Tn the first place, it has been said that there isa
genetic susceptibility to seirures, If oneexamines the
familics of the individuals who have post-traumatic
epilepsy or seizurcs in the siblings and parents, the
incidence of seizures iz not particularly higher than
in the families of individuals who have uncompli
cated head injuries. Only in the group of post-
traumatic cpileptics whe have generalised attacks,
and gencralised abnormalitics in the electrovnce-
phalogram iz there a significantly higher incidence
of epilepsy in the family, The likelihood of genctic
factors i3 real but apparently does nor play a very
gignificant role in the determination of post-tran-
matic epilopsy.

There are a number of ather important factoers,
These may be described under the general heading
of severity of injury. Tn closed head njury, that is
those cases in which Lhere is no violation af the
continuity of the duramater, the likelibood of a
geizure occuring is relatively low and corrclates
with the period of unconsciousness which accon-
panics the injury. The longer the unconsciousness
the greater the chance of epilepsy, The time of the
follow-up cxamination 13 another factor.  Inclosed
head injury within the first menth there is a relari-
vely high chance of seizures developing (L-3%), but
after that the risk of an  epilepsy devcloping is
slight. In fact, if anindividual has no evidence
clinically of ncurological impairment alter a head
injury and has a normal elestroencephalogram, anc
may say with reasonuble medical certainty that
if an atrack haz not aceurred by one month, that
individual liag no mwove chance than any one in the
gencral population of deveioping a seizure. The
prognosis after an open head injury inwhich there
hay Leen a violation ol the duramatler, iy quite
different. There j2 the same high incidence, initial-
Iy, of post-travmatic epilepsy and as I mentioned, in
the first week there are a considerable number of
patients who will develop seizures — somewhere
arpund 20-25%. Al the end of 3 months the risk
has considerably decrcased ; afecr six months it
has decreased still [urther and at the end of Lwo
years is ahout O o 109 ¢ over the nexe eight vears
thereis a diminishing lilcelihood of approximately 195
per year of the individual deveoloping a seizure,
This means that in the event of a closed head
injury, the likelihiood ol posi-traumatic epilepsy i3
very slight after the first maonth, but with an open
head injury with damage to the cortex the risk
is relatively high for two years and then it gradually
decresses.
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There are a number of other factors which will
increase the risk of post-traumatic epilepsy, One
is the logation of the injury. Wounds which
involve the poles of the Lrain—for example the
fromtal and sceipiral regions and cven the temporal
region have an overall incidence of post-traumartic
epilepsy of about 13-30%. But thosc wounds that
involve the central region have a W, risk af fits
developing, This relates to the [uct, which may be
demaonstrated experimentally, that the  epilepto-
genicity of wvarjous parts of the brainis ditferent,
It i3 relatively low in the oceoipital and [(rontal
recions and wvery high in the central region, Thus
we could expect Lthat there would be more epilepsy
with central wounds, Why don® we see more
epilepsy with temporal wounds? The reason i
that the medial portion of the temporal lobe Is not
primarily damaged, The traumatic lesions arc at
the Lip and along the lateral surface of the temporal
lube with sparing of the medial parls, ov il they
are damaged, the waound is faral.. | think thiz iz a
very important consideration (o keep in mind,

In addition to the location, the depth ol the
wound iz important, Wounds of the head that
involve the scalp earry a relatively low risk of an
spilepey developing, It varics in different series
from 2to 13%, If the wannd however involves the
duramater the incidence increases Lo the range of
2k and if it involves the brain substance—the
corlex, the incidence iz 40% or over: This merely
reflects the fact that wounds of the craniuvm do not
cause much damage to underlying  brain,
whereas when a missile or a blunt abject penctrates
the dura, the brainis cxtensively involved, Asa
secondary  factor,  infeceion  will  increase  the
likelihood of epilepsy developing,

the

Whereas in closed head injury the likelihood of
epilepsy i3 greatly incrcased by increasing length
of unconsciousness, in'open head injury, the period
ol unconsciousnesy i3 not & cood guide to the likeli-
hood of post-traumatic epilepsy. Many patients with
peneirating wounds of the brain have no losy ol con-
seiousness whatsnover, and walk in with a gaping
huls in the head, These individusls have o wery
real risk of post-traumatic epilepsy by reason of the
location ol the wound and the Fact that the brain
has boon injured.

I would like to say something about the overall
course of paticnts who do develop post-traumatic
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cpilepsy. The fact that an individual has a seizure
after a head injury does not mean that he is going
to have seizurcs for the rese of his life,  Cluite a
[ew patients will have seizures only in the first week
ar two after hiead injury and may lhiave no more
attacks: even those individuals who have seisores
six months or year after the injury have quite a
good chance of epilepsy ceasing. In fact, if we
look at a large group of patients who have post-
traumatic epilepsy and follow them up over a
period of 10 years, we find that there i3 alarge
number that have seizgures in the first ycar or so.
As time gocs on the likelihood of a major seizure
decreases, sa that afrer abowr 10 years it is anly
about 10%. The likelihood of a focal attack ocour-
ring rematas at a somewhat higher level, perhaps
around 35%,. But of this entire group, all of whom
had an attack at one time or another, there is a
larger number wha have had no attack for 2,3, 45
and 10 years. In [act, approximately onec-hall of
the patients after a period ol 3 years will be free
ol attacks irrespective of whether they are or are
not taking anticoonvulsant medication, The other
point of interest is that there is a greater tendency
for the major attacks to cease than the focal attacks,
Ilmwever, the focal attacks usually do nat render
the individuals incapable of taking care of them.
zelves. [ have patients now fallowed up for 25
years, who oceasionally have a little twitching of
the thumb which they recopnise as a manilestation
of an epilepsy, which in the early stages of their
head.wound would have spread to their arm and
face and perhaps become gencralived with loss of
conscinuaness. But the only manifestation now is
this little twitching of the thumb. Other patients
may have episodes of numhbness of the lingers
which were the initial manifestations of their pene-
rulised post-traumatic epilepsy years ago. Lhis faet
iz of considerable importance to the injured patient
whao i3 very worried about what he maybe able
Agamatter of faect, the disabi-
lity is not so much related to the accasional seizures

to do later in life,

Oine iz native intelli-
sence.  Those individuals with high T are able to
oo back fo work and function quite well even though
they lhave some attacks. Second Lhe neurological
deficit—an individual who has hemiplegia, aphasia
or hemianopsia is somewhat Incapacitated in his
But the attacks themeselves are very varely
the cause of the individual not being able to work
after the initial perind of 4 or 3 years,

as it 1% to two other Factars,

work.

i4

T would like to comment briefly npon the treat-
ment and prophylaxiz of these attacks, We nrdinarily
give phenobarbital and dilantin ence a person hag
had an attack with the idea that we are going to
prevent future attacks, The hypothesis is that this
will relieve the attacks in abour 03% of cases, 1t
has been supgested that if one gave phenobarbital
immediately alter the head injury one could decraase
the likelihood of attacks occurring. This is based
upon several premises.  One is that the anticon-
vulsant medication would pretreat the epilepsy and
cut down the likelihond of attacks hy 63%  The
second 13 by giving the anticonvulsant medication
one can prevent the development of anepileptogenic
focus ie. the firing area in the brain which pene-
rates the neuronal activity that spreads (o give rise
to the fit, We know that faci take a period of time
to develop somewhere between d and 12 months so
that if ane gave phenobarbital or dilaotin one might
prevent the maturation of the focus.  In the thivd
place by giving medication one might prevent the
likelihood of a secondary focus developing,  If we
look at the eleciroencephalograms of paticnts whao
have head injury, we fnd, in a Fairly high per-
centage of patients, spiking at rthe site of injury in
the first few months after the injury.  This, uszally
gradoally decreases and within six months most of
the spiking has subsided whether or not the paticnt
deyelops scizures. I is only a
damage to the brain.  This means thal ina certain
number of patients who have post-tranmartic corcical
spiking, by some means the neurones are able to
inhibit the development of the Tacus.

manifestation of

Moaw lot us see how one might apply this know-
ledge to the prophylactic therapy of post-traumatic
epilepsy. If one wishes to pretreat the cpilepsy, one
should give anticonvulsant medication in thera-
peutic doses, so that the level of phenobarbital or
dilantin in the blopd is the same as thar in paricnts
who are heing treated for an established epilepsy.
Hence the head injored pevsen should be given
6 mg of phenobarbital ence or twice a day or
10¥) mg. hydantion two or three timesa day. Then
the incidence curve should be lowered Lo about
13 of that otherwise. We would then have a
curve for the likelihood of sehsures following open
head injuries beginning about 5-10% and over
a period of a couple of years coming down to about
205, Todetermine the duration of medication one
might ask at what level are we willing Lo accept the
Likelihood of seisures, 2. LorO.led The cut off
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oint for this medication would then have to De
derermined,  If yon are going o acccpr a 2%
risk, you can slop your medication at 2 years and
the chances arc only 2% of the individuals will
develop subsequent seizures. 1f vou wane O.1%
you have to conltinue Lhe medication lor at least,
Toyears, may be 10 years.  On the other hand, in
the case of closed head injury in which, if seizures
are  poing Lo occur, they do so within the [irst
monch  itself, prophylactic anticonvulsant medi-
cation would only have to be given for 3 months,
In Czechoslovakia, Austria and the United States
af  America, anticonvalzant medication iz being
administered to head injured patients to test this
hypothesis.  There iz an obviowns disadvantage in
that therapemic doses may have certain undesirable
side effects such as drowsiness. However, il the
medication {3 given with the idea of preventing
the development of a braln Focus, it may be
prescribed in s much smaller dose, because the
cvidence from experimental animals i3 that the
spiking of a focus nay be lessened by a very small
ammount of antiepileptic medication, Hence instead
of giving phenobarbital 60 mg probahly 15 mg
twice a day might be adequate or 30 mg at night.
Ower a period of time ene could probably maintain
a level sufficient to inbibit the development of an
epileplogenic focus:  1F the therapy is based on the
scennd premise, the medication should be continued
for the Lime it takes for a focus to develop which
would be somewlhere shout $ix months to 2 years,
Meurosargeons for a long time have given their
hich risk cages anticonvulsunt medication. Those
are the cazes with wounds of the central resion
that have a 57% chance of developing a seizure,
Hat in the past, we did not apply this hypothesis
to closed head injuries or in a systematic way to
vpen head injuries.

Following the leeture, Dr. Walker answered
guestiong fram members of the audience :

Gp. Capt. Bajwa: LUid you comeo across any

type of psychomator epilepsy lollowing head trauma!

Mir. Walker -
psychomator epilepsy i quite uncommon, It is
generally due two damage to the medial temporal
structures which, as I mentioncd, are nat commonly
involved by the primary injury. They tend to be
involved somewhat later as a resolt of oedema, in-
tracranial hypertension and so forth, Ilence, the

Temmediately afrer head injory,
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incidence of psychomotor seizures faollowing head
injury is not very high. It is somewhere in the
vicinity of 106%,

Gp. Capt. Morty: How to exelude that the
injury itzelf is not due to the firat atrack of cpilepsy ¢

Dr. Walker : The problem is one that has been
debated a grear deal, wiz , that when an individual
has a seizure, and falls down, Is the injury which
may be sustained to the brain as a result, reaponai-
hle for continuing seigures, particularly in young
children. In individuals, lor example who have
Febrile fits, it has hcen said that the damage to the
brain which results from the enpgorgement of the
brain during the pencralised seizure iz responsible
for gmall areas of softening within the medial tem.
poral structures, because these are pushed into the
incisura as the result of a transtentorial herniation,
Ido not think we have a satisfaclory answer to this
problem at the present time, There iz no doube that
paticnts who have generalised seizures do have an
engorgement of the intracranial structures and that
there may be, if the tentorial noteh i3 fairly wide, a
transtentorial herniation with damage to the medial
temporal structures. Some lime later, and it may
take 10 or 15 years for these epileptonpenic losions
to mature, seizures may occur. Lhe period of matu-
ration of the foci in the temporal lobes is consider-
ably longer than that in the central region, that
do so within a period ol about six months to an year.
In mookeys, for example, when we pot alumina
cream in the medial temporal structures, it takes
6 to 9 montlis for electrocncephalographic changes
Lo develop and even longer for clinical manifesta-
tions, In the Same monkeys, alumina cream in
the central regions will praduce fits within six weeks,

Lt Col. Suri: There are certain problems which
again crop up in my mind, For cxample in a closed
head injury, the maximum risk is within the fipst
month. After that the chances ol scisurecs are
hardly any. 8o, does thar mean thav if ina pilot
after a month we find go change in the eleciroence-
phalopram, we can allow him to Iy 3 Or
find only mild slowing, say in the theia range
between 5-7 Hz and kiowing that he had a closed
head injury the chances of his getting scizurcs arc
hardly any especially if we do not find any other
neurological or psychiatric delicits, can we then
allow him to fly ¢

il we
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Dr. Walker: I think it depends upen what
degree of risk you are willing to accept. There is
a slight chance that seizurcs might develop after a
closed head injury. Wein the United States have
taken a wiew that pilots should be practically
perfect and if an individual had a elosed lead
injury with loss of conscigusness For a period of
time, that individual should he grounded antomati-
cally for three months, He is examined initially
and at the end of three months electroencephalo-
graphically and clinically, Tf he has no clinical
and no electrogncephalographic abnormality after
three months, he would be re-examined afrer 3ix
wonths at which time if he still Las these abnor-
malities, he will he examined at nine or Lweles
months. Se, he will have a period of approximate-
ly six months to an year or more before he can i}
back to fying duty, II in that six months his
clinical status, is perfectly normal, and, if the
electroencephalograms are normal then we wonld
accept the slight risk of post-traumatic epilepsy,
which probably s not more than one chanee in 200,
that over # perind of years he might have a seiziore

Lt. Col. Suri: How long do vou take an EEG
record ina pilot ! Do you take a sleep record and
attach importance to any asymmeiry (ound in it ¢

Br. Walker: The answer to the first quesiion
varies a little bit from center to center depending
upon the electroencephalographer. Bt in senctal,
the electroencephalographic records made in the
United States are approximately for 20 mintues
using the standard montages. We roitinely  use
sleep and we routinely use Hyperventilation and
Photicstimulation in these cases. Now, as to RSy I11-
metry in sleep, T am not fquite sure  what the
general feeling of electroencephalographers is, in
the United States. My personal impression is that,
it there iz only an asymmelry that iy not pare-
cularly siraificant.

Lt. Col. Suri: ‘L'here is one specific problem
that we face, There arc zome pilots with us for
whom we do not have a haseline EEG. When Lhey
ga from subisonic to supersonie airetafi, an EFG is
done and an abnormality is then found, Now wmy
question is while we should not let them g0 into
supersonic aireraft, can we allow them to continue
flying as they have been doing before ?

r. Walker: This is centainly a very difficult
guestion to answer., Their performance previomsly
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might have been excellent, and ver they may have
abnormalitics in their El. Again I think ‘this
is a question of what risk yvou are willing to aceept,
It has been found in a number of studies, perhaps
the best one carried out se [ar is by Sem Jacobsen
in Norway for the American Air Farce, that indivi-
duals who have an abnormal electrocnceplialogram,
when they areina plane and pull out of a rapid
dive, tend to black oul, They doso much more
frequently than individuals who have g perfectly
normal record.  Sa, if you ara willing 10 accepr a
certain risk these individuwals might he allowed 1o
fly their planes. I would say that an individual wha
has an abnormal LG should not pilot a commercial
fhight, I cthink the added visk (o the
the flisht is greater than when
perfectly normal,

passengers on
their records are

Lt. Col. Sari: I think in 1970 you told me {hat
even asingle well-documaented epilepric seizure is a
han far flying lor life and irrespeetive of the ocause,
¢.g. somebody had a bout of aleohol or was at a high
altitude when he had a fie,  Does it still hold o] ¢

Dr Walker: 1 would concur. I think the
person who is llying a plane that nat only costs
perhaps half o million dollars or more or a few
wmillion rupees, but alsn has the lives of other
people in his care, should not be permitted to Iy
il he hias had a sefzure.  Althauzh the chances are
very slight that he will have anothier seizure, there
i ariskand Ido nec think that ir should he accepted,

Dr. Mani: The time of epilepsy after a closed
head injury has been variously termed as jmme-
diate, early or late. How immed iate iy immediate,
how early isearly and what is latc? Whar are
the cut-off points

Dr. Walker: The immediate ones are those
which ocenr within a matter of [ew scconds or
few minutes of the injury, Uhe early attacks are
variously defined as those which oceur within the
first week or the [first month of the head injury
and it depands upnn the aulhor where he Puts that
cuc-oll’ point.  In the case of closed head injury 1
think you probably could use a cut-off point at
approximately one month, because you will have
all the high risk cases within that period of time,
In the case of open head injury it is not se clear
as to where Lhe cut-off point should he. For some
people, the cut-off point is at three months, There
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are some newrodogists who say that the individual
who has a seizure within that frst three-month
period does not have post-travmatic epilepsy. hey
base this upon the fact Lhat such individuals who
have an early sefzure have only a slight chanee of
developing an attack later and that these attacks
are due to the effects of trauma, lacerations, con-
tmsions, haemorrhage and oedema of Lhe brain
and once thess have been  repaired | generally
within a month or so), these Factors are no longer
eperative,  They also cantend ehat if the individual
develops an attack later, it iy mor related to (he
first one, butr {3 an independent  post-lraumatic
epilepsy. 1 think rhis is a matter of semantics
amd whether you draw  the line at 2 week, a month
or later makes little difference, The [act remains
that an individual who has an attack in this
first period has about a 30%, chance of bhaving no
more attacks but if you are a pessimist he has a
A% chance of having a fit.

Br. Mani @ Arising out of this, in clozed head
wounds, you have mentioned the period of uncon-
sciousness a3 one of the eriteria for deteriining the
severity of the head injury. What would be the
period of unconsciousness which yeu would—require
five minutes, hall an hour, belore thinking ol pro-
phylactic anticonvulsant medication *

Dr. Walker : The period of unConseiousness
wonld be one hour, I think an individual who has
only a period of 2, 3 or i minutes of unconscious-
ness has a very mild head injury and i he daes not
have an attack immediately you might almost say
before yon see him, the chances are that he won't,
If the individual is unconscivus for more than an
howur, e has a much higher risk of epilepsy.

Dr. Mani: ‘Uhat means that in the less risk
group you would not consider prophylactic anti-
convulsant drugs therapy. Am | rizhi?

Br. Walker : No, I would weigh the disadvan-
tages, viz., the side effects of anti-convulsant medi-
cativn, the costof the drug and nuriber af other
things that may make taking medicines painful to
the patient, against the risk of epilepsy. It would
turn out that those individuals with a short period
of unconsciousness would be given no medication.

Dr. Mani: What about post-traumatic amne-
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sia t Would that come in determining the RUVERIY
of head injury ¢

Dr. Walker: Post-traumatic annesia ordinarily
corresponds to the period of unconsciousness, Some
people use post-tranmaric amnesia as a criterion
because they say they can measure that better than
the period of unconsciousness,  Dut the twao are very
closely related.

Dr. Mani: If T understood correctly when you
say unconsciaunsness, you tend to include post-trau-
matic amnesia also in it,

Dr. Walker: Mo, I would net include the
period of post-traumalic aminesia as a part of the
time of unconsciousness,

Dr. Mani: What about depressed fracture of
the skull with or without dural tear !

br. Walker : The presence of any complica-
tions of a head injury increases (he likelihood of
seizures,  Skull Fractures are vne of those, How
miuch it increases depends upon a number of factors,
Cne i3 the depth of depression.  There are eases in
which the depression is only a few mm, I donht
whether that has any significance. But there are
cased where the depression is areater or close to a
vessel, so that there s an extra-dural collection of
blood and here the likelihoad of brain damage s
increased and also of seizures.  But, in general, if
there is o depressed skoll [raceure, you have to add
about 10% to the ordinary risk of post-traumatie
epilepsy,

Dy, Mani: Similarly, any ncorological deficit
would alio increase (hie risk rate!

Dr. Walker: That is right. One of the factora
is the severity of injury.

Dr. Mani: Even for a closed head injury, not
necessarily apen,

Dy, Walker: Both closed and epen.

Dr. Mari: One of our problems iz thar
most of our patients arc highly irregular in taking
their drugs, even when they have seizures. If we,
are going  to give one of these drugs as a
prophylactic medication, I very much suspect that
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they would Le at least as irregular, if not more so,
In such instances, what are the risks ol their getting
seizures because ol irregularity in medication?

Dr. Walker: Let me make a statement first amd
then T owill come back to answer your question, Tt
i3 common knowledge, that when vou are treating
pharmacologically a person with epilepsy, il vou
suddenly stop that medication, there iz a chance
that within the next few days, he will have a
seizure. Perhaps this risk is greater thun belore Le
started taking medication.  The ruestion which vou
are poding now ig, if you give prophylactic medica-
tion and you assume that you are suppressing altacks
and then the patient atops the medicaton, will you
have the withdrawal effect? Well, this depends
upen a nuwmber of factors. One, i3 the type of
medication which you are giving, The half-life of
some of the anticonvulsant medications such as
phenobarbital is very long so that it a dose or twae,
is missed it does not matter, Ounly alter ten days
with phenobarbital, will the drug be washed out
completely.  An effective anti-convulsant dose will

he maintained for fve or six days so that such
individuals probably will not have any ill cffccts
if they jusl miss an occasional dose,  On the other
hand, if you are piving diphynyl-hydantoin which
hus a considerably shorter half-life and the medi-
cailon iz stoppad Lthe drugs would be washed out
fquickly and the blood concentration [lall below
the eflective anti -convulsant lewvel so that there
waould be a greater dunger of epilepsy developing,
This iz a possibility but ar the moment woe do not
know how great the risk is,

Drr. Blawi:
normality are we talking - abnormalities
background or paroxysmal discharges

ELG, what type of ah-
in the

Beparding

Dr. Walker: [ would say ol both background
abnormalities and the parcexysmal discharges.

Dr. Mani: When vou say  pilot should not
shaow any abmormality, you mean it inust be a
completely normal BLG?

De. Walker : what we would call as a

normal EEG ¢

¥,

kL.
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