was considered Lule. 108% efficient aud quickest way to arrive.
at ain anguer to tho question of whether epilepsy ani/or cortical dysrhythinta |

are “abnormally frequent dn the relatives of patients with EI clearly defined _

fo,' type of epilepsys

2e ' Selection of control Probandiss Selecting an sdequate control croup.

' to comps ibe with the idiopathie group. is & difficult task buts also of paras :

mount. importance in _interproting the: ante collected: The epileptic and -

_ control probands | must be us comparable aa ) posuible Are BEE, birth order’, aumber °

_ of siblings, uge and j reeial, origin of pirents, economic status, ete etes) ain |

order to control the experiment, and got ria of variable fectors other than. those .

to be studied. © For this veason the conbrol probands are Grayn at random froin -

‘ the same hospital population bo which the epileptics belongs The medical -—

record | of every fifth: admission is “examined and if there: i3 -n0- history of

convulsions aud if the patient is not in: the Infant Yard (abs are aistiout

¢o do on intents) the child becomes. a potential control probands An BEG is —

ordered (providing of course, that the child's illness is not nouropathological)

and it the pattern -is “Pound to be within normal linits, the patient is accepted

as a ‘control proband. (Potential probands who have no. history of seizures ana |

no neuropathology but whose elect rooncophalogram is not within the normal

Limits are not accepted in the present control group, but. will be used Leber

in the projected studye) . Bes oe oe
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3. Familye-studies. when a suitable proband is found, both idiopathic

or control, a family and medical history is taken by interviewing the father

and mother. In the family history information is obtained about the ( I}

grandparents, (12) the paternal and maternal uncles and aunts, { IIT) the

paternal and maternal eousias, and (IV) the siblings and nioces and nephews

of the probands.

A detailed study iacluding a neurological oxamination and electro

encephalographic study of the parents and all available siblings is nade.

An effort is made to gubstantiate 411 reporta of history of convulsive dis-

orders by writing to the hospitals or physicians concerned.

it is to be noted that the same procedures are undertaken with the

family of epileptics as with the family of non-epileptic hospital patients,

and thet there are, biases of selections

Ae FEsyeh niatric Studies. The Psychiatry Department under. the direction

of Dr. Taylor Statten, is conducting psychometric studies on both the eplleptic

and control probenes. Bhi portion of the investigstian wilt one swer the

question of whether ‘epileptics ot the idiopathic type suffer any mental

deterioration.

5. ERG studies. The electroencephalogra phic. tracings are read by

Dr. H. R. Jasper, Professor of Experimental Neurclogy, Montreal Neurological,

_ Institute, withont any previous knowledge as to the patient’s family or

newrologieal history .

NORK DONE BEFORE GARD WAS CBTATNAD

Before this grant was obtained, Dr. F. CG. Fraser attended the

epilepsy clinic of the Montreal Neurological Institute and collected 4 number

of pedierees of epileptic patients. This wus done in order to get an idea

of the problems involved in a study such as the one which eventually was undere
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taken. Although pedigrees collected only by interview of a single family

wed

member ere unreliable for genetic analysis of diseases as capricious as epilepsy,

the experience gained was most helpful in designing the presont program in

such a way as to avoid some of the pitfalls into which previous workers have

fallen.

Dr. J. D. Metrakos located and studied eight pairs cf twins where

at least one member has epilepsy. The zygosity and concordance or discordance

of these twins have been adequately established. Dr. Ketrakos is continuing

to investigate all twins that come into tha idiopathic or control series

outlined above.

tyoteSUL

A progress report for April to the end cf September 1952 hag bean

submitted separately. Portions of this report are repeated here with some

additionsl notes.

il. History of seizures in Patents and Siblings. able I shows the

relative frequency of seigures in the purents and siblings of twonty~elight

idiopathic and nine control families. An individual is clussifled as sffected

if his seigures are not attributed to metabolic disorders, hysteria, syncope

or carotid sinus syndromes Individuals with vague end unsubstantiated history

of seizures are omitted from this analysis.

- TRLE I -

Frequency of seizures in Parents and Siblings.

IDIGPATHEC CONTROL P

Parents 16% (9/56) -{ 6% (2/18) >] 1.29 2 30~.20

Siblings 1a (11/59) kh (1/24) | 2089 | 010-.05

Hotal 17 (20/115) | 5% (2/42) | 4.07 | .05~.02
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In the idiopathic group, nine (5 fathers and 4 mothers) or

16% of the parants gavo‘a definite history -of seizures. In the control

‘group only one mother or 6% of the parents gave a substantiated history.

of SOLZUres es. - / - .

‘On the basis of a ChieS Square test: (2 x2 table) the increased:

froquency of seizures among the parents and siblings of. idiopathic pros

bands over that found among the parents and siblings of the control pro=

bands’ is not significant when parents and siblings are considered separately.”

However, when ‘the parents, and siblings 6re considered together the. inc idence a

of seizures in the. idiopathic group (ata) is significantly higher (p 7 1205-402)

than that in the control group (58) 6

26 History of Seizures in Distant Relatives Fable 2 shows the rele
ative frequency of seizures (as obtained: by interview vith the parents of

the proband) in the grandparents, uncles. and aunts, and cousins of the 37

‘probands mentioned abovee So far, gomé affected grandparents (2/106 plus 6. :

others with a vague history) and cousins (13/342) have been found among the

«~ TABLE 2.

' Frequency of Seizurés in Distant Relatives

IDIOPATHIC ~ | conmon | P

Grandparents ~ 149% (2/106) 040% (0/36) -- - o"

Uneles and unt 302% (8/249) 11.02% (9/82) 7063 -O1~,001

Cousins . | 368% (13/342) | 040% (0/91) | S °

Total | 343 (23/697) | 443% (9/209) | O0f8 | 6500430

|
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idiopathic group but not among the control BXOUP» ‘Because the .

“Atfected-Gontrol" clase in these two groups is zero, tho standard

" Pasquare vost is not valid, but it seems obvious that the differences

are not statisticolly significants . a . |

‘the frequency of seizures in the. uneleis and eunts of” the.

control group (11.0%) is significantly higher (p# 0164001) than in

_ the idiopathic group (32%). | This ‘entire aifference was brought about

by the fact that in one of sho, nine control families, seven out of the |

‘nine maternal uncles and aunts presented a definite history of seizuress

However, even. with this femily inoluded, the relative frequency of soimres

in the idiopathic (393) and control group (403%) is not significantly.

different (p = + 450-»30) when the. three groups ‘of relatives are considered

- togethers . |

34 ERG Abnormalities in Parents and Siblings. - Table 3 ‘shows the .

relative frequency of EEG abnormalities found among the parents and

“siblings ‘of the- idiopathie and- control families. Borderline normals and

‘borderline abnoraeis were not. included in this analysis. Far. too few: -
EEG ts of the control group have been done to date ‘and consequently the |

two groups cannot be compared adequately. However, it is of interest to

- note-at bhis time thé high frequency (558) of BUG abnoimalities exhibited

‘by the aiblines of idiopathie probands. (As the four’ control siblings .

- that were seated were. all normal, the standard Yasquere test was not done.)

“When the parents and Siblings are considered together, the frequency of

FEG abnormalities in the idiopathic. group (31%) is 2.2 times as. high as in

the control group (14% sys however, this aifference is not a statistically
significant one (p * +50=930)s
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» TABLE 3 «

Frequency of EEG Abnormalities in Parents and Siblings

iproratHic |. conTROL 3 Pp

Parents 16% (5/32) 33% (1/3) | Os6. | 50630

Siblings 55% (11/20) | 0% (0/4) ~ -

Total ‘31% (16/52) ] 146 (1/7) | 0682 | 4504630

PROPOSED ANALYSIS OF FUTURE DATA

At

break@own and statistical analysis.

the present time the data collected are too few for suitable

Percentages and a simple X¥° test wore

used above on pooled date in order to seo what trends if anys are indieateds

When more data ae collected the following breakdowns and analyses will be

done in order to answer questions relative to te

1) Sex Distribution t= mélLe end fenaie probands, fathers and uothers,
brothers and sisters, etes, will be considered separately in order ©

to determine whether there is any difference in the Ox distribution

of epilepsy and whether or not there are any sex-linked factors

involved.

2) Family Size and Birth Order se. the mean femily size and tho birth

order of the control and idiopathic probands wilt be sompered in

order to see if birtherank is an “gmportant environnental factor

in producing epilepsy.

3) Antenatal, Natal and Neonstel Historios. t= detailed information

is being collected on the antenatal, natal and neonatal histories
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5)

6)

affects individuals at random and that no hereditary factors. are

pained individuals from the iddopathic and control groups,is
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of all probands and their siblings. ‘his deta will be

analysed and the idiopathic and control groups compared in,

order to see if there are any significant antenatal, natal

' or neonatal fdctorse

‘Paychometric Testing := both the idiopathic and eontrol probands. -

‘are tested by the Psychiatry Department ana their Intelligence,

Social and Total quotients are obtaineds A compsrison between

the two groups will contribute some information on the question

of whether any mental deterioration or whether any behaviour “

problems accompany epilepay in childrene

Heredity of Cortical Dysrhythmia :~ Lennox, Gibbe and Gibbs, (1945).

have published data suggesting that the cortical dysrhythnia undere /

lying the epileptic diathesis is inherited as a Mendelian dominant

factors Although in jater publications of these investigators, the

Mendelian dominant theory is not supported nevertheless the idea of

an inherited cortical aysrhythmia merits. further investigetione

Genetic Factors te thie ie the main aspect of the project and when

sufficient data have been collected, the question regarding the im»

portance of heredity in idiopathic epilepsy will be answored for if -

‘ a) the frequency of seizures is statistically higher in the idiow

pathic than in the control group, then genetic factors ere involved

if however, b) the frequency of seizures is not significantly dife -

ferent in the two groups then it must be concluded that epilepsy

involvede

fo. analyse the data here the standerd sibship genetic formulae

(Weilnberg,Fisher, Hogben, Haldane, and others} will be used as it

becomes necessary The Sequential Analysis method, »y comparing

8180 9914137



Document disclosed under the Access to Information Act

Document divulgué en vertu de la Loi sur faccés a Hinformation

under consideration as a possible analytical tool; however at the

“prosent time there are too few individuals in each category to attempt.

guch an analysiss

INDIGATIONS FROM WORK SOYAR - oe a oo

At the present time it appears that a horeditery Factor (or | | |

factors) in the etiology of *iasdpathie” epilepsy is indicated for : | L-

1) the incidence of seizures among the parents: and siblings of - .

idiopathic probands. is 3.4 times as high as in the control BLOUD |

(statistically significant at the. 5h evel) and 2) the incidence of

EEG abnormalities ‘in the parents and siblings’ of: A4aiopathic probands |. : Co :

is 2 202 times as high as in the control group - (not stabi¢ stically significant)s

REFERENGTS .

le Alstrom, Cee A. study of opilepay in its clinical and social ;

and senetic aspects “hota Paychiats of Nowrols Supps 63: Qu 28Ly

1950, | a

ae lennox, Wee, Gibbs, HeLe, and Gibbs, Pehe The. br rainewave e pattorn,
anh hereditary trait. Jour. Heredity 36% 233-243, 191,56

Be Lennox, ade The: heredity” of epilepsy as told by relatives end

twinse Tour. Aner, ‘Mea. Asuoce 16 529-536, 19518 a -

Aa Steinbers, ACs Book reviews. Aner. Jour. Humes Gene 32 79-81, 195 , .
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STUDY OF GENIPICS GF EPILEPSY » “
Ve- a a

. . ‘ 4 bf

PURPOSE , } iC

in view of ebuolicbing roports regarding the importance of
heredity in epilepsy,’ the applicants have begun an investigetion in

order to prove whether or not the parents and siblings of potients

(from The Children's Memorial Hospitel) with "idiopathic" epilepay

are more Likely to huve convulsive disorders and/or eortital dise

raythmias than the immediate relatives of patients with no history

of convaisioas and whose electroencephelogrems sre normale

/
PREVIOUS JORK

Throughout the history of epilepsy various investigators

have sussested that the frequency of convulsive disorders among the

relatives of epileptica cay be several times hisher than among the

relatives of non-epileptics. The earlier estimates were based mainly on -

the presence or absenee of a positive family history, and often without

reaard to the geretic relationship of the affected individuals to the

probands Conseguently, because of the wide distribution of the epileptic

symptom-complex throughout the population, reports of eighty percent or

more of positive family histories were not uncommon, It was not until

comparatively recent years that the statistical approach has been employed

uging the purentesibling and twin study mthodse

The chief contribution in support of an hereditary factor in the

eticlosy of epilepsy has been saade by Lennox (1951) who analyzed the medical

histories of 20,900 near relatives 1e6. the parents, siblings, and children

of over 4,000 epilepticse. He found the overall incidenee of epilepsy in this
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group to be 6-7 times hisher then in a control groupe When he divided

the sroup into those with and those without antacedant brain dimage, the

incidence of epilepsy was twice a5 ereat in the group without brain

damace, but the frequency of both groups vemuined significantly higher than

the frequescy in the control groupe ,

Lonnox's evidence for a hereditnry predisposition ta epilepsy

is supported further by hie studies on 122 peirs of twins, for of the 69

nonozygotic twins 6iy were concordant (i.a. both had epilepsy), whereas

of the 53 dizygotic twins only 9% were concordant.

Recently, Alatrom (1950), a Swedish investigator, has challenged

the “evidence” for a hereditary factor in the etiology of epilepsy, reporting

that the overall jacidence oi 1.5% which be found omong the near relatives

of sane 900 epileptics Was HOt significantly higher than the frecuency of

epileusy in the same control group used, by Lennox. Furthermore, when Alstrom.

divided his eplleptieos inte whree distinct Hroups, nenaly, those #ith unkuown,

these with probably, and those with known eblology, he found no significeut

ditference in the incidency of epilepsy in the near relatives of these three

BLOupS e |

the achisnm between these tyvo diametrically opposite points of

view becomes event move pronuunced when it is considered thet che mussive and -

painstakingly collected Gata of buth these investigators is subject ta end

has received considerable criticiam. For exanple, some of Lennox'ts mueterial

may heve been pleased by the fact that about one-third ef his index cases

were referred te him by other neurologists wie knew that he was’ interested on

familial cased. it is our opinlon and experience that auch a procedure la

more Likely to itnelude cases with a positive Family history ‘than aporadic

cases, thus causing the incidence of epilepsy in the relatives of the index

001140
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- gages to appear unduly nigh. The ‘ued Gate solleated by ‘Lennox may

‘also ba biased, since, the proportion of monozygotic to diz ygotic paira

far exeeeds the A: 2 Patio. shiek 1B ‘found in & worm population. Unless

epilepsy ocqurs nore froquently tu monowgotie thea in dizygotic ‘buing

“8 supposition not supported by other twin ‘series = then Lonnox's excens

of nonowygotice would suggest that the ‘twine were, not selected on the sole

paste that one of the pair ‘had epilepsy. “Phenever twin pairs are selected

- by: eriteria other than that one of the puir has epilepsy then it becomes -

highly probable thet concordant pairs would be aclected more frequently

. then discordant pairs.

he” incidency of opilopey in ‘the! "control" poyudetion ased by

Lennox Was based on the, portion of érafteos’ (0.55%) in the United states

“‘pejooted | pocauge of epilepey_ during World Var de Couparing bhe incidence a

of epilepsy in the hear relatives of the index cases with thie control .

‘group 1a not: justified for no account is taken ef. the “Ee aistribition end

of other 4i sainilarities. which make the to gvoups nou comparable.

With | royerd to Als siroata methods, steinberg (2952) neg pointed

out ‘that biases of & different nurture may have cedunred in his selection of |

index cases. More dniportant, Steinberg has shown thet in Aletronte data

the. incidence ot epilepsy in the, etbLings of index éases.is higher. if one

parent is affected, shen if both parents are normal; a Tact not. pointed out

oF Adetiron but whieh nevertheless sug, greats thet genetic factors may be in

operation.

‘Although ‘there Wags no “significant aitforence between: “Alatron's

thres groups of epileplics, nevertheless the figures (1.7, 1.2% and Led
~, :
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for unknowns probable and known etiology respectively) are in the

same direction us Lennex’s. Unfortunetely, Alstrom, like Lennoz,

has no adequate control group.

PROPOSED RESHARCEH

in view of the two diametrically conflicting opinions re=

a
'

garding the role of heredity a8 an stiolegical fector in convulsive

disorders, Dr. J. Preston Robb, Negistrer of the Yonbtreal Neurological

Institute and Director of Neurology of the Childrentgy Memorial Hospital,

suggeated to Dr. Clarke Fraser, who is the Director of the Department of

Medical Genetics, at the some hospital, thot it might be possible to

organize an independent group te reinveetigate the question of heredity

in epliepsy. {All research activities of the latter hospital cepartment

are the responsibility of the Department of Genetics at McGill, and under

the supervision of its Chairman.) The progrem of investigation outlined

‘below was then initiated.

1. selection of Fpilepsie Probands. It was felt [rom an examination

of ooth Lennoxz's and Alstrom’s studies thet if a heroditary factor is

involved in the preductioa vf epilepsy, then the group in which this Sector

is nost likely to be demonstrated is in the so-called “idiopathia”TM or

_ “eryptogenie" type. Consequently, tt was proposed that the investigation

begin with probands fron the Neurology Gervice of the Children's Memorial

bospital whe

{a}

(b)

(e)

etS -

have @ history of recurrent petit mal and/or grand mal seizures;

have no obvious neuropathology; and

whose electroencephalogran pattern is of the paroxysmal bilaterally

synchronous 3/second spike and wave type.

001142



‘
Document disclosed under the Access to Information Act

Document divulgué en vertu.de la Loi sur Vaccés 4 linformation

The medical records of all petients who come to the Heurology Service

‘with a history of convutstons are: examined and if, there 4a no obvious

neuropathology to. account ‘for the seizired and if the BEG pattern is of

- the 3/0006 spiko and wave type, then the patient becomes an index case

and family studies, .as ‘outlined below are -undertokens Obtaining epileptic
‘probands by these specific and objective éritveria, and then investigating

their families was considered the most effieient and quickest way to arrive ©

et ‘an answer to the queution of whether epilepsy and/or cortical dysthythmia

are ‘abnormally frequent in the ‘volatives of patients with ® Clearly defined
type of epilepsys.

. De geléction of Control Probanise Selecting an adequate control group

to compare with the idiopathic group is a difficult task bat. alsa of paras

mount importance in interpreting the data callecteds The epileptic and —

-eontrol probands must be as comparable aS possible (re “ge, birth order, nuaber

of siblings, age and racial origin of parents, economic statua, Slide etee) in

order to control the experiment end get rid of variable feotors ‘obhey than those

to. be studied, For ‘this reason ‘the control probands are arawn at random from

| the sane hospital population to wash thea epilepbies belongs The modioal

‘recerd of every fifth admission is examined and it chore | ig no history of

““gonvulsions and if the patient is not in the Infant Ward (E6G"s are difficult

0 @u on ihfanta): the: chila becomes a potential control proband. An HEG is

ordered (providing or course, that the child's illness io not neuropatholegical).

and if the pattern is found to be within normal Limits, the patient is accepted .

as a control proband. (Potential probands who have no niatory, of seizures and -

no neuropathology: but whose electrooncephalogran is not within the normal

| Limits are not accepted in the present control @QKOUD, - but. will be used later

in the projectad stndys), .
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3, FKomilyestudies. When a suitable proband is found, both idiopathic

or control, a family and medical history is teken by interviewing the father

und mother. In the family history information 1s obteined about the (1)

erandperents, (I) the paternal and maternal uncles and aunts, (III) the

pabernel and metornal cousins, and (IV) the siblings and nieces and nephevs

of tho probands.

A dotailed study ineluding a neurological examination and electro-

encophtlogrsphic study of the psrents and all available siblings is made.

fn effort is ande to substantiate all reporis of history of convulsive dis-

orders by writing to tho hospitals or physicians concerned.

4 48 to be noted that the same procedures are undertsken with thees

tamily of epileptics as with the fanily of non-epileptic hospiial patients,

. nO .

and that there arc biases of solectione

4. Pasyohiatric studies. ‘The Psychiatry Departaant under the direetion

of Dr. Taylor Statten, is conducting psycnonetric studies on both the epileptic
help to

and control probands. This vortion ef thea investigation will answer the

question of whothor epileptics of the idivpethic type suffer any menbal

deterioration.

5, EG studies. ‘he electroencephalorsraphie tracings are rend by

Dr. H. H. Jasper, Profeasor of Uxperimentel Neurology, Uonvresal Neurological

Inatitute, without any previous knowledge as to the patilent’s family or

neurologi¢ul history.

ORR DONE BEFORE GRANT WAS -GBPATNOD

Before this grant was obtained, Dr. F, G. Fraser attended the

epilepsy clinie of the Montreal Veurological Institute and collected & number

of pedigrees of epileptic petients. This wae done in order to get un idea

or tha problems involved in a@ study such as the one whieh eventually was undere
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taken. Although pedigrees collected only by intorvies or @ single family

member are unrolisble for: genetic analysis of disoasea as capricious ag epilepsy,

the experience gained Waa most helpful in desig ening the prasent prozram in

such a. way as to avoid gone of the pitfalls int50 which previous workers have

fallen. 7

‘Dr. Je D,. Hetrakos located and studied sight pairs of twins where

at least one somber has spilepsy. The sygosity and concordance or diseordanee

- of these twins have boen adequately eubablished. . Dr. Motrakos is continuing

to investigate eli twins that eome into the Idiopathic or control series

outlined above.

RESULTS

A progress report for April to the and of Septesber 1952 has been

- gubmitted sepaxately. Portions of this report are rapeated here with gone

additional notes.

1.. History of seizures in Perents and Siblings. Yable { shows the

relative frequuney of seizures in the prvents and siblings of twenty-eight

idiopathie and ning control families. An in@ividuel is classified ab affected

iP his seizures are not abtriouted to metabolic disorders, ‘nyateria, syncope

or carotid sinua syndrons. Individuals with vague and unsabatantinted bistery

of seigures are onitted. fron this anBlLysis.

~ TAWLE I -

Frequency of Seizures. ln Parents and Siblings.

mrpamze | common | P-
: — ° toed:

Parents 168 (9/56) 6% (1/18) 2.29 > 30~ 020 her" F -

Siblings 1é (11/59) | 48 (1/24) |. 2.89 210=.05.| 1 /

Noted ate (20/215) | 5% (2/42) | 4.07 | 205-02
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In the iddopsthic group, nine (5 fathers and 4 mothers) or

16% of the perants geve a definite history of seiaures. “In the control

group only che mother or 6%-of the parents gave e substantiated history

of seigurese

~ On the basis of a ChieSquure teat (2.x 2 table) the increased

frequency of seimres among the parents and siblings of idiopathic pro-

bands over thst found among the parents and ulblings of the control pro=

bands is not significant when parenta and siblings are considercd separstelys —

However, when the purenta and viblings ere considered together the incidence |

of seiguros .in the idiopathic group (17%) is significantly higher (p = 205e 902)

than that in ¢he control group (5%)«

2e History of Seizures in Dictant Reletives, fable 2 shows the rele

ative frequency of seizures. (as obtained by interview aibh tho parents of

the proband). in the grandparents, uncles and eunts, and ccusins of the 37

probands montioned above. So far, some affected grandparents (2/106 plus 6

others with a vague history) and cousins (13/342) have been found among the

‘Frequency of Seizures in Distant Relatives _

‘rproparmic | | - coNTROL eo P .
— +.

Grandparents 109% (2/106} | 000%.(0/36) | «- ee

Uncles and fants 302% (8/249) -LL.0% (9/82) 1263 e01~.001

- Cousins 3086 (13/342) | 000% (0/91) | = .

otal | | BoB (23/697) | 403% (9/209) | 0048 | 050—030
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{diopathie group but not among the control group. Because the -

"Affected-Control” class in these tno groups is zero, the standard
o

asquare test is not valid, but it seems obvious that the differences

the froquency of seizures in the uncles and eunts of the

control group (11.0%) ig significantly higher (p = .01=.001) than in

the idiopathic group (302%)e ‘This entire aifference was broyght about

by the fact that in one of the nine control families, seven out of the .

nine maternal uncles and sunts prasented a definite history of seizures,

‘However, even with this family included, the relative frequency ‘of seizures

in the idiopathic (33%) and control group (423%) is not significantly

different (p * 50=.30) when the three groups of relatives are considered

togethers |

3e BUG Abnormalities in Parents and Siblings. Table 3 shows the

relative frequency of EEG abnormalities found among the parents and

siblings of the idiopathic and control families. Borderline normals and

borderline abnormals were not included in this analysis. Yar too few

EEG *s of the control group have been done to date and eonsequently the

two groups cannot be compared adequatelye However, it is of interest to

note at this time the high frequency (55%). of El¢ abnormalities exhibited

by the siblings of idiopathic probands. {As the four control siblings

that were tested were all normal, the standard Yesquare gest was not done.)

When the parents and siblings are considered together, the frequency of

FOG abnormalitios in tho idiopathic croup (31%) is 2.2 times as high as in

the control group (14%); however, this difference is not a atatisbically

Significant one (p ® 050*e30)e
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e TABLE 3 #

Frequency of REG Abnormalities in Parents and Siblings

IDIOPATHIC CONTROL x? P

Parents 16% (5/32) : 33% (1/3) Oe61 050= 030

Siblings 55% (11/20) 0% (0/4) - *

Tova 31s (16/52) 146 (1/7) ] 0082 o30~ 030

PROPOSED ANALYSIS OF POSURE BATA

&t the present time the data collected are too few Yor suitable

‘breakdown and statistical analysis. Percentages and a simple 5 test wore

used above on pooled eute in ordor to see what teends if any, are indicatede

When more data x collected the Yollowing breakdowns and analyses will be

done in order to answer questions relative to te

L) Sex Distribution t= male and female probands, fathers and mothers,

brothers and sisters, ete., will be considered separatoly in order

to determine whether there is any difference in the sex distribution

of epilepsy and whether or not there are any sex-linked factors

involved.

2) Family Size and Birth order tw the mean fanily size and the birth

order of the conbrol and idiopathic probands will be compared din

order to see if birtherank is en important envirenvental factor

in preducing epilepsy.

3) Antenatal, Hatal ané Neonutal Histories ze detailed information

is being collected on the antenatal, natal and neonatal histories

001148



4)

5)

6)

Document disclosed under the Access to Information Act

Document divulgué en vertu de la Loi sur l'accés 4 linformation

® oan @

of all provants and their siblings. This data widl be

analysed and the saiopathic and control groups compared in

order ta sea if there are any significant antenatal, natal

or neonatal factors. | |

Paychometric Testing se both the idiopathic and eontrol probands

are bosted bythe Paychiatry Department and their Inteliigencs,

Social ‘end Tote quotients ara obtained. A compar ivon between

the two groups will contribute some information on the question

of whether any mental deterioration or whether any behaviour

problems accompany epilepsy in childrene

Heredity of Cortical Dysrhythmia se Lennox, Gibbs and Gibbs, (1945)

have published data suggesting that the cortical dysrhythmia ander-

lying the. spileptice diathesis is inherited as a Mendelian dominant

factore Although in later publications of these investigators, the
= mln

Mendo2ian. dominant ‘theory is not. supported nevertheless the idea of

an inherited cortical ayarhy thmte nerits further investigations

Genetic Factors te this is “the main aspect or the project and when

sufficient data have heen collected, the question regarding the ime

portance of heredity dn idiopathic epilepsy wild ‘be answered for if

a) the. frequency of sotimzes is statistically higher in the idioe

pathic then in ‘the. contYol group, then genetic factes are involved 5

ar however, b) the frequency oF seizures is not. significantly dife

ferent in tho tuo groups then it mast be concluded ‘that epilepsy

affects individuals at random and that no hereditary factors are

involved

Yo anrlyse the data here the standard aibship genetic formlae

(Weinberg, Fisher, Hogben, Haldene, and others) will be used as it

becomes: necessary. “The Sequontial Anelyets method ,:, comparing | |

paired individuals fron the iddopathic and control Groups, is 4180 001149
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_ ander consideration as & possible. analytical tool; however at the

present tine there ara 400 faw individuals in each category to attempt |

suck an analysiss

INDICATIONS FROM SORK sa Har

At the provent wime Le appears that 8 horeditary factor (or -

Pactora} in the etiology of "idlopathia® epileps ty is indicated Por 3

1) the incidence of seimres eriong the perents ahd siblings of

idiopathic probands is 3.4 times as. high ag jn the control Eroupy

(statistically significant ab the 5% Yovel)s end 2) the incidence of |

eRG abnormalities in the parents and siblings of Léfopathic.probends

is 2.2 times as high as in the contral wBroup {rot stabistically sighificant)e
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Project No» 604-5425 = Study of Genetics of EpilepsyReport for April to the end of September 1952 Aes inn #
} 5

(A) ACTIVITIES:

The first month of this study was devoted mainly to

organizational problems. There were consultations with the

Department of Electroencephalography, Radiology, Neurology and .

Psychiatry, in order to coordinate the various aspects of the .

investigation. Up until the end of September the following

activities have been conducted: -

le

as

Medical Genetics:

(a)

(b)

(c)

Family historiess Forty-eight families have been

interviewed and a medical history has been obtained

on the siblings of the proband, his parents and grand»

parents, his maternal and paternal uncles and aunts,

and on his maternal and paternal cousinse

Physical examinations; One hundred and thirty=two

physical examinations have been carried out; fifty

eight on probands, thirty-eight on parents and thirty~

six on siblings:

Analysis of data: The data are tabulated daily as they

are collected and an analysis made whenever required.

A preliminary report was presented to the American

Human Genetics Society at Cornell University, Ithaca,

New Yorks This report (brought up to-date) is

summarized in section Be

Hlectroencephalography: One hundred and twenty-four EEGts

32

he

have been done on probands and on parents and siblings of

probands »

Idiopathic and control probands 38

Individuals unsuitable ds probands 18

Parents and siblings of probands 63

Repeated EHGts , 5

lek

Psychiatry: Forty-nine psychometrics (Intelligence and Social

quotients) have been done; forty«five on probands, and four on

twin siblings of prebandss

Radiology: Thirtyesix skull X-rays have been done,

hi ct

oh
aie Continued sacocecore
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Summary of above activities:

Fomily histories 48

Physical examinations 132

Preliminary reports 1

Electroencephalograns 124

Psychometrics 49

Skull X-rays 36

(B) ANALYSIS OF DATAs

(a) History of seizures: Table 1 shows the relative

frequency of seizures (not attributed to metabolic

disorders, syncope or carotid sinus syndrome) that
was found in twenty-eight idiopathic and nine suit~

able control families.

TABIE 1

SEIZURES

Idiopathic * Control <

Parents 166 (9/56) 66 (1fia) 3/5¢

Siblings 18% (11/59) Ae (1f2u) %/¥é

Total 17% (20/115) 5% (2/42)

(b) Electroencephalographic abnormalities: Table 2

shows the relative frequency of EHG abnormalities

(borderline abnormalities are not included) found

in the parents and siblings tested so far in the

twenty-eight idiopathic and nine control families

mentioned aboves

TABLE 2

ELECTROENCEPHALOGRAMS

Idiopathic Control

Parents 16% (5/32) 33% (1/3)

Siblings 55% (11/20) 0% (0/4)

Total 31% (16/52) Uh (1/7)

001152
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At the present time the numbers are too small to

arrive at any definite conclusions, however, certain trends ©

are indicated because:

(a)

(bo)

(ce)

16% of the parents of idiopathic probands have

definite histories of seizures as compared with

6% of parents of control probands;

18% of the siblings of idiopathic probands have
definite, substantiated histories of seizures as

compared with 4% of siblings of control probands};

55% of the siblings of idiopathic probands show
electroencephalographic abnormalities. (Too few

EEG's have been done on parents and siblings of con~

trol probands; and therefore, the percent abnor»

malities found in the idiopathic group cannot be

adequately compared).

At the present time, therefore, it appears that a hereditary

factor in the etiology of “idiopathic” epilepsy is indicated

fors 1) the incidence of seizures among the parents and

Siblings of idiopathic probands is at least three times as

high as in the control group; and 2) the incidence of

electroencephalographic abnormalities in the parents and

siblings of idiopathic probands is at least two times as high

as in the control groups :

Respectfully submitted,

He F FROCCHCHHTEDHO TD CORO SDH OOHAM* © at

Katherine Metrakos, MeDe

eo © SAM eSPovassaevecseevesoroeeg*s > &

Julius D. Metrakos, PheDs
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(A) ACTIVITIES: -

"1, Medical Genetica’

Be Psychiatry: Fortyenine o vekanotitice (Intelligence: and Social
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"Project Nos 60405625 = Study of Genetics of Epilepsy
Report for April to the end. of September 1952

The first month of this study was: devoted: mainly to- an :
. organizetional: problems. There were consultations with the Se
Department of Electroencephalography, Radiology, Neurology and

- Psychiatry, in order to coordinate the various aspects of. the
‘investigation. Up until the end of September the | Following.
. activities have been conducted:. -

ar)

~ (a) Fomily histories: Forty-eight families have been:
: - interviewed and a medical history has been. obtained owe

- on the siblings of the proband, his parents and grand~ |.

- parents, his maternal and paternal uncles and aunts,

and on his maternal and paternal cousings -

(bd) Physical examinations: One hundrea and thirty-two °
: . physical examinations have been carried out; Pitty. :

. eight on prebands, thirty-elent | on parents and ‘thirty=

_ eix on aiblingse .

(c) “Analysis of datas The data-are tabulated ‘daily as they
“are collected and an analysis made whenever required.

A preliminary report was presented to the American -
‘Human Genetics Society at. Cornell University, Ithaca,

’ New Yorks ‘This -report (brought: ‘up to-date) is
summarized. in section Be

2e - Blootrocheéphalogrephys One hundred: and twenty-four HEC's :
"have been done on probands - end on perents § and siblings of

‘probands a Se 4 . «

“ Taiopathic and control probands: oe 38.
Individuals unsuitable ds probands’ 18

-Parents and siblings: of probands "* 63
Repeated EUGts

12k

quotients) have been done; forty-five ¢ on probands, “and four on —
twin Siblings of probandse- - ok

. 4s Raddology +” Thirty-six skull Xerays havebeen done. - . pa
4
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Summary of above activities:

Femily histories

” Physical examinations
’ Preliminary reports

Electroencephalograms

' Psychometrics

Skull X-rays

(B) ANALYSTS oF ;DATA:
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(£8) History of seizures: Table 1 shows the relative
frequency of seimures (not attributed to metabolic

disorders, syncope or carotid sinus syndrone ) that .
was found in twenty-eight idiopathic and nine suite.

able control famijiese

TABIE. 2

— SEIZURES

Idiopathic _}_ Control

Parents - | 16% (9/56) 6% (1/28)

. “siblings” #741 dee (12/59). | Age (1/24): |
“Potel | 17% (20/115) 5% (2/42) yp ele

-(b) #lectroencephalographic abnormalities: Table 2

shows the relative frequency of EH abnormalities

(borderline abnormalities are not included) found

in the parents and siblings tested so far in the.

twenty-eight idiopathic and nine control families

mentioned abovee

" WTECTRONNCEPHALOGRANS
Idiopathic Control

Parento seh | 66 (5/32) 33% (2/3)

Siblings | a de 55% (12/20) 0% (0/44

Motel 30] “aug (16/52). we (2/7) -

Continued ee cscnene
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(c) CONSLUSTONS: . .
. - At the present time the numbers are too amall to

. arrive at any ‘definite conclusions, . however, certain trenda
are indicated because?

(a) 16m of the parents of idiopathic probands have
efinite histories of seizures as compared with.

6a of parents of control probands 5 |

-\Y

(b) 184 of the siblings of idiopathic probands have
definite, substantiated histories of seizures as

compared with 4% of. siblings of control probands;

-(¢) 55% of the siblings of idiopathic probands show
electroencephalographic abnormalities. (Too few

‘ERG's have been done.on parents and siblings of con=

trol probands; and therefore, the percent abnore

malities found in the idiopathic group eannot be
adequately compared).

At the present time, therefore, it appears that a hereditary
factor in the etiology of "4ajopathic" epilepsy is indicated
for: -1) the incidence of seizures among the. parents and

siblings of idiopathic probands is. at least three times as —

high as in the control group; and 2) the incidence of

-@lectroencephalographic abnormalities in the parents and

. Siblings of idiopathic probands is at least two tines as high

as in the control groupe

Respectfully submitted,

COSHH REO eEHO HO CEO HOES eEOE

Katherine Metrakos, MeDs

Julius D. Metrakos, FheDe
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From: Mental Heelth Division | ts Feb. 6/52

4, study of Genetics of Epilepsy (MeGL11 University) >
Quebec Project: Technical Evaluetion.

A Progress Report received on this project has been reviewed
by competent appraisers and considered by the Subcommittee on Reseerch..
This project appears to be of value in the montel health field but epilepsy
has already hed considerable investigation in respect to the heredity
factor. Even if the present study were to solve the problems referred to
by the investigators it is doubtful thet this would have applied clinical
significance, Theré is, however, a great need for gsnetic work in the
field of psychiatry and as there are very few genéticists in the country

end as it is necessary for these ganéticlsts to become familiar with the

field of psychiatry it would probably be helpful for thom to start this

project with the hope that they would later be able to study psychiatric
problems of much graator significance, The following comments are made

on thelr submission: It is possible that the study as outlined by the

grantee will have the same defests as the studies which they have discussed

in their submission, It is suggested that they should use the following
, procedure: (1) Sample at random children in tne specified age~group living

in Montreal; (2) classify the children sampled as epileptic or noneepileptic;

(3) gub-gemple at random the non-epLleptics at & sampling rate that will
produce @ group approximately equal in sige to the eplleptic group; (4)

examine tho relatives of the apileptic and noneeplleptic groups in accordance

‘with the stipulated procedure,

It will also be necessary for the plan of analysis of data
to be Clearly outlined so that 1t will be possible to estimate the emount

of data which must be collected,

In this typo of project it appears that the statistical
analysis of data is at least as important as the collection of the medical

data and 1% is recommended that the grantees should intimately involve a4

_ qualified statistician in the Department.of Mathematics (eegey Dre Re A.

Bradley) of McGill University. Provided that those matters sre brought
to the attention of the grantees the Committee: recommends thet this ~
project be approved. .

Ge As Roberta, MD. .
‘CAR/KM
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A STUDY OF GH GEXRVICS OF EPILEPSY, S05 a ce

Children's Memorial Hospital and MeGi11 University, Montreal.

Purpose. To decide whether or not the immediate relatives of patients

with “idiopathic” epilepsy are more likely to have epilepsy or cortical

dyerhythmias than the immediate relatives of persons without epllepsy

or cortical dysrhythmia chosen from an otherwise comparable population, |

teavious work.

Yor many years Lennox (4) has beon the outstanding authority

on the inheritance of epllessy. His results show a higher « than -

normal incidence of epilepsy in the relatives of epileptics, that this excess

ie greatest in the families of patients with “idiopathic” epilepsy, but

is still significantly greater than norm in the families of patients

with “symptomatic” epilepsy. Hie figures are based on a very large

number of patients, and his estimate of the incidence of epilepsy in the

‘normal’ population is baged on the figures of the U.S. dreft in 1917 and

1942, This evidence for a hereditary predisposition to epilepsy is

supported by studies on 122 twin pairs in which it is shown that the

eoncordante rate for mono“ygotie paixre is higher than that for dizygotic

pairs,

Unfortunately Lemox's data are open to some eriticiem, About

one third of his patients were referred to him by other neurologists, who

ienew he was interested in “familial” cases, This procedure is very

liable to bias the data, since it is our experience that cases with a

001158
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positive family history ere much more likely to be referred than =

‘sporadic’ cases, Thue the incidence of epilepsy in the relatives

of the index cases is liable to appear unduly high, ‘The picture is

further confused by some uncertainty as to the eriteria by which a

diagnosis of epilepsy can be made, The twin data may also be biassed,

since the proportion of monozygotic to dizygotic pairs is far higher

then that which cceurs in the normal population, This suggeste that

the twins were selected by some criterion other than that one of the

pair had epllepsy. If so, it is possible that concordant pairs my have been

more likely to be selected than discordant pairs, Furthermore, the

data can be criticized because they did not take inte account the age

distribution of the relatives, and singe the incidence of epilepsy

varies with age it is not fair to compare the incidence in relatives of

eplleptics with the U.5, draft figure, based on persona with a different

age distribution,

Lennox has aleo published data suggesting that the cortical

dyerhythmia underlying the epileptic diathesis is inherited as a

Mendelian daninant factor, Although his later publications do not fit

his theory as well es the earlier ones did, the idea of an inherited

cortical dysrhythmia seems sufficiently well substantiated to merit

further investigation,

Recently Alstrom (1) has challenged Lennox's position by

publishing data, based on @ large number of Swedish patients, purporting

to show that the incidence of epilepsy is the same in the relatives of

001159
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persone with “idiopathic” epilepsy, with “symptomatic” epilepsy, or

with no epilepsy at all, ‘hic view, if true, would necessitate a

major reorientation of medical thought on this subject, However, it

seems that there are some possible weaknesses to this study as well,

Steinberg (5) hae pointed out that some bias may have occurred due to

the fact that not all the patients originally selected as index cases

were followed up, ‘This, in our opinion, does not constitute as great

@ bias as that in Lem@e’s series, but my be important, nevertheless,

Furthermore it has been shows (ibid) that the incidence of epilepsy in

the sibe of index cases ie higher if one parent is epileptic than if

both parents are normaly a fact not pointed out by Alstrom, and suggesting

that genetic factors do play a part in the eticlogy of whieh

The existence of two directly conflicting opinions, both

supported by maseive data, on a subject of such great medical importance,

renders it de@irable to have the question reinvestigated by an independent

group. In Montreal there existe a world-renowned neurclogical centre,

a children's hospital treating a large group of eplleptices and a medical

geneticist, Such a fortunate combination of clrownstances provides a

unique opportunity for us to contribute to the understanding of the

genetics of epilepsy.

1. Selection of wrobenis, It is proposed to begin our investigation

by choosing for probands patients with recurrent petit mal or grand mal

seizures and the spike-wave B 2 G pattern characteristic of “idiopathic”

epilepsy, with no obvious neuropathology, This is tho group most widely

accepted as showing a hereditary tendency, and it is felt that chooring
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probands by these specific and objective eriteria is tho wsteffieient

ani quickest way to get a positive anewer to the question of whether

epilepsy and/or cortical dysrhythaia are abnormally frequent in the

relatives of patients with “idiopathic” epilepsy, An adequate group ( Sample

of such patients is available at the Neurology Clinic of the Children’s ( |

Memorial Hospital.

2. Eqmily-ctudy. All the available siblings and both parents of each

probond will be visited, and data will be sollected on the medical

history relevant to seizures, migraine and allergy, In addition an BE G

will be done on each member of the family (ae defined above) using

hyperventilation and photic stimlation, Psychometric tests will be

done on all epileptics and individuals showing cortical dysrhythnias,

Other observations will alse be recorded relative to physical characteristics

such as body build, hair color and eyecolor, to look for possible

constitutional factors related to the “epileptic diathesic’,

3. Gontrols, ‘The same procedures will be undertaken with the relatives

of a group of non-epileptic hospital patients without cortical dysrhythmias,

of a similar age group. This is the most difficult, but also the most

eritical way to control the experiment and gets rid of the age-distribution

difficulty, |

4 Results. Let us assume that the E EB G set-up could handle 600 B 2 G's

in two yeare for this project. If these were equally distributed among the

epileptic and control families, and allowing 6 members per family thie

would mean 60 families for each group in two years, “With thie number,
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the following results could be obtained,

a Lennox’s theory of the inheritance of cortical

dysrhythmia could be checked, [If the control

incidence is 10%, and the incidence in sibs of

epilepticcsapproaches 50%, and the incidence in at

least ore parent avproaches 100% ae Lennox claims,

a group this size could positively support or deny

this claim,

b, If the control incidence of seizures is 0.5%

and the incidence in the sibs of epileptice is 5%,

one would expect to find in the above group 1 or 2

~~ e@plleptics (60 x 4x 0.5%) An the families of the

controls, and 12 epileptics (60 x 4 x 9%) in the

families of the epileptics. Although this is an

inadequate number for proving anything about the

inheritance of seizures, it should give a good

indication of how a larger series would turn out,

@. Any well defined camstitutional differences

between epilepties and otherwise comparable non-

@pileptics should be detectable in the estimated /

sample, .

It is estimated, therefore, that certain positive results

could be obtained in two years of study, but that it would probably

take about five years, with the existing facilities, to answer
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completely the question asked, if the results of our study and

circumstances are favorable, the programe might be expanded to

include other types of epilepsy and other age~groupsa,

S. Persomnol. J» Proston Robby H,D.y Colley MeSGey Director

of the Department of Neurology of the Snildren's Memorial Hospital,

Registrar, Montresl Neurological Institute and Director of Neurology

at the Queen “ery Yeterane Hospital will supervise the neurological

aspects of the work,

¥. Clarke Fraser, PleD., U.D,, Director of the Department

of Medical Genetics of the Children's Mewoerial Hospital and McGill

University, and Assistant Professor, Department of Genetics at Medill,

will supervise the genetic aspects of the wrk,

Katherine Metrakos, M,D,, is working as a Research Fellow

on the programme and will undertake the main responsibility for

contacting and examining patients and coordinating the activities of

the neurology clinic, B BG department and psychology department, She

will handle some of the medical aspecte of the cases, prescribing

medications, ete.

Juliue Motrakos, Ph,D., who is studying the occurrence of

various diseases in twine will investigate any twine dlacovered during

the study, end will assist Dr, Ketherine Metrakos with the genetic

aspects of her work,

K, Tukely MeD., Supervisor of the E EB G department,

Children’s Memorial Hospital, will undertake the recording and

001163
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interpreting of the BE Gta,

% York already done,

Dr. *raser has attended the epilepsy olinie of the

Montreal Neurological Institute regularly during the past yeer,

and has collected a number of pedigrees of epileptic patients, This

was done in order to get an idea of what problems may be encountered

in ea study such as the one proposed here, Although pedigrees

collected only by interview of a single fomily member are unreliable

for genetic analysis of diseases as capricious as this, the experience

gained my be helpful in designing the present program in such s way

as to avold some of the pitfalle which previous workers have fallen

into.

Dr, J. Mstrakoe has already losated and is studying 8

eplleptic twins, and hopes to obtain more cases during the proposed

study, All adequately studied cases of twins selected because at

least one of them ia epileptic are of great value in assessing the

role of heredity in the etiology of epilepsy.

Dr, K,. Metrakoes has surveyed the records of the Children's

Memorial Hospital, has found fifty cases of convulsions which comply

with the criteria outlined above, and has begun taking the Family

Histories of some of those cases,
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