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INTRCLUCLION,

When changes were first noted in taking electrical
recordings from the soalp of an epileptic, the true
significance of the findings was not appreciated. (Berger,193l)f
Eventually, more accurate information was available, and a |
description of the electrical changes during a selzure was
made by Gibbs, Gibbs and uennox_(i)(1937).

The problem ﬁow becomes apparent - the electro-
encephalogram (abbreviatea to EEG subsequently), is only of
value In diagnosis i1f it records seizure discharges. However,
these, like the seizures, are transient, fleeting phenomena,
and are not seen necessariiy in the records of every epileptic
patient. There are several studies to éuppoft this contention.
Walter (L938) examined 214 patients and considered that 91
showed interseizure abnormality. He wrote thaﬁ 50 pr cent.
of patients under the age of 40 showéd sume abnormality, hut
few over 40 showed any abnormality. Finley and uinés (1942)
noted that 14 per cent. of 620 epileptics had normal records
and that 86 per cent. were borderline. Gibbs, Gibbs and
Lennox (1)(1943)‘found the wBG to be of value in diagnosis
in 38 per cenﬁ. of 1,260 epileptiq patients, and to be
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supporting evidence in a further 20 per cent. therefore,
one may make a conservative statement and note that no

‘abnormality was found in 42 per cent. of epileptic patients.

‘This problem of diagnosis in epilepsy was one
which exercised the minds of the medical writers of the
classical period. - Uverbreathing was mentioned indirectly
by Galen (1) in the advice he gave on exerciserwhich, he wrote,
might make a patient epileptic. szain, <alen (2) thought
that ﬁhe nbmadié habit played a nart in the production of
fits in certain adolescents. He bellieved that these might
be caused by sleeping on the groucd, or by eaposure %v shuwers
of rain. " ne listed, also, a variety of other causes of'

3

fits (3). ihese included frost, violent heat, strong winds,

=)

strenuous baths, repulsive food, whirlings wheels, lightning,
thunuer, sleeplessness, inulgestion, distress, aungei, weariness

1 the chief characteristic was that

P

aud similar factors of whic
they stirred up and troubled the body violently, reminding it
of the disease and producing a paroxysm.

Alexander of iralles described the value of
burning goat's horn under the nose of a suspecued epileptic.
He mentivned, .lso, the burning or precious stones such as
agate and Jjade, with a similar effect, and believed that the.
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odour of myrrh would be equally efficacious. salexander of
tralles also considered that fits could be precipitated by
wrapping an epileptic in a goatskin and plunging him into the
sea. If he sank, he was an epileptic.

Hippocrates wrote extensively on this subject.
He thought wet weather played a part in the production of
seizures (1), and considered that oedema was an unfavourable

findin g 1in an epileptic patient (2). He wrote that the

risk of having & fit was greatest in the spring, when the sun

might shine suadenly on a susceptible person (3). He cited,
also, the effect of fear in producing attacks in children,»
and considered that the breathing difficulties produced by
fear might play a parte.{. . He found an excessive amount
of water in the brains of epileptic goats, and considered that
this was present in the brains of epileptic men. (4).

aristotle noted the part sleep played in the
production of seizurcs, ana considered that these were ﬁore
frequent in sleep than in waking.

& method of predicting epilepsy in new-bofn
infants by bkathing them in wine was described by Plutarch. -

apuleius, in his Apologla, noted that seizures
could be produced by the spinning of a potter's wheel before
.the eyes of a suspected eplleptic. He thought that the

giddiness thus induced helped to provoke a fit. He wrote :

"The potter is more effective than the magician for casting

eplleptics into couvulsions.™
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In the present century, activation procedures
heve comtinued to prove themselves of value, and it is
proposed to describe briefly the history, application and
possible rationaie of the following methods: Forced hydration,
voluntary hyperpnoea, hypogliycaemia, sleep, stimulation of
sensory pathways (including the optic tracts), metrazol and
finally, the use of each of a small group of miscellaneous

I.
rOnitie  HionaTiOn

I should like to draw attention again to fhe
abservations of the classical authors described in the
introduction. Cedema of the brain and exposure to water
were described by many of them. about thirty years ago,b
welr, Larson and «owntree (1922) noted that subcutaneous
injections of pituitary extract Inhibited diuresls in patients

suffering from diabetes insipidus, and produced a state of
water intoxication in one normal control subject to whom water
was given in large amounts. . wome dogs, treated similafly,
experienced convulsions. this observation was not
utilised clinically until McQuarrie and reeler (1931)
demonstrated that grand mal fits could be induced in epileptic
children (but not in non-epileptic children) by pituitary
injections combined with a forced fluid intake.' This
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discovery was a sequel to an earlier observation by McQuarrie
(1929) that eplleptics tended to retain water during the acute
phase of the disease, and that selzures could be prevented

by restriction of fluid intake. Jacobsen (1934) used this
method as a dlagnostic tool in a study of 40 patients. He
thought it was of some value, but that it was difficult to carry
out properly because in some patients no positive fluid balance

could be prouucsea, and in ¢thers nausea became so pronounced

 that the test had to be abandoned. dibson (1937) combined

the water-pitressin test, as it was now known, with voluntary

hyperpnoea and produced fits in 50 per cent. of 11 epileptic

" patients. Janz (1927) found that the water-pltressin test

alone gave a positive result, by the production of seizures, in
35.8% of a group of epileptic pgtients, whereas metrazol was
of diagnostic value in 54.6,%, and voluntary hyperpnoea. in only
109%. plyth (1943) stated that the water-pitressin test
would assist accurate diagnosis in 86.6% of epileptic patients
by giving a positive response. However, warland, w~ick and
whitty (1943) were more conservative in their outlook and
considered that the test was of diagnostic value in 39% of
proven epileptics, and they found also 38y of positive results
in a group of borderline epileptic patients.

In the same year, this knowledge was applied to

a case of forensic interest by Hill, Sargant and Heppenstall

(1943). A young man had murdered his mother after consuming
~ five pints of beer. the physiological state of the patient
at /




ﬂlavto‘have dropped out of use as a diagnostic ald, possibly having

at the time of the crime was reproduced in the laboratory, f}

and it was noted that WuG abnormalities appeared in association | :

with impairment of consciousness after the consumption of five

pints of beer. -

Blier and wedlich (1947) used the water-pitressin

test combined with E&EG examination to differentiate bhetween
a group of patients suffering from epileptic fits and a group
surfering from syncopal attacks. o gross wuG éhanges

“#d~tn the latter group, but, in the epileptic group, very
fast wave forms assoctated with petit mal and psychomotor
activity appeared in 25% of the patients examined. ihe
remaiﬁder of the group showed less épeciric changes, and one
of the twoe patients %o had normal records throughout the g
test, had two major seilzures five hours later. ithe aﬁthors ';
noted unpleasant side effects such as pallor, headache, i
nausea and vomiting. ‘ In the same year, vohn, Kolb and
Mulger: (1947) described a somewhat similar investigation.
+hey were not impressed by the method since they considered w
that water intoxication led to msd changes in the majority of |
individuals and that these changes were not necessarily epileptic |
in nature. It was noted, also, that several patients who |
habitually experienced grand mal seizures, showed no abnormality |

o

during the test.

2ince these papers were written, the test appears

fi@een supplanted by the newer methuds of provocation which wiili

be /




be described later. But, doubtiful as its value was, there
was no dubiety about the fact that the combinatian of raised
fluid intake and pituitary injections could bring about seizures.
The mechanism of this phenomenon is worthy of study, since it
may wellAhave éome bearing on the physioldgical background of
other methods of inducing epileptic fits.

It seems likely that the eplileptic manifestations
appear in response to changes in electrolyte concentfationr
and are not caused simply Ly a rise in cérebroy-spinal— fluid
pressure. ihere is no doubt that injections of posterior
pituitary extract cause a &iminishéd urinary flow and increased
re-absorption from the remal tubules.  ihis is attributed by
Samson Wright (1940) to stimulation of the epithelium of the
renal tubules to absorb more water.  iicQuarrie and Peeler in
the paper guoted above found that the administration of NaGl

preventeé'the occurrence of fits in epileptic children who

|
!

weré sﬁsceptible to the water-pitressin test, and they consider-

:ed that the mechanism for controliing the semi- permeability
of the brain cell was defective in the epileptic.

There seemed to be no doubt that the use of
the water-pitressin test led to some diliution of blood serum

" as was indicated by a lowering of the osmotic pressure of the

klood. This was ascertained by measuring the Freezing Point J

as was shown hy Fremont Smith and his co-workers (193l), who
deductd that the fall in osmotic pressure in blood serum Was

~reflected /
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reflected by a: similar fall in the v.S.r. Glegg and lihorpe
(1935) demonstrated that a fall in blood serum osmotic pressure
coincided with the onset of a fit in a group of epileptic
patients exposed to the water-pitressin test. %
#illiams (1939) studied a group of patients with j
raised intra-cranial pressure due to supratentorial tumours.
.hese patients showed #iwu abnormalities which could be abolished N
by intravenous infusions of 3uj Nawl. - Wwhen he raised the
' ngfﬁf pressure in two normal subjects to 500 mm. (HgO) hy the
application of a sphygmomanometer cuff to the neck, no hmu
changes occurred. &0 abnormalities were seen also when the
water-pitressin test was used to raise the U.8.F. pressure to
190 mm. (HZO) in one normal subject, and 280 mm. (HO) in
another. @illiams believed that the EEG changes were due to |
an intra-cellular oedema, and he believed that the water- |
pitressin ﬁest alone produced an extra-cellular oedema. ihis
point of view would seem to fit in with that expressed earlier
by LcQuarrie and reeler, i.e., that the semi-permeability ofb

the brain cell was defective in the epileptic. These views

received further confirmation by the experiments on rats of
Swinyardr Toman and Goodman (1946), when it was gh0wn that i
intfa-cellular hydration accompanied by depletion of extra-‘
cellular electrolytes lowered the threshold to electrically
or meﬁrazol induced seizures by 506%. 4 paper by Gelihora

and Ballin (1346) qemonstrated that different degrees of water

intoxication ,
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|
intoxication in rats codld produce different forms of EmG g
abnormalities” i.e., high voltage slow waves at one level, |
and spikes, spike and wave at other LeveLs in the same animal. {
They postulated that petit mal, grand mal and psychomotor
epilepsy were thus due to the same haeic disturbance of brain

function.

vonciusion. X

. It seems likely that the production of EEG
abnormalities of epileptiform type can be brought about by L
celiular hydration and a fall in extra-cellular electrolytes. |
It is difficult to reprdduce this state of affairs in normal
subjecﬁs, But it can occur in experimental animals and also
in certain epileptic patients in whom defective permeability
of the cell membrane has heen postulated. The work of
gellhormn and pallin (qgoted above) might lead to the supposition‘%
that different forms of epilepsy might be due to different v

degrees of cell membrane permeabiiity.

| Thé combination of pitressin injections and
forced water intake has heen used in the diagnosis of epllepsy,
but it has proved to be uncertain in its action, and has had

f

unpleasant side-effects. wLittle has been written about it j
. {
in recent years. j
1



II.

VOLUNTAKY HYPaarNOKa.

This method (subsequently descrihed as over-
:breathing) has been of value in the diagnosis of epilepsy for
many years. It was used first by uosett (1924) who was
interested in the various forms of rigidity which voluntary
overbreathing could produce. In that year, soerster (1924)
described epileptic fits which had been facilitated by voluntary;
overbreathing. ihis was achieved in 55y of the patients
studied. another clinical investigation by rog and <chmidt
(193L) showed that'overbreathing produced epileptic phenoména
in seven out of twenty patients. mventually, interest was
stimulated in the physiological changes involved in overbreath-
ting. Wolff and Lennox (l930) described experiments on cats
in which the plal vessels were exposed and Observed. It was |
noted that an increase in the diameters of the vessels could %
be produced by increased U0y concentration in the blood,
decreased Op concentration and acidosis. alkalosis, increased
Og concentration and decreased V0p concentration produced a f
moderate decrease in the diameters of these vessels. Kinnier
Wilson (1935) wrote categorically that acidosis tended to
inhibit seizures and alkalosis to cause them. <1he blood j
became alkaline by forced voluntary respirations. Overbreathing{
was also considered to cause fits by lowering the oxygen tensionj

i

in the tissues. Gibbs, Lennox and Gikbs (1936) described

the /
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the BEG changes in petit mal epilepsy, notably the clussical
3 per Bec. WavVe and splke dischargs. hey remarkeu that
overbreathing facilitated the appearance of this phenomenon.

a4 further step in the synthesis of this new
knowledge was made Ry wusser de warenne, ..cwulloch and Nims
(1937). shey studied the p.H. changes in the cortex of
curarised animals, and noted that hyperventilation produced by

artificial respiration caused a marked alkaline shift, whereas

hypoventilation resulted in an acid shift. States of increased :

alkalinity and acidity were achieved also hy intravenous
injections of sodium bicarbonate and dilute aclids. It was
found that an increased alkalinity of the cortex was assocliated
with an increase in electrical activity, ¢nd Increased acldity
caused a decrease In activity.

L emnox, Gibbs and Gibbs (1938) noted that
overbreathing caused a diminution of the blood flow through
the brain, and they concluded that the variations in cerebral
blood flow were closely related to changes in alveolar carbon
dioxide levels. a: clinical investigation by wobb,
Sargant and Schwab (1232) showed that in many epileptics
suffering from petit mal, the seizures were préceded frequently
by spontaneous overbreathing. +his was done by recording
simultaneously on the nEG and on the kymdgraph of a m.M.K.
apparatus. Later, Glbbs, Leunox and uwibbs (1940) studied
the 002 conteﬁt of the blood in patients suffering from

different forms of epilepsy. ihey noted that in petit mal

epilepsy /
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epllepsy the v0, content of the blood was abnormally low,
while in patlents suffering frow grand mal attacks, the V0,
levels were abnormally high. A further study by iims, Gibbg,
Lennox, Gibbs and Williams (1940) was carried out on patients
suffering from petit mal attacks, and on controlL subjects.

The 002 concentration and pH. values of blood from the Jjugular
vein were studied. It was remarked that in the patient
subject to petit mal attacks, overbreathing produced a
pronounced drop in the vOg content of the internal jugular
vein, and this drop was maintained for a longer period than

in the control subject. ihe changes in the acid hase balance
were also greater in the patient suffering from petit mal
epilepsy than in the c0utrdl subject. In a later paper,
Gibbs, Gibbs, wennox and owims (L942) wrote categorically that
the slow waves seen on the EEG during overbreathing were caused
by a drop in the cerebral UOg concentration, and not hy anoiia
secohdary to cerebral vasoconstriction. +he constriction of
cerebral arterioles which followed a decrease of WOg in
arterial blood served to protect the brain. In petit mal
epilepsy, the cerebral vasoconstriction response to low UOg

tension was defective.

mMeanwhile, other investigations on unisG aspects
of overbreathing had been proceeding. Brill and Seidemann
(1941) had shown vhat there was a marked tendency towards the

development of a dysrhythmia during overbreathing in younger

children. /
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children. this tendency\diminished with advancing age.
Lavis and wallace (194l) described a standard method of using
the overbreathing test. +hey suggested that the patient
should breathe in and out fifteen times per minute for three
minutes. ihey cbnsidered that an exchange of approximately
45 litres per minute took place, and they found an increase
in the pH. of the blood of ¢.20 associated with a fall in WOg
tension of 18 mm. Hg. they stated their belief that
vasoconstrictiankwas responsible for slow waves in the usna,
In a further paper, wavis and Wwallace (1942) suggested that
overbreathing caused the appearance of slow activity by
.inducing cerebral vasoconstriction which in turn caased a.
diminution of Oy and dextrose to the cerebral cortex.

_ some further clinical studies appeared during
this period. HI1l and Watters%gaﬁiéd the overbreathing test
in a study of psychopaths, and noted that 65y% of a group of
- aggressive psychopaths showed a dysrhythmia as did 69% of a
group of 50 epileptics.  Heppenstall and Hill (1943) utilised
the procedure in a study of post-traumatic syndromes. They
remarked on the fact that EEG abnormalities and an abnormal
overbreathing response occurred with a significantly greater
frequency in patients who sustained head Injuries hefore the
age of twenty. ihe time since the injury did not appear to
influence the result. 'The relationship between the age of

the patient and the nature of the response to overbreathing

was /
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was remarked upon by wibbs, wibhs and wenmox (1943) (ii). they
examined 2,281 normal subjects and 1,1U7 epileptic patients.
# standard test of 100 breaths was used. s greater response
was found in the epileptic patlients. It was noted that
generally the incldence of a good response fell up to age 33.
After that age, the decline was negligible. By a good
response was meant the appearance of EEG abnormalities.

Some studies were done at this time on the
relationship between the blood sugar level and the EEG changes
- on overbreathing. Brazier, rinesinger and achwab (1944)

showed that with a blood glucose lLevel of 130 mgm. per cent.

no normal subjects showed slow activity within the wmelta range,

(f.e., 1 to 3% cycles per second) during the second minute of
overbreathing and only 7 % of normals at non-fasting levels
of blood sugar. anfter three minutes of overbreathing,

11% of normal subjects showed slow waves in relation to a
blood glucose level of 130 mgm. per cent. and 38 per cent. at
non-fasting blood sugar levels.  Heppenstall (1944) studied
the effects of raising the blood sugar level in a series of
neurotic and epileptic patients to whom the overbreathing
test had been applied. It was discovered that the EEG.
abnormalities of the neurotic patients could be obliterated by
 ?aising the blood glucose level to above 130 mgn. per cent.
However, raising the hlood glucose level proved ineffective in
the epileptic patients, and it was noted that these patientsl
Whose resting records were most abnormal tended to have

abnormelities /
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abnormalities persisting on overbreathing after the blood
glucose levéf had been raised to above 130 mgm. per cent.

about this time, darrow and his collaborators
began a series of experiments which cast new light on the
physiological mechanisms underlying the slow wave response on
overbreathing. varrow and Puthman (1943) described the effect
overbreathing had in lowering the blood pressure. It was
observed that §f the heart rate increased during this fall in
blood pressure, slow waves appeared in the LHG. lhis increase
in heart rate was not accompanied by palmar sweating or a
decrease in the downwards trend of the blood pressure.
‘herefore, it was postulated that the increased heart rate
was due to a diminution in parasympathetic activity. In
a. later paper, the same authors (1944) noted that during a
one-minute period of overbreathing the changes in the heart
rate were antecedent to or simultaneous with the appearance
of slow waves in the UG, ihis phenomenon suggested that
a vagal mechanism was responsible for the LG changés.

barrow, wcuulloch, Green, «avis and warol (1944)
made some further studies on cats. ihe parasympathetic
pathways over the facial nerve, geniculate ganglion and greater
superficial petrosal nerve were interrupted by nerve section.
‘Two minutes of overbreathing had no effect before nerve
section, but after this operation on one or both sides, slow
waves appéared in the fnG. Stimulation of central nsrve

endings /
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endings aholished these changes. rhysostigmnine Injected
intravenously reduced the degree of slow wave abndrmality‘and
atropine increased it. ihe potentials recorded from the
petrosal nerves were in part similar to these known to occur
dufing‘autonomic regulation by the carotid sinus. ihe chief
conclusion of these investigationswas that the presence of a
parasympathetic cholinergic mechanism which counteracted the
effects of hypocapnia on the cerehbral hlood vessels seemed to
be indicated. A subsequent paper hy ~arrow, ureen, .avis and
Garol (194i§)described in detail the investigation mentioned
in the preceding paper. It was considered then that the

alkalinity produced hy overbreathing hastened the destruction

of acetylcholine. warrow, Green, wavis and Garol (1944) (it),

investigated this concept. shey examined cats to which
physostigmine had been given to prevent destruction of acetyl-
tcholine. It was noted that slow waves failed to appear in
overbreathing after section of the facial nerve.

| Since then, some further papers on overbreathing
have appeared. Engel, xerris, Stevens, Logan and Webb (1946)
~demonstrated that a reduction in the level of consciousness was
facilitated by a low blood sugar level, low oxygen temsion in
thé inspired air ana by the test being carried out with the
Patlent sitting upright. they carried out estimations of the
oxXygen and carbon-dioxide tensions in the blood of the internal
Jugular vein. ihe glucose concentration and pH. were measured

elso, but no correlation could be found between changes in these

factors /
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factors and changes in the maia. It was noted, further, that
if slow waves did not appear in’ the BEG. within three minutes
of commencing overbreathing, they were unlikely to appear.

Himwich, Hamburger, iaresca and Himwich (1946)

did sowe estimations of the oxygen tension in the right and
left internal Jugular veins during overbreathing. ithey showed
that there is & wide variation in levels of oxypgen concentration f

hetween the two veins. <t1hey stated their helief that the

cortical component of the cerebral venous blood flow appears,
usually preponderantly, in one of the two internal jugular'veins,p
and it was considered that the portion of the brain with the ':
higher metabolic rate is the §ortex. ’ |
| angel, rerris and Logan (1947), in a clinical
study, noted that there was a close cbrrelation between the
degree of slowing of the BEG during overbreathing, and the
degree of reduction in awareness. It was observed, also,
that only petit mal attacks were provoked by overbreathing..
. Grand mal attackswere never induced in this way.
Vigouraux and Gastaut (1949) reviewed the HBEG
response to overbreathing in a large number of patients who
.were suspected of being epileptic. It was considered that
spike and wave was the only abnormeality which was diégnostic
Of epilepsy, and that it was a mistake to regard slow waves as

necessariiy eplleptic phenomena.

Leroy /



20

Leroy and Verdeaux (1950) described a patient in
whom an eplleptic fit was followed by deep sleep lasting
seVeral'days. ihe fit could be induced by overbreathing.

EEG records taken both during overbreathing and sleep showed
bilaterally synchronous slow waves at 3 cycles per second.
These changes were accompanied by a low pulse rate. ihe
authors concluded that the effect of overbreathing and of

sleep was to produce a state of vagotonia.

uonclusions.

from these observations, it is evident that
voluntary hyperpnoee produces a fall in alveolar Wg tension
and a state of alkalosis, which favours the production of
spike and wave activity associated with petit mal. In the
normal person, slow activity only appears which is seen more
readily in younger subjects and can be abolished by raising
the blood sugar level. Raising the blood sugar level is
ineffective in preventing the appearance of abnormalities in
epileptic patients. +he test 1s considered to be of clinical
value only if spike and wave activity is seen. lhe mechanism
of the response was considered by Gibbs and his co-workers to
be that a drop in arterial Wy produced slow activily im
associlation with a protective cerebral vaso-constriction.
In petit mal epilepsy, the cerebral vasoconstriction response

was [/
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was defective. but the later work of sarrow and others
showed clearly that the appearance of slow waves was
associated with.parasympathetic underactivity and low
acetylcholine levels in the brain.

<here the matter rests at the moment. It is
clear that the mnG changes seen may well be due to interference
with the normal metabolism of oxygen and glucose in the brain,
but whether this failure occurs within the cell, the cell
‘memhrane,’ at the blood brain barrier or elsewhere, is open

to conjecture.
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HYPOGLYGAmNIA .

Mention has been made already, in the previous se§tion
onvvoluntary hyperpnoea, of the significance of hypoglycaemia
in relation to the results of that test. It 1s intended in |
this chapter to present fresh information on the use of
hypoglycaemia in the diagnosis of epilepsy.

+he earliest description of the eplleptogenic effect
of hyp0gl&caemia in a human subject was civen by Miiler and
frescher (1927), who noted that a diabetic patient had
epileptiform convulsions following the injection of insulin. ;
However, insulin convulsions had been demonstrated earlier by
Olmsted and Logan (1923) who injecte&'insulin into decerebrate
cats, but the mechanism of this response was doubtful.
zegami (1930) showed that insulin convulsions could not be
produced in animals by the local application of insulin to the
brain. Since then, many descriptions of hypoglycaemia
convulsions produceda by parenteral injection of insulin iu
animals have heen given, nouvably by Hail (1938, Goodwin, Lloyd
and Hall (i9%c,, Letbel anu mall {(1238), Loruzzi (1339) wud
Goodwin, Lerr and wawson (194u). There exists mo great
controversy about these finaings - in short, the effect of
hypoglycaemia was to produce slow activity in the EEG‘rec§rd
and the onset of a convulsion was associated with a drop 4in

both the arterial and venous blood flows. A later paper

By Gellhorn and Kessler (1942) showed that the EEG slow activity
of s | | | J‘
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of hypoglycaemia could he abolished by breathing pure Oo.
wany attempts have been made to use this knowledge in
the diagnosis‘of epilepsy. &iskind and Bolton (193b) failed
to produce convuisions by Injecting subcutaneously between
10 and 6uv units of insulin into each one of a group of
epileptics, and they considered that 1t was less efficacious
than forced hydration. An BuG. study of 34 epileptic
patients during insulin h&pOglycaemia was wade by Gibbs,
Gibbs and wennox (1939). ihe patients received insulin
injections subcutaneously at a dosage of from 6u to 1u0 units.
They noted that hypoglycaemia was ouly effective in increasing
the incidence of spike and wave (petit mal) epilepsy, but fhat
it had no effect in producing the abtnormalities of other
forms of epiiepsy. ~ormal sugjects showed the appearance
of high voltage slow activity at low blood sugar levels as
had been demonstrated earlier by Hoagland, nubln and vameron
(1927) in their study of schizophrenic patlents having insulin
coma therapy. & paper by Vavis (1943) descrilied the effect
of insulin hypoglycaemia on normal subjects from which she
eoncluded that insulin hypoglycaemia was more certain than
¥okuntary hyperpnoea in revealing cerebral dysrhythmia.
Hertz and @ulff (1948) avplied the test to a mixed
group of 59 subjects (epileptics, neufotics and controls),
and each person received 16 units of insulin. lhe only

abnormality /




gbnormality to appear was high voltage slow activity, which

occurred in some members of all three groups. Sgveral proven

epileptics showed no abnormality whatsoever. ihe test was
con#idered to be unsatisfactory, but one criticism of this
conclusion is that the insvlin dosage was rather small.

paisset, bugnard, Grezes-nueff, urezes-tueff and Flanquer (1948)
examined 3¢ epileptic patients who were given insulin on the
baéis of one unit per kilo body weight. In the average
patient this would amount to a dosage of 6u units, and the
method was effective by lncreasiug tenfo.d the epiieptiform
abnormalities scen ut rest. It is of interest that Hill f
(1945) has aemonstrated that epllepitifori abnormailties can

be produceua in certain schizophrenic patients by insulin ;

hypoglycaemia. |

vonclusions.

From the foregoing, it is evident that insulin

hypoglycaemia willmproduce convulsions easily in animals,

but that this result is rare in man. Indeed, the oniy form
of epilepsy it has any effect on is that of the splke and ;
‘wave variety, a property which is shared hy it and voluntary

hyperpnoea. ihe other property which it shares with the

overbreathing test is the production of generalised high

voltage slow activity. ihe reversal of these changes hy

the /
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the breathing of pure O, suggests that the brain wave
abnormalities are caused by interference with the normal

metaboliism of glucose taking place within the cell, the cell

membrane or elsewhere im the braln.

Iv.
S L EWP.

It 1s known that many eplilleptics have their seizures
during sleep. lention has been made already of Galen:'s
observation that epilepsy couid be induced by sleeping on
the grouud. «his review of the literature on this subject
'1s concerned with descriptions of the normal human EEG in
s;ee?, the effect of sleep-inducing drugs on the human EEG,
end the use of sleep as a diagnostic ald in epllepsy.

| Gibbs, wavis and nbennox (1l935) described the kug in
thirteen normal subjects during sleep, and four patients
vsuffering from narcolepsy. In all cases, as the subjects
hecame very drowsy, the predominant waves became slower and
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showed a greater ampllitude. ss the subject became sound
asleep, the predominant electrical activity became still
slower and smoother, showing a characteristic frequency of
from three to flve cycles per second, with a voltage of

60 micro-volts. raster waves reappeared after a longer or a
shorter interval.

Loomis, Harvey and Hohari (1936), in a comprehensive
survey of wBa, described the following changes during sleep.
As the patient feil asleep, the alpha activity became slower,
but no dramatic change in brain-potentials occurred at the
time of falling asleep as far as could be determined by the

response to auditory stimulation. £ifteen minutes after

falling asleep, the alpha activity disappeared, and was replaced]

by random waves at three to five cycles per second, # sound
which daid not awaken the sleeper caused the re-appearance of
alpha activity. Spindles of electrical activity at thirteen

to fifteen cycles per second were seen to occur as were

periods when no waves appeared. It was noted that the patient

lost the ability to follow the changing frequencies of a

flickering lipght during sleep. oclake, Gerard and Kleitman

(1929) described sleep changes in the ik, and considered that

the>sleep changes were due to a shutting off of afferent
stimuli by the thalamus and hypothalamus. wrazier and
Finesinger (1945) noted the effect of barbiturates on the

human /
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human wE&G. It was remarked that high voltage fast activity
appeared in every case, and that if a larger dose of barbi-
tturates was given, slow delta waves at three to four cycles
per second appeared. Lennox (1946) described the effect
of a wide range of sedative drugs on the human uisa. ihese

drugs were given elther orally or intravenously, and included

pentothal sodium, sodium amytal, pentobarbitone, quinalbarbitone,

phenobarbitons, chloral and paraldehyde. ihey all produced
mainly fast activity.
gibbs and Gibbs (1947) studied the wmunG during sleep
in five hundred epliieptics. +hey examined them also while
awake, and noted that 88% of the patients showed selzure
- @ischarges during sleep, hut only 36%,0f the group exhibited
them in the waking state. shey considered that abnormal
phenomena occurred either while the patient was falling asleep
or waking. ihe incidence of selzure discharges was hlgher in
| focal than in idiopathic epilepsy. They stated that 95%
of psychomotor epileptics showed selzure discharges in sleep,
and 925 of patients suffering from petit mal epllepsy showed
such phenouena. lhe chief weakiiess 0of this paper is that
it gives no accurate description of the seizure patterns.
A.furthef paper by the same authors (1949) described
the usé of gquinalbarbitone (seconel). It was found to

pProduce changes essentially similar to those of sleep in the

human /



human Lsia., It was not thought to enhance the freguency of
seigure discharges. ayke (195vu) confirmed these results.
the dosage used consisted of gr. 13 to gr.4z. He described
sleep changes in five healthy adults.

It has bheen shown recently by Merlis, et al. (19351)
that the temporal lobe focl in psychomotor epllepsy can be
demonstrated easily by means of sleep inauced by seconal,

paraldehyde, etc.

Gonclusions.

there 1s no doubt that sleep facilitates epileptic
seizures, but so far this has not been demonstrated,
experimentally, to any very great extent. wecently, it has
been shown to be of value in the demonstration of temporal
lobe foci. As In other methous dezscribed before, sleep
and barbituraites produce a change im brain metabolism. +he
norazal individual shows occasioOnei high voltage slow activity,
associated with high voltage fast activity. It is possible
that this is a caricature of wave and spike epilepsy which
would faciliiate the appearance of the true phenomenon. also
it is‘possible_that the eiicct of sleep anu these arugs is to
remove cortical control, and allow the electrical activity

of. subecortical structures to become dominant.
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Part 1I.

Brloms .l rORE ABNORmALIYIES rRODUGLD oY
STILULAILIUN Vi WwEaVUUs YA iHwalta

this heading embraces much of the field of experimental
epilepsy. tlectrical methods of stimulation are among the
commonest methods of use in the iaboratory. ihey are of
greatest value in investigating the physiological changes
occurring in the epileptic fit, and they are of importance
since they constitute the historical background to the methods
in current use in the diagnosis of epilepsy.

In 187v, iritsch and Hitzig showed that irritation of
the anterior parts of the brains of ahimals by a constant
current produced movements on the opposite side of the body.
ihis work was foilowed up by zerrier (1873) who produced
eplleptiform convulsions in animals hy faradisation of the
motor cortex. water, when interest in the functions of
different partis of the brain haa ﬁuen stimulateu, xrangois
rranck and Pitres (1883, showed thai faradisavion of the
dptic cortex couliu produce wotor fius 1o anisals. +the amount
‘of current requ&red was greater than when faradisation of the
motor cortex was carried out and section of the brain between
the optic and motor cortices could prevent the evolution of a.
seigure. these facts would seem to indicate that a physical
mechanism of spread underlay the propagation of the fit.
much has been accomplished since these early papers were

written /



written, and I propose to mention kriefly, now, some recent
work.

In 1947, Penfield end Jaspef zave their views on the
origin of the bilaterally synchronous electrical disturbances
of petit mal. ;hej Qonsidered tha£ the diendephalon and
perhars the mesencephalon played a part in the genesis of
these rhythms. It was thought that these regions had a
somewhat more direct connection with the anterior portions
of the frontal lobes of both sides than with other sreas of
the cortex. shis was deduced from the fact that lesions

of the inferior mesial aspects of the frontal lobes could

~produce generalised bilaterally synchronous rhythms. Later,

Jasper and Uroogieever-rortuyn (1947), wroogleever-Fortuyn and
Jasper (1947), described their experiments on cats in which
the thalamic centres had been located by méans of the Horsley-
vlarke apparatus. ihese centres were stimulated electrically,
and when the maséa intermedia was stimulated three times per
secoﬁé, &;corﬁical discharge of wave and spike activity at

3 cycles per second was produced in some animals.

ihe subsequent part of this section is concerned with

& description of the epileptiform and other changes that can

be produced by stimulation of one or other of the sensory

modalities. reflex epilépsy is a form of epilepsy which

Wwill be considered under this heading. ihis is defined as

follows :
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follows: worain, w.n, (1947) (p.892). It occasionally
happens that a convulsion may be excited by some form of
external stimulation. ihis may be a sudden loud noise -
acoustico-motor epilepsy, or music - musicogenic epilepsy,
or a visual or cutaneocus stimulus.

One of the earliest forms of this to be noted was in
the guinea pigs in which orown-Sequard resected the sciatic

nerves. shey became subject to fits which were produced by

irritation in their hind quarters. the irritation arose from

the fact that the scratch reflex had been abolished, and
multiplication of parasites occurred. lhe fit could be
preventeﬁ\by cleaning of the affected parts, or by injection
of cocaine (Moruzzi, 1955) . gpileptiform activity as

a result of auditory stimulation has been descriked on several
occasions. thus wowers {(1l90U1l) mentioned an epileptic patient
with an auditory aura in whom a fit could be induced by the
sounding of a low organ note. Uritchley (1937) described
eleven patients suffering from musicogenic epilepsy, of whom
he had knowledge, and nine cases from the literature. In

a later paper (1942), he described two further patients. In
one case, the attacks were produced by classical music, and in
the other by ﬁhe roaring of a blowpire as well as by music.
Emotional upsets were associated with the attacks. At this
time, Lindsley, Finger and Henry (1942) described some experi-

‘mental observations on audiogenic seizures in rats. Lthey
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noted that fits occurred in 50% of unrestrained animals,

but not in restrained animals. Masserman (1943) considered

‘that the fits which could be produced im rats by the effect

of sounds occurred mainly in animals so predisposed by hereduiyy.;

Shaw and Hill (1947) described the history of a woman who
suffered from musicogenic epilepsy. It was possible to
obtain wtd records of these attacks in which high voltage

bilaterally synchronous slow waves at 2z to 3 cycles per

'second occurred. A it was precsded by emotional upset.

It was thought that the fit might have been produced by
aikalosis as a result of overbreathing, but voluntary over-
tbreathing failed to produce an attack. +hey considered
finally that in this patient a conditioned response héd been

established, which was dependent upon the ®"meaning™ value of

" the stimulus. It may be inferred, therefore, that the

function of the cerebral cortex was involved since no fits
were caused by pure tones alons.

Gastaut an& Pirovano (1949) have attempted to assess

the value of auditory stimulation in a group of patients who

sﬁowed positive epileptic discharges on photic stimulation.
However, the results proved disappointing. Argellano, Schwab
and Gasby (1950) described two cases of epilepsy in whom mnmG

changes were produced by sonic stimulation. In one patient,

the /




the G changes of psychomotor eplilepsy with the negative
spike in the left anterior temporal region appeared. ithis
phenomenon was produced by a constant. tone of 100 decibels

at 1,024 cycles per second. ihese appearances vanished

when the sound was turned off, and coulu be repeated wt will.

rart 2.

THe PRUDUCTLION OF KPILEFTLIU PHELUMKNA
BY STIMULALIOMW UF uP.1C PATHWAYS .

Reférence has been made eariler to the writings of
the clussical authurities on this subjecu. valen and
Apuleius boith described the significant part whirliing wheels
Played in the production of fits. Hippocrates was impressed
by the effect of sudden strong sunlight in producing similar
changes . Littie was written about the clinical aspects
of this phenomenon until recent years, although Gowers (1901)
described a patiént who had an eplileptic fit on going out-of-
doors into hright sunshine. He mentioned another patient in

whom fits could be produced by looking at a bright l1ight or
Into /
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into a fire. mimilar patients were described by Yawger (1914},
nadovici, kisirliou and wluckmann (1922) and Uatola (1934).
These writers all considered these effects to be due to the
intensity of the stimulus. ihe effect of rapid repetitive
visual stimuli was described indirectly by holmes (1927), who
noted the production of fits in sasceptiblé individuals by the
visual stimulation of the cinema shows of that period. His
patients had old gunshot wounds of the occipital regions of the
brain. +he flickering effect of bricht lights, such as neon
signs, caused major epileptic fits in three patilents described
by Gohb (1947).

Against this clinical background, some physiological
observations had been ﬁade on the effect of photic stimulation.
ihe earliest one by Gaton (1875) demonstrated that the shining
of a bright light into the eye of an experimental animal
produced an electrical discharge in that area of the cortex
responsible for eyelid movements. It was shown clearly hy
rormmuller (1932) that such a stimulus produced an electrical
discharge in the striate area of the rabbit's cortex.  .he

value of repetitive photic stimuli was demonstrated by fischer

(1934), who found these more effective than a single stimulus !

in producing definite action currents from the striate area.
It was shawn later that these action currents consisted of

Oscillations at roughly tho same freguency as the stimulus.

ihese ,/
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These were recorded from electrodes over the occipltal area
of the intact skull, in man, when the eyes were llliuminated
by a bright, flickering light (adrian and watthews, 1934).

It was found that the commonest range of this phenomenon was
'produced by a 1ight flickgring at between 9 and 14 flashes
per second. (Durup and Eessard; 1935). This phenomenon
of flicker following,or photic driving as some other authors
némed it, stimulated a great deal of interest, and it was
noted by Halstead and his collaborators (1942) that the best
results were achieved with flashes of an intensity of 80 foot
candles and that the blue end of the spectrum was more
effective thah the red end.

| Adrian (1944), in the woyne Lecture, summarised his
views on the significance of flicker rhythas. He stated
that there was no agreement as to the cerebral mechanlisms
responsible for flicker rhythms. He pointed out that the
flickering field must occupy the centre of the visual field
‘before any of the cortical waves ceould be éeen. It only half
Of the field of vision was stimulated, the flicker potentials
appeared on the opposite side of the head. Similarly, if the
“upper half of the visual field was stimulated, the flicker
potentials appeared in the lower part of the occipital cortex.
No "on® and *off* effects were considered by Adrian to be

Present. He believed that flicker potentials were waves

which'q/"




which had spread out from the meslally situated striate area.
into the neighbouring parts of the cortex. He found that the
forward spread in his own case was as far anterior as the
lower frontal regions, and he ascribed this to local cortical
changes and not to a potential gradient from the striate area.
It was considered further thet the spread of activity wasnot
a purely electrical spread, but rather one throuzh the
neighbouring association areas. 1lhese findinss have not been
noted in animals, but Adrian considered that the fact that the
animals had been anaesthetised interfered with the results.

In time it was shown that the flickering light stimulus
could induce epileptiform changes in the EuG in a susceptible
tndividual. Thus, walter, wovey and Shipton.(l946) described
an epileptic patient whose resting record contained large
components at 8 cycles per second. when the light source
(a'Scophony paird stroboscope) was triggered (by means of an

electronic device) to prodqce a series of flashes which

coincided with the appearance of nnu activity at 8 and 16 cycles

pér second alternately, a larval wave and spike discharge
developed. these writers considered, therefore, that certain
types of seizures were due to the exact synchronisation of
cerebral rhythms préviously slightly out of step. zhis
discovery stimulated a great amount of interest and activity.

It was thought that a new diagnostic tool was at hand, but
Walter /
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Walter and wWalter (1949) admitted that this method of
provocation was ineffective in patients whose sEG record,
at fest, showed no abnormalities. However, much of Interest
remained. ihe rrench workers investigated some patlents of
this type in great detall, and vastaut, noger and Gastaut
(1948) described the examination of 100 eplleptics whose
history‘suggested that they might have fits on exposure to
photic stimulation. 13 patients gave a poslitive response
on being exposed to photic stimulation from a stroboscope
during EEG examination. It is worthwhile pointing out,
in order to emphasise the Limited nature of this group, that
all of the 100 patients were selectea frow the total number
of 317 eplleptics who passed through the clinic during the
period of this investigation. It was thought that this
smaller group would be most likely to respond to the test,
In point of fact, the majority of the 13 patients‘deseribed
above had gross eplleptic abnormaiities when examined at
rest or during overbreathing. shese couslsted chiefly of
spike and wave complexes, but there is no doubt fhat photic
stimulation increased the incidence of these abnormalities.
A machine designea to enhance the effects of photic
Sﬁimulation was des@ribed by Gastaut and vorriel (1948).

Briefly, a sound producing machine was triggered to emit

sounds /-
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sounds in step with the stimuli from the stroboscope and on
dwg examination an enhanced response was noted which spread
forward from the occipitél to the temporal regions. wut
there has been little written about the positive value of
this approach in the diagnosis of erilepsy.

It was noted that photic stimulation could produce
abnormalities in patients suffering from conditions other
than epilepsy.  shus, Lerique-hoechlin, j.ekhorocheff and
Le Nemsec (1950) found that epileptic wave forms were produced
in a group of children suffering from choreo-athetosis and
tuberculous meninglitis as frequently as in a group of epileptic
children, i.e., in one-third. However, these writers
considered the appearance of high voltage slow activity to be
a positive response as well as the demonstration of spikes
or spike and wave activity. ihey made the conservative
conclusion, however, that the test was only of diagnostic
value if it provoked an attack of sypecific type,‘ Walter (1950i
noted that spike discharges could be produced by this method 5
in patients without any previous history of epllepsy. At |
the same time, he described the combination of eyelid closure
with the application of the stimulus as a most effective method
of evoking epileptic discharges. +he trigger device
mentioned -earlier (Walter, ~ovey and Shipton, 1946), was used
for this purpose.

In /
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In a further paper, walter (1951) claimed that 12%
of patients referred for EEG examination following a history
of attacks showed abnormalities on exposure to photic
stimulation. ihis was a much more conservative estimate
than that of iLerique-Koechlin et al. (1950), and is in
'keeping'with the results of Gastaut, soger and Gastaut (1948),
who found positive responses in 135 of this group of patients.
Walter-noted four main types of abnormal response. ihese
were (i) a diffuse dysrhythmia; (1i) wave and spike;
(ii1) large, brief spikes associated with myoclonus; and
(iv) grand mal seizures produced by a coalescence of some of
the patterns described above, +his more limited description
of abnormal responses possibly explains the discrepancy between
the findings of wal ter and those of Lerique-Koechlin and his

co~-workers.

Jonclusions.

fhe pattern of the response to sensory stimaulation has
many closely-woven threads'in its fabric. wome Of these threads
have been traced already in this thesis. lhus, it has been a
fairly common clinical observation that appropriate stimulation
or the sensory pathways in susoeptibie individuals could produce

i



epileptic seizures. Sensory stimulédtion and especially
repetitive photic stimulation of the optic pathways was found
to produce action currents iun the visuai cortex which, iu man,
could spread forwurd to the frontal regions. it had heen
shown that electrical stimulation of the occipital ureas coula
produce a generallsed selzure through the effect (direct or
indirect) of the spread of activity from the visual to the
motor area. «epetitive electrical stimulation of the massa
intermedia of the thalamus at 3 cycles per second could produce
an epileptiform cortical discharge of wave and splke activity
at 3 cycles per second (the pattern of idiopathic epllepsy).
In man, eplleptic activity is more easily induced by visual
‘stimulation than by stimulation of any of the other sensory
systems. It does not seem too far-fetched to postulate that
-the action currents, appearing at the occipital cortex
following repetitive photic stimuiation, can spread forward

to stimulate epileptiform discharges from the thalamus which,
in furn, may stimulate the parietal cortex to produce a major
seizure. fits produced by the action of souhd are rare in
man? but are much more common in certain species of rat

living under certain conditioms. These reservations apart,

it seems likely that audiogenic seizures will occur more readily
in the rat than in maen because in the former the auditory

cortex of the temporal 1lobe takes up a relatively greater
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proportion of ihe brain than it does in man, in whose case
the occipitai (visual) cortex 1s relatively large_and well
developed.

Photic stimulation has been found to produce epileptic
discharges in 124 to 13% of patients examined. However, it
has been pointed out that it will not produce epileptic
changes in patients with normal EEG records, hence its value
as a diagnostic agent is slight. ihefe is no evidence to
show that it can delineate an epileptogenic focus, and its
use seems to be limited to stimulation of the appearances
of th@lamicfepilepsy or idiopathic epiliepsy in susceptible
individuais. It is important to remember that it can
produce epileptiform discharges in persons without any family

history of epilepsy, and without any previous history of

“attacks.

w1/
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VI
7 METHAZVas .

This section will be devoted to a review of the use
of this drug as a diagnéﬂic aid in epilepsy. ©Oome details
will also be given of the combined technique of photic
stimulation and metrazol injection.

Its pharmacological title is pentamethylentetrazol,
and it is known under & variety of proprietary names, i.e.;
“Gardiazol®, «“Leptazolw®, “Letrazol®, etc., but for the purpose
of this review the name metrazol will be used throughout.
It was elaborated by a German chemist, A.#. Schmidt, nearly |
thirty years ago. e was atte@pting to derive water-soluble
- substances frﬁm camphor ana other Ketones of the camphor group
which would retain the therapeutic properties of camphér in
spite of the change in physical characteristics. The active
substance used was not camphor but cyclohexanone, which, among
othgr products, ylelded pentamethylentetrazol, or metrazol.
This substance was found to have the following physical properties:
A white crystalline powder of faintly hitter taste which melted
at 88-590G. It had a characteristic cherry wood smell, was
readily soluble in water and the solutions were neutral in
Teaction. +he substance was infinitely stable whether stored
in 801lid form or in solution. Its uée as a cardiac stimulant
hecame widespread, but vamp (+928) demoastrated that it had no

apparent effect on the normal heart, and considered that it exerted
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a stimulatory action on the nervous systew producing
convulsions if a large dose was given. |

This knowledge was made use 0f by Meduna (1935}, who
came to use metrazol th the convulsion treatment of
gchizophrenia in place of camphorated oil. He found an
initial dose of 5 cc. (500 mgm.) effective in producing a
convulsion, but an additional 1 cc. (L0U mgm.) was necessary
for each‘subsequent treatment. Kruger (1936) thought that
3 cc. (3w mgm.) metrazol was adequate to induce a seigure.
Schonmehl (1930) considered that the normal subject required
10 ce. (l.v G) to have a fit, but that schizophrenics needed
only 5«7 cc. (SLU-70v0C mgm.)

Use was made of the drug in the diagnosis of epilepsy
and Langeluadeke (1936) cohsidered that the rapid injection

of 5 cec. (SuL mgm.) metrazol would produce convulsions in a

large number of patients suffering from organic brain disorder,

epilepsy or schizophrenia, and that the course of the fit in
- epileptics followed exactly the course of a spontaneous
seizure. He found that 9 out of 14 epileptics had a
generalised fit, and 1 out of 5 symptomatic epileptics had
such a seizure. stern (1936) thought that the slow intra-~

‘¥enous injection of 2 ce. (2ue mgm.) metrazol was of value

In the diagnosis of epilepsy since this alone had no effect on
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noﬁ—epileptic patients. Schilling {1936) felt that some
caution should be used in the application of this test.

He gave 2 cc. {2uwv mgm.) to 3 patients as a cardiac stimulant,
and produced an epileptic fit. woldstein and weinherg (194u)
showed that the subcutaneous injectian of 5 ce. (5vu mgm.)
metrazol per 1l0u 1b./body weipght produced fits in 47.05/ of
24 erilsptic patients, and in only 1.19% of 84 psychotic
patients. wWoismiser (1943} found that the rapid intravenous
injection of 2 cc.rizuu mgm.) metrazol préduced a positive
result in 32, of a group of 38 epileptic patients, whereas
doses from 2.5 cc. (30U mgm.) upwards were reguired to provoke
a seizure in non-epileptic patients.

. The evidence in favour of this test is rather variable,
but one thing seems clear, and that is that a certain
proportion of epileptic patients, possibly not more than one-
third, wiii have a seizure followinz the injestion of 2 co.
(gUv mgm., metrazol. A slightly higher propertion would
have seizures ir the dose or metrazol was increaseud to 5 cc.
(5oL mgui.) Some non-eplileptic individuals might have a
selzure after an injection of 2 ce. (2uU mgm.), but the
general impression was that 3.5 cc. (350 mgm.) was the lowest

dose capable of producing & fit in the normal person, although

one /



one writer thought that at leaét 10 cc. (L.0 G) was necessary.

However; the production of a seizure is often unpleasaﬁt for

the patient, although it may be of great diagnostic value.

iherefore, attempts were made to record the effects of

metrazol electrically by means of the E&G. in the hope that

it might he posslble to observe a larval discharge of

epileptic activity which would be of diagnostic value and

would not necessarily produce a generalised fit.  EEG.

recording-during metrazol-induced epilep%ic fits had been

| “made already by Cook and walter (1938), Strauss and Landis

(1938) and «ubin and Wall (1939). &Ll these writers described

" the presence of generalised slow activity prior to the onset

of the selzure, but subin and ﬁalltmentioned the appearance

of splke and wave activity. all were~agreedlthat the fit

was accompanied by high voltage sharp waves or spikes, in

- either the tonic or clonic stages of the attack. ~ ihe patients
inAthejobservatidns éescribed above were ail undefgoing meirazolﬂ

shock treatment,vand the dosage of metrazol used did not‘appearvu

relevant to these writers. |

The first attempt to use metrazol in conjunction with

B 'muG in the diagnosis of epilepsy was made by éiskind
8jaa

,ima and Bereel (1946), who defined the minlmal mmG
'response to 1ngections of metrazol as the first appearance ofk 

high Vclkage slow waves without ev1dence of a generalise&

selzure.




selzure. +this response was considered by them to be a

" means of measuring the convulsive threshold in human subjects.
In a further paper, &iskind and Bercel (1946) described the
examiﬁation of 25 epileptic and 11 non-epileptic patients,
Hach patient received 10% metrazol intravenously at the rate
of 1 ce. (10U mgm.) per minute, and it was noted that the
average threshoid dose, i.e., the dose required to achieve

the minimal EﬂG.yrésponse defined above, was 2.3 cc., (230 mgm,)
in the epileptic patient as compared with 3.4 cc: (340 mgm.)

in the‘non-epileptic patient.

However, this approach was not made/use of by Kaufman,
Marshall and walker (194%), who used the rapid injectioﬁ,
intravenously, of 2 cc. (20U mgm.) metrazol as a dlagnostic
device. ihis investigation was done in conjunction with
BEG. examination, and the patients consisted of a group
suffering from poét-tfa@matic epllepsy, many of whom had focal
lesions. this technique was contrasted with the action -
of,over—hreathing, hydraﬁion, electric shoeck, intravenous
pgpieillin, sodium cyanide, acetylcholine, alcohol and

tridione, but none of these other methods consistently induced

55G, changes of an epileptic characier, although sodium
Oyéh;dé_produced generaiised slow waves. Using metrazol
alone, as described above, localised changes occurred in 60%

of 97 post-traumatic epiteptices which consisted of (a) slow

waves 7
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waves, and (b) spikes which weré single or multiple. - In
105 of the group, generalised abnormalities appeared which
consisted of single or multiple slow waves and spikes. ihese
findings were the result of repeated use of tﬁevtest. LEeSs f

than one-half of the patients gave a positive response of

localising value folliowing a single metrazol activation. 4An

interesting pointer to the variability of the response was
the fact that some of the patients who had shown positive' W
results on bLeing first examined showed no response on re-testing.’
Nearly half of the patients examined were on anti-convulsant
medication, and the test was effective in producing focal
changes in 37.5j% and generalised changes in 7.5%. Although
this activation rate was lower than that of the group of
patients who were not taking anti-convulsant drugs, no seizures

occurred, whereas these were seen in 14y of the patients of

the latter group in spité of the injection of sodium pheno-

tharbital (0.2€ G.) as soon as changes were noted. & SMaldl

group of 1l posi-traumatic epilepiic pavients was investigated,
utilising the intramuséular injection of metrazol in a dosage
'af”u 6 mgm./Kg, body weight but one patient had a generalised
seizupe and only two showed anG. amermalities of localising
Value, although nine patients in the group had shown EEG.

Gh&nges folxowing the intravenous injection of 2“00.1(200 mgm, )
metrazol. | o | T

This /
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This paper is probably the most iwportant contribution
to the subject to date, since the patiepts examined were
suffering from symptomatic epilepsy, and the use 6f metrazol
was of considerable value in demonstrating the presence of an
epileptogenic focus in a high proportion of cases. this paper
served to demonstrate that metrazoi could activate focal
alnormalities, although it could also produce generalised
changes - a property it shared with the methods described in
the preceding sections. ' ’

. Attention was now devoted to refining the technigue
with the aim of improving its diagnostic efficiency and of |
miuimising the possibility of seizures at the same time. It
had been shown eaflier (Barker and ievine, 1928), that the rate
of detoxication of the dfug was 0.83 mgm./Kilo body weight per
minute. Therefore, if a diagnostic result was to be obtained,
speed of injection and a dosage related to the body weight of
the patient were lmportant factors. ihese considerations
appear to have been borne in mimd by cure, masmussen and Jasper
(1948), who published a valuable contribution to the subject.
?hﬁx found-thai the rapld intravenmous injection of 107 metrazol
i#,#féesage of 2.4 to 2.6 mgm./Kg. body weight (i.e. 144 ~ 156
@@ﬁiyén'an average patient welghing 60 Kg.), increased the
incidenea of abnornal discharges 1in 80% of patients with
hilaterally synchronous wave and spike epilepay. Howevei, it

wag or‘liﬁtle value in demonstrating the local changes in focal
ePilePsy / '

; )
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epilepsy, and it produced generalised fits easily, hence, it
was not considered to be a useful method. It was found
possible to activate focal abnormalities without producing

generalised changes by the injection of 5.5 ~ 6.8 mgm./Kg.

body weight intramuscularly (3.3u to 4.u8 cc. of a 104 solution

in a patient weighing 60 Kg.) pbut this technigue was not
considered to be satisfactory because it was very painful,
and the dose was difficult to control. Another method
used by them consisted of the slow intravenous injection over

a period of 5- 10 minutes of a 25 solution of metrazol, whi ch

was given at the rate of 40 mgm. per minute untll sipgnificant

abnormalities appeared, or until 4uu mgm. had been injected.
“his technique was claimed to produce focal changes in 93%
of patients with localised abnbrmalities, and peneralised
changes in 100% of patients with an exlsting billateral sharp
wave or wave and spike pattern. Kua, chanpges occurred in
71ﬁ‘of patients with focal selzures, and clinical actiVatian
was seen in 67, of this group. +hese figures are somewhat

similar to the results of Kaufman, Marshall and walker, but

the number of patients involved (21) 4is rather small to justify

accurate comparison, and in any event one of the purposes of
‘the later paper was o evaluate the efrect of the drug on
éxisting almormalities, and not to use it as a diagnostic

device. /
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device. ihese authors were still dissatlisfied with their
methods since some epileptic patients were provihg resistant
to the slow injection method. Influenced by the findings
of Kaufman, larshall and Walker, they devised a new approach
which combined the rapid injection method with the assessment

of metrazol dosage on a body weight basis. oriefly, they

~gave a rapid initial intravenous injection of 1.0 mgm./lb./

body weight, which was followed in 30 seconds by another
intravenous injection of 0.05 mgm./lb./body weight and
successive similar injections were given at 30 second intervalé
until abnormalities appeared or until 4CU mgm. had been
injected.  (In a subject weighing 16u-1bs., the initial
injection would be 1.6 cc. of a 10% solution followed by |
0.8 cc. at 30 second intervals until 4,00..had.heen'injeeﬁed),
Bven with this method, however, some patiénts remained
remarkably resistant and others had selzures which did not
resemble their habitual attacks. | |

Une interesting point in this ﬁape: is that 31 control

subjects were given an average dose of 390 mgm. metrazol by

the slow intravenbus injection method. = 0Of these, only one -'é

a schiZOphrenic ~ had a generaliséd fit, one, with a previous
history of seigzures in insulin coma therapy, showed sharp

and slow waves at 2 cycles per second, and paroxysmal slow
waveg‘appeareé in a further 6 control subjecﬁs,’but fhese did

not /-
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not appear to be considered significant. thus, 23 (74%)
showed no change whatsocever. ihese results are not

necessarily valid for the normal person, since the control

subjects consisted of a mixed group of non-epileptic psychiatric

patients suffering from various disorders which may have their
own specific convulsive threshold dose of metrazol.

An attempt to evaluate metrazol as a diagnostic
téchniqﬁe was made by noger, noger and FPirovano (1949). Khey
ekamine& a large number of potentially epileptic patients
who had normal Hud. records both at rest and following
voluntary hyperpnoew. ithey considered tha! the injection
of metrazol by the slow intravenous wmethod was superior‘tﬁ-
the rapid injection technigue, and obtained azG. findings
diagnostic of epilepsy In 40y of the patients exaemined.

A;somewhat siﬁil&r study was made by merlis,

-Henriksen and Grossman (1950), who examined 57 epileptics -
vwith normal wmg. records. They:injeeted 8 - 10 ce. of w;S%
*solution of metrazol (4C0 -Scc-mgﬁ.) in the hope of avoidihg'
:'a selzure.. lhey obtalned positiﬁe results in 475 of the
pPatients, and fité occurred im 7 patients (18.5%). Iheir
reéults are somewhat similar to those of noger, moger and |
Pirovano, but it is worth noting that they considered the
&ppearancelaf pdroxysmal high voltage slow waves of diagnéstic
?alqe as»weli as the appearance of spikes and spike and wave

activity., /
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activity. ihey considered the techniqgue to be of value

in demonstrating the unilateral origln of selzure discharges
in symptomatic epilepsy. It was noted that there was a day-
to-day variebility in thevresponse to metrazol. ihey
examined, also, 38 control subjects, none of whom showed
gseizure discharges following metrazol, but these were all
non-epileptic psychiatric patlents, and the criticisms made
already of tﬁe findings of Cure, Hasmussen and Jasper in this
conﬁectiqn are still applicable.

All these investigators have been searching for the
perfect technique which would produce HEG. abnormalities'of
diagnostic value without causing a fit, or without heing too
unpleasant for the patient. ihere was no doubt that the
dividing line between a dose which‘wouid produce only =iG,
changes and a dose which would produce a. fit was extremely

marrow. Attempts to devise techniques which would involve

~the use of very small doses of metrazol were therefore wélcomé,

‘and thus it came about that the combined technigue of photic
stimulation and metrazol injection was devised. It has heeﬁ
ShownAalready, in the preceding sections, that intermittent
PhOtic'sﬁimulatiOn could be effecﬁive in producing séiéure
discharges during KEG. examinétion, but the .idea of combining
the'twq techniques éppears to have arisen from the obéérvatiénr

by Fulchignanif‘(l938) that luminous stimulation of thelretinw
facilitated , - |
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facilitated the cortical action of strychnine in prodﬁcing
experimental epilepsy in dogs. Similarly, Gellhorn énd
Ballin (1948) in their work om picrotoxin convulsions in cats
considered that optic or acoustic stimuli applied during
picrotoxiﬁ.injection produced an increase in amplitude of the
action potentials bf convulsive activity in the visual and
‘auditory projection areas, and a spread of such activity to
other unrelated parts ofAthe brain. Clinical application
- of this knowledge was made by memond and Gastaut (1949) who
injected Sx_meiraZol intravenously at the rate of 50 mgm./
30 seconds and simultaneously applied photic stimulation at
Afrequencies between 3 and 30 flashes per second. ihey fbund‘
that the injection of 40U mgm. metrazol produced myoclonus in
the upper.limbs and a burst of symmetrical frontal sharp waves
in the normal person, Whereas'the threshold for this response
{the myoclonic response) was lower in epileptio patients.
y In the 1light of thé preceding papers on metrazoli alone, this
threshold would seem to be rather high when one considers
that two methods of stimulation are being used together.

It was noted by Gallais, Flanques and Mileto (1950)
that the mycclonic response was obtained in a group of 24
hysterical patients by the‘injection of less than 500 mgm,

‘metrazol in association with phbtic stimulation. Similarly,
Gobridl‘/*
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vorriol and Bert (1950) found that 14 out of a group of 30
schizophrenic patients were similar to epileptics in their
response to the test. Gastaut (1950) revised the earlier
estimate of kemond and wastaut (1949) stating that upwards

of 660 mgm. metrazol was necessary to produce the myoclonic
response in the normal person, and that photié stimulation

was best uppiied at freyuencies of betwee: 13 and 16 flashes
per second. He confirmed the fact that responses could be
obtained at a low threshold in idiopathic epilepsy, hysteria
and gchizophrenia, i.e., between zero and 400 mgm. metrazol.
However, it was possible to distinguish hetween idiopathic
epilepsy and the other groups siiice slow waves accompanied

the spikes iu the former coandltion simulatiamg the appearance

of wave and spike activity, and the latter groupswere character-
:ised by the appearance of polyspikes. s similar low | ]
thresho;d in association with polyspikelactivity occurred in
epilepsy secondary to diencephalic lesions. &pilepsy secondary
1o a cortical lesion (including péychomotor epilepsy) tended

to have a myoclonic threshoid‘above the normal level, hut it

was stated that a local cortical reaction often occurred at

an earlier stage, although the paper does not evaluate this
matter in detail. Indeed, it seems doubtful if this cowmbined
approach is of any value in demonstrating the site of an
epileptogenic focus, and where metrazol is necessary to elicit !

Changes /
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changes, the dose appears to he as high as, if not higher than,
the ddse used by other investigators who injected metrazol
without photic stimulation. aut Qastaut diéarms criticism
by stating categorically that thls technique is not a method
of diagnosing epilepsy, but rather‘a means of exploring certain
subcortical structures such as the thalamus and diencephalon.
In spite of these oObservations, a search for an
improved method continued, and Kemond {1952), using the term
PHCXAU, described a technigue in which metrazél was injected
intravenously in suitable dilution at a dosage of 30 uG./Kg.,/
body weight per second. OUne cc. of this solution was injected
every 30 seconds; and photic~$t1mulation was applied at 15
flashes per ;econd in the form of an orange-red coloured flash
of iO candle powerssec./sec. (at eye distance). ihe duration
of each flash was one m.sec., and stimulation was applied for
aﬁout o secoﬂds after each metrazol injection, with the eyeé
Opened and élosed. He claimed to be able to demonstrate the
é@paarancésof i1diopathic epilepsy by the use of very small
&osgs of metrazol (i.e., 0.1 - 3 mgm./Kg. (6 - 180 mgm. in a
pafient welzhing 60 Kg.), and by means of slower injection,
f.e., at the rate of 10/uG./Kg./sec. he was able to show the
foéi’of‘temporal lobe epllepsies. However, he quoted'little
evidence to support his contentians, although it is probably

too soon to evaluate the test in adequate detail. ?ihe"change

o
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of approach to a method based on bodj weipht would seem to
indicate a certain dissatisfaction with the technique used
previously; but this is not ment;uued‘by the writer. I.deed,
Gustaut (Lo52) stuted ugaln that the chief vuilus of the
cumbined approach in the fofm vt PrivuAGC was nol in Lhe
diagnosis of eplilepsy but rather to enable a distinction
between the varieties of epilepsies to be made, and to delineate
the allied disorders of hysteria and schizophrenia. ihere
is no doubt that Gastaut has used thies approach (as will be
shown subsequently) to cast new light on the function of the
thelemus and other subcortiéal structures, tut he has produced
little evidence to show that it is fin any way superior to
methods previously described in the duiagnosis of epilepsy, and
- the evidence in favour of its abliity to delineate epilepto-
tgenlic focl 1s slender indeed. However, he has stated that
with the use of PHULAG the induced convulision rate in his
clinic had fallen to 2% - a figure lower than that of most
other investigators, and therefore a factor in favour of
the test.

lhere is a wealth of experimental evidence underlying
the use of metrazol, but the work on the combined approach of

Photic stimulation and metrazol injection has heen done almost

entirely by Gastaut and his co-workers. ' However, recently

Bickford et al. (1952) discovered that the myoclonic response
of /
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of remond and Gastaut could be obtained from needle electrodes

implanted in the orbital and facial muscles without any
comparable changes appearing in the occipital cortex. This

was seen in normal subjects follbwing photo-metrazol acti-
:vation, and it was thought that it was subserved by pathways
other than the photo~convulsive response. Gastaut (1952)
countered this finding by distinguishing between the fronto-
rolandic and the fronto-polar response to rHuuAC, the former
heing cortical in origin and the latter palpebral in origin.
there the matter rests for the moment. +here 1is no doubt,
however, that both photic stimulation and the injection of
métrazol are capable, separately and together, of inducing
generalised seizure discharges.

| Metrazol was used first in medicine by reason of its
alleged stimulating action on the cardiovascular system, and
it was thought that the production of fits was secondary to
vascular changes. «hus, Zenyssen and watterson (1938)
thought that the fits were caused by vasoconstriction, and

- showed that metrazol-induced seizures could be aborted by
the use of vaso-dilatihg agents such as amyl nitrite, sodium
nitrite or histvamine. but Forbes and wason (1940) were
able to observe the pial vessels during metrazol convulsions
in experimental animalsvhy means of a cranial window. fﬁé&

noted vaso-dilation occurring, and saw no sign of vaso-

‘comstriction in the fit, It was shown further by
Libet




Libet, Fazekas and Himwich (1940) that the effect of vaso-
dilating drugs was to produce such a dilution of metrazol
in.the blood stream that it was difficuit fdr the drug to
achieve a concentration sufficient to pro&hceva fit. However,
large doses of metrazol couid overcome the efiecis of
diiuvion. dusper and srikson (4941l) thought that changes
- in cerebral blood flow and pH. values found in cats during
-metrazol convulsions were secondary to the greatly-increased
cortical activity. ihere seemed little evidence then to
support the vieﬁ that metrazol achieved its convulsion-
pfoducing effect by a specific vascular action, and there has
been even less evidence subsequently. Cook and Walter (1938)
~considered that metrazol had a. “poisoning™ effect on the
cortex, and formulated the theory that when a certain
concentration of metrazol was reached in thé brain, the
frontal areas became unstable and acted as a detonator for
the rest of the cortex which had been already poisoned by the
yﬁrug; Later, i1t was shown by <oodwin, Kerr and Lawson (1940)
- that metrazol applied locally to the cortex couid initiate
Seizure discharges in rabbits, although their latent period
Vﬁiiwuéh:longer than when metrazol was given.intravenousiy.
So far, there has been‘little evidence to show what the nature
of this local response is, but wure, Rasmussen and Jasper (1948)

Postulated that the action of metrazol was to produce a change
in /
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-tn the polarisation or permeabiliity of the nerve-cell membranes.
No definite evidence has heen produced to support this view-
:point, but no other theories of note have been advanced.

Ihe‘work reviewed already has shown that the appearances
of idiopathic epilepsy can be induced relatively easily by a
mariety of methods, indeed, more easily than the changesvof
focal cortical epilepsy. It wés remarked by wure, sasmussen
and Jasper (19483 that patients with epilepsy secondary to
deep-seated lesions showed an easy facilitation to metrgzol“'
injection similar to that of idiopathic epilepsy, whereas
patients with cortical lesians reacted much less readily.

~this observation suggested to them that the onset of the
discharges of idiopathic epilepsy might ke in sub-cortical
structures, and that the sub-cortical.regions of the brain
might be especially sensitive to activation by metrazol.

This viewboint is opposed by the recent work of Shimigzu,

wefsum and wibbhs (1952), who demonstrated that it was easier

to produce a bilaterally synchronous petit mal discharge in
thgféat by injecting metrazol into the common carotid artery
of one side, then by injecting the drug into theuvertebralf
artery én one side. It is assused that metrazol injected
into the vertébral artery would reach the thalamus and related

structures via a branch of the posterior cerebral artery,

Waereas metrazol injected irio the common carctid artery would

g /
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go principally to the cortex.  Hence the petit mal discharge
is moure iikely ﬁo be produced by the coriex thai. Lhe thalauus.
The contention of this paper that the thalamus 1s not necessary
for thevproduetiOn of a bilaterally éynchronous fhythm ignores
the possibility that such a rhythm may be due to the

interaction between cortex and thalamus. the fact that
metrazol can produce little in the way of generalised activity
followihg locél application to the thalamus is not disputed.
This has been shown already by woodwin, herr and Lawson (1940),
and Gastaut and Hunter (1950) were rarely able to produce a = .
spread of seizure discharge beyond the thalamic nuclei when
they injected this drug into the thalami of experimental |
ani@als.

another viewpoint was given by Johnson and walker (1952)
who showed that monkeys with experimental cortical lesions
had a lowered fit-threshold to metrazol injected intravenously
or applied locally. & tendency for spikes to appear mere
readily at the sites of thé lesions than elsewhere was
remarked on, but it was noted that the spread of spike activity
to the adjacent cortical areas and to the opposite hemisphere
wes extremely rapid. ishey believed that related cortical
and sub-cortical structures had been rendered more sensitive
to stimulation by reason of the lesions.

ihe /
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the effect of repetitive photic stimulation in
producing electrical discharges from the occipital cortex
which may summate to produce epileptiform activity has been
described in an earlier section (V. Part 2). There is some
evidence thdt metrazol has a more pronounced effect on this
part of the hrain than eisewhere. ihus, Goodwin, Kerr and
Lawson (194v) showed by the local application of metrazol
to the rabbit's cortex that the drug produced greater activity
in the sensory cortex than in the motor cortex. It was
demonstrated by ioman, Goodman and Swinyard (1946) that metrazol’
injected intravenously in unanaesthetisea rabbits in a dosage
50%- 75% ©of the convulsant dose produced an episodic slow
wave dysrhythmia in the visual cortex, and larger doses were
necessary to produce a spike and dome dysrhythmia in the motor
cortex. The same authors noted that the combination of metrazol
‘1njection in cats, with cénﬁripetél stimulation of the sciatic
nerve, produced an enhancement of the sensorimotor discharges
on thevcortex. In the Light of this evidence it seems feasible
that the combination of photic stimuiation and metrazol injacuon
wonld produce a greater amount of electrical activity in the
Vi?g;l cortex than either method used separately.  but whether
such combined activity would lead more readily to epileptic

discharges than either method separately is open to conjecture.
It / |
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It has been shown already that a gseizure discharge from
the motor cortex can be produced in this way (Remond and
Gastaﬁt,l949), i.e., by combined metrazol injection and photic
stimulati@n, but little was known about the pathway of the
spread of electrical activity from the occipital to the frontal
eortex. oy recording from a subcortical electrode (utilisihg
a patient with an existing burr-hole following alir-
ventriculography), Gastaut (1950) was able to show that the
response of epileptic activity to combined photo-metrazol
stimulation reached the thalamue 5 - lU m.secs. before 1t
reached the frontal cortex. In a series of experiments on
cats under nemhaﬁal anaesthesia, Gastaut and Hunggﬁﬁgﬁgwed
that the spread of response to combined stimulation was
through the lateral geniculate body to the visual cortex,
thence to the medial thalamic nuclel and the frontal cortex.
Isolation of both visual cortices by peripheral incision had
no effect on this pattern of spread, and 1t was necessary to
freeze or ablate Loth visual cortices before it could be
abolished. - ablation or freezing of the visual cortex on one
siderplus 1dngitudinal section of the corpus callosum did not
affect the pattern of spread in the undamagéd hemispheré, and
led to only a slizht attenuation of the response in the
hemisphere without a functioning visual cortex.

In /
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In another interesting experiment, they showed that
the 1ocal application of metrazol to the visual cortex
cémbined with repetitive photic stimulatiogvproduced an
~ enhancement of sharp wave activity, and suppressed all other
activity, including a very slow wave form seen previously
with photic stimulation alone. it was necessary to inject
metrazol intravenously while applying photic stimulétion
before the slow wave activitiﬁwas seen at the visual cortex,
in association with the éharp wave, or spike. Un these
findings, they indicated the possibility that the sharp-wave
or splke activity was a function of the cortex, and that the
slow wave arose from subcortical structures. As a result
of their experiments on the timing of the Spraad‘of epileptic
gctivity,'theyvpostulatgd the presence of at least three
. pathways by which the thalamus could be reached, all of which
arose from the optic tract between the retina and the visual
¢ortex. ihere is no doubt that they have shown that the spread
Of activity from the visual to the frontal cortex is not |
through adjacent cortical areas, but whether that spread is

entirely through the thalamus or not remains an open question.

Goneclusions /
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4 number of workers has sﬁown in recent years that
epileptics will have fits more readily than normel people
after the injection of a small dose of metrazol. This
fncreased tendency to convulse seems to be shared to a
lesser degree by schizophrenics and possibly by hysteriés,'
B examination ia cowjunction with melrazol 1njection has
lent some coanfirmation to this belief. This hae shown that

metrazol injection will produce slow waves and splkes which

may appear separately or together, and which may be focal

or generalised. Opinions vary about the significance of
slow activity. wome writers considered that its appearance
- was a diagnostic sign of epilepsy. Howaver, a more

conservative viewpoint would give slow activity a diapgnostic
connotation, only if it appeared in relation to a focal
abnormality. ihere 1s ample evidence to show that the
- use of metrazol Is of some value in delineating focal
abnormalities, but these local changes tend 1t¢ become
generallised very rapidly indeed, which rather limits the
value of the technigue. |

<he ability to induce generalised wave and spike
activity is one which metrazol shares with other provocative
methods, notably, voluntary hyperpnoea, insulin hypogi;yéaz,emia,

forced /
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forcea hydration and photic stimulation. 1 these different
methods various modes of action have been ascribed from
élteraticns in the function of the nerve cell to hyper-
:synchronisation of thalamo-cortical rhythms, most writers
are agreed thét wave and splke activity induced by these
methods occurs very easily in epileptics, but there 1s some
evidence to show that it may occur almost as easily in

certain schizophreniecs and hysterics. A recent paper by
Smith, aAnderson, Healey and ureenblatt (1952), claimed that
the rapid intravenoﬁs injection of 150 mgm. metrazol (or, in
some cases, a slipghtly larger dose), produced wave and spike
abtivity at 3 cycles per second ia 33 per cent, of a group

of 48 non—epilepticvpsychiatric patients. that response

may well be the reaction of the schizophrenic or hysterical
| patient. Again, it is possible that there is a normal
distribution curve of metrazol sensitivity in the population
at large, but from the fizures of all the investipators quoted
above there seems to be no doubt that epileptic patients tend
to cluster on the initial rise of the curve.

the combined approach of Fhomac is of great interest,

But one would have expected an easier facilitation of epileptic

discharges, by this method. Since this iz not so, it is
Possible / |
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~possible that epiléptic patients are divided into groups
which include séparate photic-sensitive and metrazol-sensitive
divisions. vne important asset of the combined method 1s
its exiremely iow selzure production rate. |

"“he work of Gustwut and Huntver (1950) would seem to
suggest that the spike, of spike and wave activity, arises
from the occipital cortex, and the slow wave from subcortical
structures.  this viewpoint is an intefesting one; but 1t
does not explain the Initial appearance of a unilateral
cortical slow -wave digcharge in focal epilepsy. It does

not fit in elther with the work of Jasper and Lroogleever-

Fortuyn (1947) who produced spike and wave activity at 3 cycles

per second by electrical stirmuiutici of the massa intermedia
of the thalamus three times per second. 0f course, it may
be argued that Gastaut and Hunter's results were due to the
method used, namely, photic stimulation and metrazol, and
that their results were specific only for that method and

could not be applied to other aspects of epilepsy.
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VII.
MISCELLANEOUS _MEIHODS.

This section is concerned with reviewling a collection
of papers on various methods of provoking epileptic phenomena.
The series is not necessarily a completely comprehensive one.

One of the earliest observations was by astley “ooper
(1836), who showed that 1if the vertebral arteries in the dog
were tied off,'subaequent carotid compression produced
convulsions. +he injection of 2‘drops of absinthe 1hto the
jugular vein of an anaesthetised animai was noted to produce
a fit bj Gotch and Horsley (1891). +he local application
of creatin or of cane sugar to the cortex of animals resulted
in convulsions, as was discovered by haxwell (1906), who
thoughﬁ that the fits could not be due to these substances
alone, because of the marked latency of the response. +he
value of strychnine in facilitating reflex discharges from
the cortex was described by ammantea {1921). Lithium salts
in the form of the iodide, sulphate or perchloride, were found
by Moracci (1931l) to have an epileptogenic action when applied
to the cortex of the dog.

vamphor has been knoyn to have convulsive properties
for many years. wedicinal doses of camphor monobromide
Produced fits in two epileptic patients described by nadovici,
Schachter and Kisiléy.(l957). High voltage waves followed by
seizure discharges were noted during EaG. eiamination of four

epilept,ic /
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épileptic'patisnts who received an 1ntravenous'dose of

0.5 - 1 c.c. of a camphor preparwtion (homocawfin) (Glhbs,
sibhs and Lennox (11)(1937). acetylcholine injected
1ntravenbualy was shown by willlams (194k) to increase the
amount of epileptic activiiy i.. epiieptic patiants during ouwa.
examination. frrostigmine and large doses of eserine also "
servad‘to enhance petit mal activity on the BEG (Wililams and
russell, 1941). It is possible that this result is due

to the presence of acetyicholine in quantities greater than
normal in the braiu. acetylcholine in excessive amounts

has also been implicatea as the cause of selzures in dogs fed
on agenised (bleached) flour (Belford and ©onuycastle, 1950),
It is suggested that nitrogen trichloride, the bieaching agent,
produces an increased synthesis and consequent accumulation

of acetyicholine. «he story of the eplleptogenic qualities
of égenised flour is of some interest.  #iriksou, Giison,
Elvehjem and isewell (1947) had observed EEG abnormalities in
‘dogs fed on a commercial preparation of wheat gluten. In one
animal, large»slow waves and spikes were seen, and the general

impression of the abnormalities was that they resembied the
1hter - f
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fnter-seigure BEu. findings in epilepsy in humen beings.
ihese writers weré unaware of the significance of this
discovery, and they were also ﬁnaware, at the time of writing,
of the observation by Mellamby (1946) that canime hysteria -

or convulsive attacks in dogs - could occur in animals fed

on bread made frow flour which had been bleached by nitrogen--

:trichloridé (agene). o attacks were seen in dogs fed on
untreated flour. EEG. aknormalities of an epileptic type
were seen in dogs fed on a diet of flour hleached by nitrogen-
’trichloride (silver, zevin, Kark and Johnson, 1947), and
similar changes were observed in animals fed on a diet of
amino acids treated by nitrogen trichloride (Silver, Monahah
and Klein, 1947). iherefore, it would seem reasonable to
assume that nitrogen trichloride was an epiieptogenic
substance, and that flour bleached by this chemical (agenised)
could bring about convulsions in dogs. .

Some other drugs have‘been found recently to have
eplleptogenic properties. It has been shown by buff and.
Hutchinson (1952) that l-noradrenalin can increame spike and
wave activiﬁy in epileptic patients, whereas adrenalin is |
ineffective in this way. +he group of patients examined
all showed a similar increase in epileptic activity following

overbreathing. atebrine, used in the treatment of

malaria /



malaria, was found to have a. convuisive effect in seven
patients described by Lewell and Lidz (1946), although only
one of these patients had a previous history of fits.
streptomycin, when applied to the cortex of experimental
animals, produced convulsions (wuckle, wniebenow and Urth,
1047). It was noted further that the tendency to convulse
increased proportionately with increases in the potency of
the drug. Scopochloralose - a combination of séopclamins
and chloral - was considered to be a drug of value in the
dlapnosis of epilepsy by Délay, Baruk, verdeaux and Verdeaux

(1950). . It produced drowsiness, and was thought to be

efficacious in delinéating'iﬁﬁ~ahnormalities of a focal nature.

Conclusions. /
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Uonclusions.

The only definite conclusien to be drawn from this
assembly of information is that fits can be induced by a
very wide varicty of agents which have but llttle in common

together. ihe view that acetylcholine in concentrations

greater than normal will tend to produce fits is an interesting

one.. It is worth noting that in the section on voluntary
hyperpnee a, errow and his co-wofkers claimed that the
cerebral instability produced by this test was due in part

to an inadéquate supply of aeeﬁylchéiine. However, neither

viewpoint necessarily excludes the other.




CLIMTCAL INVESZIGATLUN.

B - The patients described in the following sections
were examined hy at least one of the methods detailea below.

INSULIN HYPOGLYCAEMZA: This was used etfectively on one patient
only,Mr .G, A.L.,who was having insulin coma therapy for schizo-
-phrenia and who was given a standard coma dose of 200 units
soluble insulin,intramuscularly,on the day of the test.

*SECUNAL"SLEEP: The preparation of secobarbital sodium,made by
Eif Lilly & Co.,was used in the way described by wyke(I950):an
oral dose of three grains was given to an adult and one and a
half grains to a chéld.The dose was repeated if sleep changes did
not appear in the record within forty winutes. .

HETRAZOL: This was given.accaraing to,the method descriheu by
Cure,Rasmussen and Jasper(I948),in a foat-note %o their paper,
This was as follows:a 107 solution of Metrazol was used,(this

was supplied by a variety of makers and was known variously as
cardiagol,leptazol,metrazol,etc.,).Five cc. of the solution was
drawn up into a. graduated.syringa The solution was injected intra-
-venously and the dosage given depended on the patients body-
-weight.It was O.I mgn./lb.fnitlally,and 0.05 mgm./lb.,at 30 second
intervals until 400 mgm. had been injected or until epileptiform
abnormalities had appeared.’hus if the patient weighed I40G lbs.,
an initial injection of I.4cc.was given,followed by injections

of G.7cc. at half minute intervals.(bome of the non-epileptic -
patients were given slightly larger amounta of the drug.)

PHUTIC STIHULATION :This consisted of repetitive flashes of high

intensity from a gas filled tube which gave a blue coloured light.

The machine used was a standard Scophony=saird ‘strobhoscope.stimuti
were applied at' all frequencies between four and twenty glashes per
second,the patient having the eyes closed throughout,and then the’:

procedure was repéated at each freruency,the stimuls’ being applied‘f

at the moment of eye-closure.If metrazol had Leen given,without
Success,photic stimgli at freguencies hetueen 13 and 18 flashes
per sec. were g;ven,agmln,ut uimes to coincide witn gye-closure,

T

SCOPA-CHLORALOSE/
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§COPO-CHLORALOSE: This was given orally as described by
Delay,Baruk, Verdeaux and Verdeaux(I950).The record was
followed for one hour after the drug had been given.

vt e b = r T —————_———

ADDITIONAL wwimS: (I} Voluntary Hyperpnoes had been used
on all the patients described prior to referral for these
tests.It had not been of diaznostic value in any patient,

(2) ihe two patients who had seizures following oral*Seconal®
should not have been included,strictly speaking,among those
vith normal restiny records.However since they received neither
photic stimulation nor metrazol, their inclusion there does not
invelidate the test results for these latter drugs.ihere is no
doubt that these findings with "Seconal" were of great clinical
value., :

e
(3) as will be seen,tie patients were examined On a variety of
EEG machined,1hese were as follows:(a) Six-channel Kdiswan,
(b) three-charmel Grass,(c) a two-channel apraratus,made by the
technical staff of the audsley Hospital and{d) a six-channel
épparatus made by the technical staff of $t.Thomas’ Hospital.

In the case of the two- channel apparatus it was
not possible to record photic stimulat:on,simulfaneously by
méans of a selemium cell,as with all the other machines.Therefore
a traceing of photic stimulation at the appropriate frequencies
has heen superimposed on the two-channel records,in order to
demonstrate the pattern of events rore graphically than the notes
Pencilled on the record would have done. _ o
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The pstients described in the following pages consist

of a small group who showed epileptiform abnormalities
on eoutine examination, Phe action of the provocative

methods on them is described,
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Nfast er D.T. (14)

This boy was a mental defective who had suffered from epileptic

fits since birth, There wag no relevant family history.

His development had been extremely slow , He fxad been a2scertained

ag a defective and was considered to be at the idiot level,

Since in-fenoy he had had frequent fits,At first he had had

minor attacks in which the loss of consciousness was only momentary,

but in recent years he had been having major seigzures

characterised by a tonic phase,followed by a clonic phase and

associated with tongue biting and incontinence., He had not
responded adequately to treatment with epanutin and phenobarbitone
and his attacks were reasonably controlled only by a bromide mixture,

On examination:- there was no physical abnormality

of note,Mental examination was difficult in view of his mental
defect but there seemed no doubt that he wae an idiot,
Special Iinvestigations:~ Bkull X~Ray was normal ,EEG:-Phe resting

record showed frequent bursts of bilaterelly synchronous, atypical
spike and wave activity,Photic stimulation at 6 f,p.s., produced

<. such a burst of abnormal activity and was followed by a major '
‘selzure,

Progress There was no doubt that he was suffering from epilepsy
‘which the records suggested to be idiopathic in nature,

- - ——
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wiss w.m. W. (1O} 15.11.44.

Reason for referral: A complaint of nervousness, backwardness
and faints of recent onset.

Family history: there was no relevant.abnormality.

Personal history: She was an unwanted child, but her birth and
early development were noraal. She had suffered severely from

a number of iiluesses, including wmumps, german measles, chicken-
pox and acidosis. She had been at school since the age of five,
but her performance had been poor.

Previous personality: she was an affectionate, friendly
child, who was no%t afraid of air-raids as she was tou young to
understand their significance.

History of present illness: She had had three attacks of fainting,
one two years earlier and two in the previous six months. In

the attacks, she became unconscious, and her eyes were slightly
glazed. They were thought to be hysterical in nature.

On examination: o physical abnormality was noted, apart from
the fact that her heart rate was rather rapid. = Mental: She

was a backward, dull child, who showed some stereotypy of
behaviour. -

Special investigations: I.Q. 71. w8G. - & paroxysmal
appearance which was suggestive of idiopathic epilepsy.

Progress: 1In w~ecember, 1944, she had a fainting attack in which
it was noted that her heart rate was about 16U per minute. wir
Adolphe Abrahams saw her, and made a diagnosis of paroxysmal
tachycardia which interacted with her cerebral dysrhythmia to
produce epileptiform attacks. It was recommended that she
should be admitted to a school for mental defectives, and if
thought necessary she should have anti-convulsant medication.
Subsequently, in 1947, she was admitted to Lingfield mpileptic
Uolony, where she remained reasonably free from attacks on
gP&RUtin gr.1ls b.d. In Lay, 1949, she was seen in a faint
in which she was grey and pulseless. Her admission to the
miudsley Hospital for further investigation of this attack took
§ ace in October, 1949, when she was fifteen years old. It
t;: goted then that she was showing signs of pubertal changes with
ber 2ve10pment of hirsuties on the limbs. Her general
sho:vdour was unchanged. A skull X-Ray and air Encephalogram
the ®d na changes of note, but BEG. examination demonstrated
ot fgresence of bilaterally synchronous spike and wave activity
fncre:g‘cycles per second, the incidence of which could be
But g €d by photic stimulation at @ighteen flashes per second,

' 00 changes in pulse or respiration rates occurred.

~Her /




85

-Dw Cwiss  h.k.5. (contd.)

Progress (contd.)

© Her E.C.4., showsd some paroxysmal fast asativity, bul was
otherwise normal, Her intelligence level had provably remained
fairly static, and her performance was now - Wechsler, verbal
1.Gs 58, performance I.L, 43 and full-acale I.0, 45. Perimetry
showed & right nasal guadrantic defect. '

It was noted that if her maintenance dosage of epanutin gr.l}
bed, was redaced sradually, bwo types of attack ensued: (1) in
which ghe nad e parcoxysmal tachycardla, the heart raie bolng at
140 per minuto, This type of attack lasted for ten or fifteen

‘minutes., (i1} In whieh she collepsed, showed murked pallor,
dilated pupils, her heart sounds were imperceptible and respiration
ceased. nespiratlion rocommenced in aseociution =ith a

generalised vagso-dilstation. ,

. 8he was sent tou #alda Vule Hospitul for Nervous Piseases,
where the Alr Nncephalogram was done. Tt was thought that she
#ight heve hud o lesion which anglography might have reveuled,
‘but this was considered a risky procedure in a patient ¢f this
type, and so 1t was not done,

- After these investigations, she returned to Lingfiecld spileptic
Gelony. Frovisionally, she was considered to be a mental
defective who wus suffering from idiopathic epilepsy in wmhich

the dlscharge of electrical activity was through the hypothalamus,
In the attacks in which cardiac arrest appeared to ccour, it was
thought likely that a massive, sympathetic discharge was taking

' Place, in whioh the heart was fibrillating too rapidly for the
sounds to be heard. ”

. On reaching the age of sixteen, she left iingfleld. She was
%ten agaln in out-patients in January, 1951, when she was put on
sparutin gr.li b.d. she continued to¢ be reletlvely free from
8tacks, but in June, 1951, she had an attack ac she was leaving
3 tlnema, and dled.

At post-mortem, a pineal oyst was found to be blocking the
Aaneduct of Sylvius,

S e e i W A




The use of the various provocative methods on a group of
epileptic patients who had shown no abnormality on
routine examination,is described in the following pages,
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‘:l\i]..iss eV (13) 20.4.50.

[
]

neason for referral: the investigation of fainting attacks
which she had had since infaney.

Family history: =0th parents were rather elderly, the
father being 65 and the mother, a very nervous woman, 53.

Personal history: Her birth was normal, and apart from the
fainting attacks she had had no serious ill-health. ohe
had been rather backward at school. menses began at the
age of twelve.

History of present illness: Shortly after birth, she hegan
having atiacks i.. which she stared, clenched her fists wna
Becase cyasuvsed. She was never iscouatinent in these
attacks, which continued at regular intervals. Often, she
had as many as three attacks per day. At the age of eight,
fainting attacks began, which occurred even if she were
sitting down. at the age of twelve, after the onset of the
menses, she displayed a marked interest in the opposite sex.
She began to wander away from home, and on one occasion she
stole 43 from her father. Her parents charged her before
the magistrates as heing in need of care and protection, and
she was transferred to the siemand Home. whe was placed on
probation, provided that psychiatric treatment was given.

On examination: +here was no physical abnormality, and she
appeared to be a friendly, cheerful girl.

Special investigations: intelligence: uatrices I.Q. 95.
slG. - +he resting record contained a dominant alpha rhythm,
but some fast and slow activity was present also. Photic
stimulation produced no change, but the injection of 300 mgm.
metrazol produced a burst of bilaterally synchronous spike
and wave activity.

Frogress: iollowing the above tests, she was considered to
Be suffering from idiopathic epilepsy, end in June, 1950,
treatment with epanutin and amphetemine sulphate was begun.
Ihe attacks ceased almost immediately, and when seen last in
March, 1952, there had been no further recurrence of her
Tits of fainting. She was about to leave school to start
WOrk as a hook-binder.

T
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