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INTRODUCTION. 

That convulsive seizures may follow injuries to the head 

was probably known by pre-historic man. Nevertheless, des

pite the age-old recognition of the relationship between head 

trauma and certain forms of epilepsy, and despite the untold 

investigations into the treatment of this unfortunate sequela, 

amazingly little progress has been made in an understanding of 

the underlying cause and the basic principles of therapy. 

Adapting the definition of Lennox and Cobb (1928) asap

plied to the entire field of convulsive seizures, we may limit 

ourselves to a discussion of "a syndrome characterized by the 

sudden appearance of paroxysms, of which convulsive movements 

or loss of consciousness or both, are a principal element", 

but which, in the class of convulsions under discussion are as

sociated with definite and demonstrable injury of the brain and 

its envelopes, due to violence. 

The work herein reported comprises an integral portion of 

an experimental attack upon the problems presented by post

traumatic epilepsy which is being carried on in the Department 

of Neurosurgery. Briefly the thesis underlying the attack is 

as follQws: 1. Nervous oontrol of the vascular supply to the 

brain must be regarded as an experimentally proven fact (Cobb 

and his group 1928-1930, Hassin 1929). 2. The vasomotor 

mechanism of the epileptic seizure as discussed by Hughlings

Jackson and elaborated by A.E. Russel (1909) and others becomes 
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therefore, a physiologic possibility through nervous reflex. 

3. A contracting cerebral cicatrix, by pulling upon the vaso

motor nerves incorporated in the scar could, theoretically, 

initiate a nervous reflex which, by causing a vasomotor change 

would in turn initiate an epileptic seizure. Some authors ad

vance the theory that the vasomotor change gives rise to cere

bral anaemia which is considered to be res}:onsible for the sei

zure. If the anaemia were local the resulting convulsion would 

in all probability be local; if it spread slowly Jacksonian 

epilepsy might result, while if the anaemia rapidly became gene

ralized a full convulsive seizure might take place. 

There is as yet, however, no unanimity of evidence as to 

what the change subsequent to vasomotor activity may be. 

If, then, the cerebral cicatrix may Justly be regarded as 

the immediate cause of the epileptic seizure, the surgically 

clean removal of the scar should prevent further attacks if re

moved at an early enough date in the course of the convulsions. 

The experimental attack readily suggests itself. It was 

planned to take a series of animals, establish in the individual 

animal the minimum convulsant dose of one of the standard convul

sant drugs. Thereafter wounding of the cerebral substance was 

planned for one group with the expectation that the convulsant 

dose would be lowered. In another group surgically clean remo-

val of blocks of cerebral tissue was to be attempted, with 
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establianment thereafter of the post-op3rative convulsant dose. 

It was hoped that it might be possible by comparison of the 

post-operative doses of the two groups, and by a study of the 

structural histology to establish a significant difference be-

tween the groups. Later, after determination of the post-

operative threshold in the wound animals, excisions of the 
'Lf'-scarred area were to be done with subsequent~determination of 

the minimum convulsant dose. 

A further suggested field of study, but one which cannot 

concern us in this paper, is the question of the presence of 

vasomotor nerve fibrs upon the cerebral vessels themselves, as 

distinct from the pial vessels. Then for therapeutic reasons 

the sources of any f1bers to the cerebral vessels, pial or deep 

cerebral, require determination. Finally the presence of vaso-

constrictor fibers in the sc&r itself, or in the meningo-cerebral 

cicatrix, stands as a necessary support to the completeness of 

the study. All of these latter questions must await another re-

port from the Department. 
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Early Historical References. 

In the Broca Museum in Paris are trephined skulls of neolithic 

man which Broca argued as evidence of fanciful, ritualistic or re

""' ll t.~cf ligious procedures. ~ Victor Horsley aP~Qa that the trepanations 

were in some instances attempts to cure Jacksonian convulsions 

( Ballance 1922). These may well have been traumatic in origin. 

Hippocrates pointed out that a blow on one side of the head might 

be followed by contra-lateral paralysis or convulsions. The evi-

dence that he trephined for such conditions seems not to be defi-

ni te. Likewise, although Celsus and Galen both used the trephine, 

that they did so for the treatment of post-traumatic epilepsy is 

doubtful. References to trepanation for abscess and for fracture 

of the skull are frequent in the writings of the thirteenth, six-

teenth and seventeenth centuries. Percival Pott (1713-1788) indi-

cates clearly that the symptoms following head injury are due to 

brain injury, not to the fracture of the sk~ll. Jean Louis Petit 

(1674-1750) lists as indications for trephining: fracture, uncon-

sciousness, hemorrhage from the nose, mouth and ears, paralysis and 

convulsions, and he states tM1t trephining should not be done to 

cure convulsions but to remove the particular cause of them. 

Ballance quotes a detailed statement of Peter de Marchettis of 
et.: 

a case reported in 1665 ~edico-Cirugicarum, Obs. vii, p.ll). 

"I remember having a consultation with the famous D. Julio Sala, 

professor at Pavia, about a man who had been wounded in the head 

with a dagger. Hot only was the bone injured, but the membranes 

and even the brain. The external wound'had been treated by certain 

practitioners and a cicatrix had formed. After two or three months 
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the patient was troubled with epilepsy and had a fit twice or 

three times a month. When asked by Professor Sala whether he 

had ever had an injury to the head, he replied that he had and 

pointed out the place. I immediately inserted a probe beneath 

the crust and found a penetrating wound and proceededat once to 

operation and the opening of the parts. The rext day I applied 

the trephine; yellow pus escaped. For twenty days I applied 

over the brain ble:.ck western balsam with the use of which the 

wound granulated, and in thirty days the patient was cured of his 

wound and of his epilepsy." Such a clear description of a head 

injury followed by convulsions requires no comment. 

Writing in the next century Astley Cooper in his Lectures on 

the Principles and Practice of Surgery relates a cure of Jacksonian 

epilepsy by the operative removal of a spicule of bone. The epi

lepsy began six months after the injury. Because of increase in 

the number of attacks decompression operation was done in 1822 -

seventeen years later the man was still attack free (Cutter 1930). 

George James Guthrie {1785-1856) British surgeon in the Peninsular 

War, recognized that "local pain c.nd epilepsy may follow fracture 

of the inner table and require operation" ( BaJ.lance). Larrey 

( 1766-1842), Napoleon's surgeon general, makes frequent mention 

of traumatic epilepsy and relhtes one case of cure (Cutter). 
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Wells, writing in 1812 (Cutter), clearly describes the case 

of a negro who sustained a right parietal depression, subsequently 

had fits and hemiplegia. Trephining resulted in practical disap

pearance of the hemiplegia but the patient was still liable to con

vulsive seizures when excited. Benjamin w. Dudley, professor of 

Surgery in the Transylvan....,..ie. 1\~edical School at Lexington, was the 

first American surgeon to give special attention to trcumatic epi

lepsy and its cure by decompressive operation. Between 1818 and 

1827 he reported five cases. All of these cases had too short 

follow-up periods for azwsignificance to be attached to the results. 

Bright (1836) deserves mention here because his is the first 

clear description of "Jacksonian" epilepsy - al thouth not due to 

trauma but rather to a VL.sculo_r accident. 

John S. Billings, the founder of the Surgeon General's Library 

at Washington, in his first published me~al article OB61) wrote 

on "The Surgicc...l Treatment of Epilepsy" (Cutter). He lists seventy-

two cases of decompression with sixteen fat&lities, forty-two repor

ted cures, four cases unimproved, the rem8ininc ten were cla~ed as 

improved although not entirely relieved. At least some of these 

cases were of traumatic epilepsy for he includes Dudley's cases. 

It is with the pioneer work of Fri tsch and Hit zig ( 1870) , mark

ing out certain centers of the brain by electrical stimulation, and 

by the more exact work of David Farrier { 1881) using the same ne thod·s, 

that the modern period of study of cerebral physiology was introduced. 

With the many studies during the earlier years of the nineteenth cen

tur, of the problems of convulsions were now combined the results of 

modern physiologic methods. Leonard Hill, Victor Horsley, Hugh-

lings-Jackson were among the many leaders who lent their enert_ies to 
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the study of convulsive seizures. With the passing of time m~e 

and more of the problem was unfolded, with the results to be seen 

below. 
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The Centers Involved in the Epileptic Seizure. 

The experimental evidence accumu~ed in the last centur.Y and 

the first decade of the present one concerning the centers involved 

in epileptic seizures was well summarized by Luciani (Human Phy-

si o 1 o gy 1915) • It was his conviction that direct or indirect sti-

mulation of the motor cortex is responsible for the epileptic sei

zure and that the excitation of the bulb is a not indispensable fac

tor, probably serving in only an accessory, complementary fashion. 

Experimental work reported since the publication of Luciani's 

Physiology has required a recasting of conceptions. Briefly stated 

the evidence now at hand indicates that ablation of the motor cortex 

results in a raising of the threshold for convulsions, whereas minor 

wounds cause an irritaiive process with a lowering of the threshold. 

The latter fact has been well known for a centu~ as will be detailed 

below. 

In ablation experiments Pike and Elsberg (1925) determined a 

number of ~inent facts. They found that both tonic and clonic 

convulsions follow the administration of absinthe subsequent to the 

removal of one or both motor areas, "if an interval of time suffi

cient for return of good locomotor function is allowed to elapse 

after the experimental operation •• When only one motor area has 

been destroyed, there may be more tonic extensor spasm on the side 

which has been deprived of cortical influences, and slight extensor 

rigidity may be roficed for a short period after the convulsive phe

nomena have ceased. The greater susceptibility of the uninjured 

area is shown by the rolling of the animal to the side of the unin-

Jured hemisphere during the absinthe convlllsions". 
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Dandy (1927), failing to heed the warning of Pike and 

Elsberg and apparently unmindful of his criticism of Cobb's 

acute experiments with thujone (Dandy and Elman 1925), per-

formed stimulation experiments immediately after bilateral abla

tion of the motor cortex. He found that convulsions could not 

be produced no matter what part was stimulated nor what strength 

of elrectrical current was used. He concluded that clonic convul

sions without the participation of the motor cortex are impossi

ble. 

Sparks ( 1927) found that the ran oval of one motor cortex 

raises the minimum convulsant dose of thujone although clonic 

movements persist bilaterally. 

Muncie and Schneider (1928) removed large portions of the 

cerebral motor cortex from one or both sides and found that the 

minimal convuls~ dose of oil of wormwood for their animals (cats) 

was thereafter one and a half times greater than formerly. The 

convulsions were bialeral even after removal of the entire motor 

cortex of one side. There was observed, however, a weakness of 

the contralateral side. No spontaneous convulsions were observed 

in any of the operated animals, eleven in all, over a period of 

several weeks. That extensive cortical abls.tions cause a "hypo-

sensitivity" to convulsive agents in contrast to the "hypersensi

tivity" caused by cerebral inJuries, even minor ones, was first 

clearly indicated by Muncie and Schneider. The observation is an 

importe;_nt one and deserves further confirmation and extension. 
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IRndy and Elman ( 1925) __ summarize the work of a long list of 

investigators who have produced convulsions by central nervous sys-

tern injury. Brown-Sequard (1851) traumatized various ~arts of the 

neural axis and found that "lesions of the medulla, the cerebral 

peduncles, the corvora quadrigemina, or even injury to the sciatic 

nerves, were sufficient to cause convulsions". Westphal (1871) 

produced convulsions in rabbits by gently strikig their heads. 

Luciani (1878) found that spontaneous convulsions followed extirpa-

tion of the motor cortex, beginning on the side contralateral to the 

cerebral defect. A latent period varying from three day~ to eighteen 

months was required for the appearance of the convulsions, a monkey 

developed symptoms in three days. The attacks among the animals 

' became more frequent and more severe and only ~wo of fifty cats and 

dogs escaped death in status epilepticus. Goltz (1892) performed 

extensive extirpation experiments which resulted in the development 

of convulsive states. His dogs generally died in status e~ilepticus 

within an interval of a few months. The extirpations were not limi-

ted to the motor area but involved the occipital and temporal lobes 

as well. Laborde (1895) produced spontaneous convulsions in two 

frogs - in one after removal of a large part of the fore-brain, in 

the second after a needle prick of the corpora restiforma. 

Sauerbruch (1913) usinL cocaine as a convulsant, found that 

monkeys and rabbits are much more susceptible to convulsions after in-

Jury to the left motor cortex, only one-fifth of the convulsant dose 

being required. 
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Syz (1923) cites the work of Barbour and Abe1 who f'C?und that 

fatigue, cold and subminimal doses of acid fuschin produced con

vulsions in frogs following brain injury, often of a trivial nature 

such as a simple brain prick. Syz himself concludes that injury 

to the brain, even as minor as a prick, causes increased absorption 

of convulsant dye. 

Cobb (1922) found that two to three times the normal dose of 

thujone was required to produce convulsions in decerebrate animals. 

These were acute experiments. 

Dandy and Eiman (1925) performed simple extirpations of the 

co~tex or subcortex over the Rolandic area, the occipital lobe and 

the cerebellum. In some cases a simple incision was made in the 

brain substance; in other areas a small foreit_·n body was imbedded. 

Absinthe was eiven four to twenty weeks after the operations. Only 

one-third to one-seventh of the dose of convulsant drug was required 

post-operc..tively. "The experiments show conclusively that injury 

to the cerebellar and occipital lobes is i'&.r less e.rfective in mSdng 

the animal susceptible to convulsions, than is injury to the motor 

cortex. They also suggest that less absinthe is required to induce 

convulsions in occipital and cerebellar injuries than in the normal, 

but •.•.••• we are not willing, with the limited evidence at hand, to 

draw a positive conclusion in these cases." 

Muncie and Schneider (1928) found that minute injury to the 

motor cortex of cats resulted, after several weeks, in the development 

of a hypersensitivity to wormwood oil, only half the previous dose 
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being required to produce convulsions. Injuries to the spinal 

cord had a similar effect. The cerebral injuries consisted of 

small puncture wounds in the motor area of three animals, none 

of which developed spontaneous convulsions. In these animals 

the prodromal signs were less marked, the convulsions were not 

so severe, and the exhaustion was not so great following the at

tack as in normal animals. In the animals deprived of extensive 

areas of cortex, and in whom larger doses (approximately half 

again) of convulsant drug was required, the prodromal signs were 

more strikin~, the convulsions were more severe and the exhaustion 

more extreme than in controls. 
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The Tonic and Clonic Elements mf, Seizures. 

Many authors have felt that the cortex is responsible for the 

clonic phase of convulsi.ons. "There was a complete absence of the 

tonic phase of the convulsions when the animal was kept under light 

ether anaesthesia. This was probably due to a lowered irritabili-

ty of the cortical or subcortical mechanisms which are responsible 

for this phase." (Mu.ncie and Schneider 1928). 

Martin (1926) argues that the tonic stage was shown by Cobb 

(1924) with electromyograms, to be a tetanic state rather than one 

of increased tone. Though fits with the tonic element can be pro-

duced by cortical stimulation, similar fits occur in infants \vith 

unmyelinated pyramidal tracts, and therefore with a presumably func-

tionless motor cortex. In his opinion there is nothing to suggest 

that the adult fit is any different from that of the infant. The 

clonic phase presentsalternate motions of the lower limbs similar to 

spinal reflexes.) of the upper limbs similar to those seen in quadri

plegics only when cortical control is removed, of the face and Jaw 

as seen in decerebrate animals. While all of these movements can 

be produced by cortical stimulation, he feels that~t unnecessary 

to invoke cortical activity in explanation of them. 

lifyematsu and Cobb (1922) concluded that: 

(1) 

( 2) 

( 3) 

Convulsions can be discharged from any part of the neural 
axis. 
Much smaller doses of convulsant drug (wormwood oil) are 
required for normal animals than for spinal preparations. 
After decortication, decerebration and spinal cord section 
the clonic movements are of slower tempo. In the latter 
case they are rapid above and slow beloYf the cord lesion. 
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Lennox and Cobb (1928) conclude, "Fits can be set off by sti-

mulation, or by disturbances such as anaemia, of various parts of 

the central nervous system, ~d oo nvulsions may occur ·after removal 

of the cortex and even in the isolated cord. Thus. one must .return 

to the more general conceptions of etiology ahd consider focal le

sions as the cause only when it is obviously indicated by the sympto

matology and pathology". 

Pike et al (1929) arrive at a conclusion similar to that of 

Lennox and Cobb, that under varying circumstances convulsions may 

be released from various levels. They adduce support for their 

argument from etudy of the convulsions of animals of lower phylogeny. 

Numerous other observers, Uyematsu and Cobb (1922) and Pollock {1923) 

among them, have reported experimental convulsions originating at 

various brain and cord levels. 

A striking new conception of paroxysmal seizures, involving the 

autonomic centers, was suggested by Penf'ield (1929) after observation 

of a clinical case of recurrent waves of sympathetic disturbance 

caused by a tumor lying in the diencephalon - "diencephalic autono-

mic epilepsy". It irovides another example that paroxysmal distur-

bances may arise from many of the nuclear masses of the brain other 

than those of' the cortex. 

So to Hughlings-JaCkson's amazingly advanced views (1883) of 
•• three kinds of convulsions "true epileptictt, epi~eptiform,e.nd pontine 

and medullary, must be added recognition of still other convulsive 

levels. 
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The importance of bearing in mind the above conclusion lies 

chiefly in the value of a broad conception ·Of traumatic epilepsy. 

It is unlikely indeed that the entire story is told when the dura 

T is turned back and the surface of the cortex exposed. he pre-

sence of a normal appearing cortex does not at all rule out the 

possibility of a deep-lying cicatrix. Nor would it seem necessary 

to assume that when an area of scar is removed epileptic seizures 

need necessarily cease, or even be lessened in frequency or severity. 

It is too easy to think loosely and to forget. that the cortical 

scar may be·_only one of the discharging areas in a brain whose phy

siology_is disturbed. This warning must be horne in mind particu

larly in long standing cases, those which "have acquired the ~pilep

tie habit", whatever that term may mean. In the present discussion, 

however, we are concerned only with the more obvious cicatrices pre

senting at the surface of the brain. 
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REVIEW OF THE LITERATURE OF POST~TRAUMATIC.EPILEPSY. 

A review of the literature of this subject is fraught with 

great difficulty. In the first place there is not general una

nimity of opinion as to the definition of traumatic epilepsy. 

Secondly, there is not agreement among the various authors con

cerning the division of cases into generalized and Jacksonian 

types, and the relative importance of trauma in the production 

of both. Thirdly, the figures of incidence vary from three to 

around sixty per cent, an indication of the unreliability of the 

gathered statistics. Fourthly, because of the etiology of the 

disease is so obscure the t:r .. erapeutic attemrts have been legion, 

and throughout a good deal of the litercture the therapeutic re

sults have been grouped regardless of the pathology found at opera

tion and of the operative attack employed. Finally, and herein 

lies the crux of Cll attempts to arrive at an adequate Judgment 

of any therapeutic attaclc studied from the clinical point of view, 

the study of the individual case is of greater value than the 

mass study of a series. The possible permutations of the various 

factors involved ~re too numerous for application of group study. 

Putnam ( 1901) indicated this when he wrote, "Such compiJa tions have, 

to be sure, only a limited statistical value, since the grounds for 

valid classification and comparison of different cases are very im

perfect. The study of the individual case is really of greater 

value." 
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In the Introduction we defined traumatic epilepsy for the 

:purposes of this :paper as, "a syndrome characterized by the sud

den appearance of :paroxysms, of w~ch convulsive movements or 

loss of consciousness or both are associated with definite and 

demonstrable injury to the brain and its envelopes." As an all 

inclusive definition then those cases of seizures, almost always 

of focal type, occurring sLortly after brain injury and before 

scar formation has occurred, should be inCluded. It is owL in

tention, however, to separate this group sharply and to drop it 

from consideration since its mechanism seems, at least superfi

cially, to be of a somewhat different nature. The exact time at 

which intracranial scarrinb may be considered to become responsi

ble for traumatic epilepsy is uncertain. It has become a defi

nite :possibility three months followinb the more severe head in-

juries. The time at which scarring may no longer be congidered of 

importance is still more uncertain and undoubtedly varies with in

dividual cases. Foerster and Penfield (1930) quote a case with 

onset of seizures fourteen years after inJury, in which there was 

well marked scarring demonstrated his tolo~·ically in the specimen 

obtained at operation. It seems reasonable that scarrinc might 

be held res }JOnsi ble av er a much lOilE. er period of time. 

There is almost general acceptance of the view that both 

generalized and Jacksonian seizures may follow after head trauma. 

Further there is evidence to show that those cases which had focal 

seizures immediately after inJury, in contrast to those which de

veloped them after three months or more, are rather more prone to 

the development of "spatepileps:i. e." 
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All the above p9ints have been emphasized for at least one 

author, Turner (1927), has a quite different conception of the 

term. "By traumatic epilep~ is meant a disability characteri-

zed by seizures having the features of ordinary generalized epi

lepsy, occurring as a late phenomenon in consequence of a wound 

or inJury to __ the skull or brain. The outstanding feature of 

this condition is the development of the disease after a latent 

period of several months, sometimes up to two or three years, fol

lowing the trauma, and· the absence of any definite or constant re

lation between the inJured region of the brain and the method of 

onset of the fit. The fits resemble those of ordinary epilepsy 

and all varieties may be observed from amomentary "absence", lapse 

or vertigo, to the fully developed major seizure.. The disability 

runs a chronic course and in the majority of cases some degree of 

mental enfeeblement tends to supervene. This disability is entire

ly distinc~ from focal or Jacksonian epileps.y following head trauma. 

The latter condition is not epilepsy in the proper acceptation of 

the term, rather it is a state of localized cortical irritation. It 

is observed within a short time of the infliction of the trauma; it 

is more amenable to surgical interference; it shows a tendency after

wards towards spontaneous cure, and once the attacks have ceased there 

does not seem to be any special tendency to relapse, or the develop

ment of trauma tic epilepsy." 
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Lenormant (1921) points out that some macroscopic lesion 

is nearly always present in traumatic epilepsy. In twenty 

cases of his own he invariably found gross pathology. He 

cites two hundred and sixty-seven cases gathered by Tilmann 

of which two hundred and thiry-two showed gross lesions, and 

two hundred and forty-six of Braun of which two hundred and 

thirteen showed macroscopic findings. Lenormant believes that 

the findings in war injury would show a still larger percentage 

of gross lesions. He divides the findings at operation into: 

(l)Lesions of the bone, including thickeninb and condensation, 

exostoses, loss of cranial substance and closed fractures with-

out external evidence. {2) Lesions of the meninges: thickening, 

cicatrization, cyst formation B.nd oedema of the arachnoid, this 

last con~ion found by Tilmann in six of twenty cases and noted 

by Krause as well. (3} Cerebral lesions: cicatrization with 

or without inclusion of foreign body, superficial cysts the re-

sult of old superficial haemorrhage or areas of softening, deep 

cysts resulting from extensive cerebral destruction, haemorrhagia 

zones, areas of softening and abscesses. 

To these various lesions it is difficult to ascribe their 

proper degree of importance. All must, however, act through 

the cerebral substance or through the cerebral circulation. Of 

the cerebral lesions themselves the depth and extent per se ap-
v . pears to bear no direct relationship to the e~suing con•uls1ons 

( Lenormant). Behag~e (1919) feels that the nature and character 
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of the wound and the origin of the projectile are only of im

portance in the amount of damage caused. Clark- (1924) exa

mined twenty-one cases with seizure,post-mortem. In two cases 

he found injury to the membranes only, in eight cases he found 

injury to the membranes and cortex, in eleven cases he found in

jury to the meninges and to the deeper parts of the brain. 

Gordon (1925) in thirty-three cases found eleven fractures of 

the Skull with severe fronto-parietal haemorrhage, nine cases 

with pressure over the parieto-occipital region, five cerebral 

cicatrices and ei~ht meningeal adhesions associated with frontal 

lobe cicatrices - all o1 these cases being drawn from civilian 

practice. 

Incidence. 

Peace Time Literature: Lenormant (1921) gathered together 

the reports of several authors upon the occurrence of traumatic 

epilepsy in times of peace. Brun, among two hundred and twenty

one cranial injuries of all types, reported eighteen cases - 8%. 

Braun in a similar group made up of two hundred and ninety-one 

cases, reported fifteen epileptics - 5.2%. Of these, there were 

thirty gunshot wounds one of whom developed epilepsy. Gardon and 

Wilson recDrd fourteen epileptics among five hundred and thirty 

fractures of the base - 2.6%. Neumann, among one hundred and 

eight cranial traumata on an infants' service, found three cases 

of epilepsy - about 3%. This finding is in agreement with that 

of Ford(l926) that two or three per cent of all epilepsies seen in 

children are related to birth injury. 
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Muskens (1928) in one thousand cases of head injury seen in 

private practice found only eight epileptics. Steinhal (1929) 

quotes Reichman as finding a .5~ incidence among six hundred and 

three peace time injuries while he himselt.among five hundred and 

thirty-one cases seen in his OMl privat~ practice between 1907 and 

1926
1 

saw only one epileptic. 

War Wounds: The incidence of epilepsy consequent to war wounds 

is far higher than that noted above during peace time. Allen (1906) 

notes that among one hundred and sixty-seven skull injuries of the 

American Civil War twenty-three, or 13.7%, were on the pension list 

because of epilepsy. Among five hundred &nd seventy-one cases of 

recovery from gunshot wounds of the skull in the Franco-Prussian 

War, as reported by von Bergmann for the German Army, twenty-five 

or 4.3% developed epilepsy. If to these cases of epilepsy there 

be added tLose with periodical att&cks of dizziness, numbness, 

trembling, et cetera, the percentage is raised to 26.7%. In the 

Russo-Japanese War T. Eguchi found thirty-five cases among one 

thousand skull inJuries, 3. 5i;, but two years la.ter Holbeck suc

ceeded in tracing sixty-five cases which he had treated in the same 

war. Of these nineteen, or 29. 2;u, bud become epileptic ( Lenormant). 

Of this same group only six were e:;Jileptics six months following 

their wound.i ne. 
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In the World War abundant material was provided for the 

study of this question, yet the results are strikingly discor-

dant. 

Sargent and Holmes (1916), reporting on six hundred and 

ten cases only 15% of which had been followed for more than a 

year, found thirty-seven epileptics, 6%. Eight of these cases, 

however, had had only one seizure; in only eleven were convul-

sions frequent. 

Behague (1919) in a comprehensive study of the cases in P. 

U~rie's clinic, numbering three thousand, six hundred and twenty

three head injuries, found an incidence of 12.11% of epilepsy. 

Two-thirds of the cases were generalized, the remaining third 

were Jacksonian. Lenormant points out the striking fact that 

this was an increase from the 5% reported by P. Marie and Chatelin 

in 1916, and from the S% reported by the same authors the year fol

lowing • 
. 

Voss (1921) confirms the increase in incidence with the pas-

sage of time. Among one hundred cases which he stuaed in 1917 

37% had developed epilepsy. In 1920 he was able to trace seventy

three of the original hundred; of these 61.7~ were subject to 

seizures. While it would seem obvious that there must have been 

a concentration of severe cases in Voss' clinic, the increased in-

didence among members of the same group cannot but be striking. 
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Lenormant (1921) adds the following figures: 

French: 

Souques, 9 in 33, 18% 

Chiray, 57 in 276, 20.8% 

H. Claude, 24 in 247, 10% 

Villaret, 53 in 256, 20.7;.) 

Babinski, F. Netter, 34 in 150, 22.6% 

Carriere, in a collection of one thousand wounded, 6;~ 

Sol1ier, 15j~. 

Tu.ffier and Gullain, 676 in 6, 664, 10.4/v 

Billet (Statistique de l'Autochir. 6) 26 in 167, 5% 

Be1eian: 

Derache, 2 in 24, 8.3~ 

Janssen-Denot, more than 10;~ 

American: 

H. Neuhof, 3 in 175, 1.8;; 

English: 

w. w. Wagstaffe, 9 in 710, 1. ?J}S (See later fitures below) 

German: 

Raper, 16 in 134, 11.9% 

Tilman, /G·~o'/o 

Ame1ung, 7 4 in 520, 14. 2~S 

To these figures should be added those of later studies. 
Raw11ngs (1922) amon~ four hundred and fifty-two British cases 
found an incidence of 25~ of seizures. These results we1·e based 
upon a questionnaire sent out to seven hundred and fifty men. 
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The results cannot then be considered to be entirely reliable 

but are of significance because of the time elapsed since in-

jury. 

Turner (1923) in & review of eighteen thousand cases of 

gunshot wounds of the head among British troupe found that on

ly eight hundred, or 4. 5~; had become epileptic. 

Falling between the percentages of Rawlings and Turner is 

that of Wagstaffe (1928). Of the British figures his can pro-

bably be regarded as the most significant both from thoroughness 

of study and duration of period of observation - eleven years or 

over. Of a total of three hundred and seventy-seven cases of all 

kinds, (penetJating dura, fractured skull but dura not penetrated, 

scalp wound only, concussion and fractured base) thirty-seven or 

9.8% developed seizures. A marked increase from his previously 

given figure of 1. 3~~o. 

Sch8nbauer (1929) cites ninet~-five cases of Bouskin, of gun-

shot wound of the head, thirty-two of which developed late epilep-

sy. He mentions also forty-three cases of Bychovsky reported in 

1925. 11 Of these sixteen or 37~v were reputed to be suffering from 

Jacksonian attacks. 

Steinhal (1929) mentions Brun's seven epileptics among twenty-
A one destructive lesions- 33.3~, and also Melzner's figures raneing 

between 12;~ and 40/:-·. On the basis of the six hundred and thirty

nine surviving cases of gunshot wound studied so carefully by him

self and Nagel two years previously, he arrives s.t a r·iEure of 28.9fo, 

one hundred and ei~hty-five Ctises of typical epilepsy. If von 

Bergmann's lead of including cases of dizziness et cetera is rol-

lowed, the percentage is raised to 35.5~. 
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If, then, the last British figures, those of Wagstaffe, 

made up of three hundred and seventy-seven cases and those of 

Steinhal, six hundred and thi~-nine cases, are contrasted 

there appear great differences. The German incidence ( 28. 9~o) 

is three times that of the English (9.8%). Steinhal maintains 

that wounding of the dura plays little part whereas Wagstaffe 

finds epilepsy nearly ten times more common after penetrating 

wounds of the dura than after non-penetrating. These two 

glaring differences .in result can only mean lack of a common 

basis for classifi cc:.tion and understanding. 

Relationship of Site of Wound to Occurrence of Epilepsy. 

Concerning this question there is agreement among most, but 

not among all, of the au tLors. The concensus of opinion is that 

wounds of the pc:.rietal ree_ion &.re most apt to e_.i ve rise to sei

zures. Buzzard (1916), without givint_, evidence, dissents from 

this view though he does state that the location of the injury 

may modify the features of the attack. Rosanoff (1925) likewise 

disagrees. He cites Borischpolsky's group of one hundred and 

eighty-five gunshot wounds of the head, ninety-two of which in

volved the parietal region with the occurrence of attacks in only 

seven or ?7o, where~.;.s in the remaining ninety-three cases attacks 

occurred in six, or 6. b7v· Among nineteen cases of epilepsy from 

a group of two hundred and sixty-six studied by Holbeck, seven had 

wounds of the motor area 36.8%, twelve of other relions. This 
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high percentage is not· in agree~a.t with Borischpolsky' s figure 

nor with Rosanoff 1 s own findings. He, in the series of forty

five epileptics cited in his article, included thirty-five oc

cipital injuries with only ten of other regions. On the other 

hand, in a second series forty-five in number, in which attacks 

were infrequent he included thirty-three wounds of the motor 

cortex. Eight of these were free of attacks for more than six 

years, six for more than five years, seven for more than three 

years, the others for a lesser period. 

More in accord with the mrlier findings of Holbeck given 

above are those of the following authors quoted by Lenormant. 

Eguchi among his thirty-nine cases of war epilepsy found the parie

tal region involved in twenty-five, 64~. F. Netter among thirty

two concussions found evidence of temporo-parietal involvement in 

twenty-seven, 84;:, - obviously a less reliable group upon which to 

base conclusions. Behague, among l1is cases, incriminated the 

parietal region in 5n.2%, the,frontal in 26.93)~, the occipital in 

10. 53;;, the temporal in s. 53%. Voss' figures correspond very 

closely; the parietal region 571~, the frontal 26jo, the occipital 

16%. Billet, in a small series of twenty-seven cases, found the 

parietal region( v.ounded in 51.9;b, the frontal in 25%, the occipi

tal in 11%, the temporal in 7.4;b. 

Of the thirty-three cases of penetrating wounds of the dura 

having seizures which Wagstaffe reported, ten were situated in the 

parietal region, ten in the frontal , four in the fronto-parietal , 

four in the occipito-parietal, three in the occipital and two in 

the temporal. 
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Bouskin's cases, quoted by Schonbauer, ninety-five gunshot 

wounds of which thirty-two developed late epilepsy were divided 

as follows: 40/o parietal, 30'jo temporal, 20% frontal, 3% occipitaJ.. 

Steinhal' s figures are not so l1igh for the parietal region, 

Next he plsces wounds of the occipital zone 18%, to be 

followed by the frontal region, 14. 6jo, wi tn the temporal pole held 

responsible in 12.2~ of cases. 

Relationship of Site of Wound to Type of Seizure. 

As might be expected most of the wounds of the parietal re-

gion are Jacksonian in type, while those of the other areas are 

more apt to be &eneralized. Lenormant quotes the following fi-

gures from Behague: 

Region. Perc en tL{,e of Epilepsy. Percentae,e of cases 
generalized. 

Parietal. 
Frontal. 
Temporal. 
Occipital. 

14.21 
11.06 

8.02 
7.75 

31.0 
85.84 
72.7 2 
70.00 

Rawlings found that among the four hundred and fifty-two men 

answering his questionnaire, regardless of the site of their wounds, 

577o suffered from erileptiform attacks, 23;) from Jacksonian sei

zures, l6;o had faintin[ spells, while 4. 5;~ were grouped under 

"slight and uncertain". These figures are in approximate agree-

ment with Behague's generalization, two-thirds of the cases 

generalized in character, one-third Jacksonian. Of the two types 

the Jacksonian is prone to appear a little earlier ( Behague). 
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Wagstaffe feels that late epilepsy is much more common in those 

cases which show transient Jacksonian attacks within a few days 

of inJury. These cases may, of course, become late epilepsy of 

either general or Jacksonian for m. 

Importance of Primary and Secondary Healing: 

Schonbauer states that primary wound closure does not pro

tect aeainst epilepsy and objects to his quoted statement from 

Kae'ger who cited forty cases of primary healing with three cases 
~ 

of late epilepsy (reported in 1920). Steinhal agrees that pri-

mary closure plays no part and cives as evidence: 

Wounds involving the dura: 

1. Operation within 
Primary closure, 
Healing later, 

twenty-four hours 
38 cases 14 epileptics 

11 " 
36. 81~ 
28.9% 

2. Open handling, 111 " 37 " 33. 3/'J 
(And of this group of thirty-seven, epilepsy persisted in 
twenty-eight, 25.2{o of the one hundred and eleven cases.) 

The Role of Infection: 

Steinhal reports in his series studied in conJunction with 

Nagel the following figures: 

67 cases complicated b~ infection, 32 epileptics, 
160 " non-infected, 50 " 

47. 77~ 
31.2ro 

These fit:,ures are such as might be expected if one considers the 

degree of scarring as of some importance, for the gliosis occur-

ring in infection must be more marked than in clean wound heal in[. 
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The Presence of Foreign Bodies: 

Wagstaffe found that 3670 of his cases with s·eizures carried 

within their heads a foreign body, whereas 25% of those free of 

attacks did likewise. This cannot be considered a significant 

difference. Steinhal asserts that deep lying fragments play no 

significant part and quotes Redlich's view in his support. 

Mental Deterioration: 

One gains a ver,y definite impression in gotg over the litera

ture that traumatic epilepsy carries with it nothing like the toll 

of mental disintegration t1mt accompanies idiopathic epilepsy. 

Turner mentions loss of memory, lack of attention et cetera, sibns 

common enough in cases after moderate skull fractures allowed free-

dom too early in convalescence, a finding therefore not peculiar 

to traumatic epilepsy. Voss (1921) mentions the occurrence of 

psychic changes, particularly the depression occurring not seldom 

after an attack. Wagstaffe mentions that of the five surviving 

cases of penetrating wounds of the dura in the frontal region all 

showed well marked mental deterioration. Steinhal reported that 

among two hundred and twenty-seven traumatic epileptics only eleven 

were lost to society, and only in seventeen was the character change 

marked. The occurrence of mental changes must be rel[~tively in-

frequent, ~~noever, if one may Judge from the scant attention paid 

to the subject by the various reviewers. 
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The Importance of Accessory Factors in the Occurrence of Post

Traumatic liWilepsy and Theoretical Mechanism of the Attack. 

The explanation of the discrepancy between the number of 

head injuries and the incidence of epilepsy, and of the fact 

that wounds of the severest type situated directly in the motor 

area may not give rise to seizures, has been sought by many. 

Turner considers cerebral vasoconstriction occurring re-

flexly as the result of anchorage of the brain to the skull by 

adhesions as being the most probable explanation of the mecha-

nism. The inconstancy of development of seizures among wounds 

he explains by assuming an inherited constitution predisposing 

to attacks, and explanation which he frankly admits he cannot sup

port by the evidence available. 

Behague suggests that the seizure is consequent to cerebral 

swelling resulting from irritation. The swelling causes further 

irritation and initiates an attack. Lues, alcohol, hysteria and 

tainted heredity may all contribute. 

Lenormant agrees tLat lues Lnd alcohol augment the epileptic 

t.endency. Concerning heredity he only remarks that opinions dif-

fer and does not commit hins elf. 

Schonbauer considers the epileptic attack to result from a 

combination of two factors, stimulation by the local condition and 

an increased excitability of the brain. Determination of the lat-

ter condition is variable. Acute and chronic infections are of 

importance. Pregnancy and labor may play a part. He wisely 

poi~ts out that the hereditary factor is a difficult one to judge 

for in some instances no amount of questioning can elicit informa-

tion, at other times trifling familial affections cannot be properly 
ev&luated. 
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Steinhal, in pursuing the reasons for the "epileptic ten

dency" suggests vasomotor instability as playing an important 

r61e; a view which is more and more gaining in popularity and 

which is coming to have a part in the e~lanation of idiopathic 

epilepsy as well (Lennox and Cobb). Steinhal conceives of 

traumatic epilepsy as resulting from an interaction of local 

irritation and constitutional vasomotor imbalance. He consi-

ders that in early epileptic seizures the local irritant is the 

more important factor, and that in late epilepsy the local ir-

ritant assumes less importance. This latter view is, however, 

hardly consistent with the histological evidence of mildly pro

t••lowt "' gressive cicc-:..trizing activity presented in a p:P&17 ielle chapter. 

Just what the relationship between the "epileptic habit" 

and vasomotor activity may be is a matter for speculation. Con-

ceivably the repetition of a vasomotor reflex may make its ini-

tiation progressively easier. As yet there is no evidence availa-

bl e on this subject. 

Leriche and Wertheimer (1925) on the basis of eichteen of 

their own cases conclude that post-traumatic Jacksonian epilepsy 

is always accompanied by a neuroglial scar, meningeal lesions 

being significant only in that they tend to interfere with the 

cerebro-spinal fluid circulation. They feel that a vasomotor 

activity, evidence for the support of which has been seen at many 

operating tables including their own, must be the variable factor, 
I 

linked with the constantly active neuroglial scar. These authors 

attempt to control the vascular phenomena, which are at present 

outside the reah of the surgeon, by cerebro-spinal fluid pressure 

control, raising or lowering it as necessary. 
I 



-32-

Foerster (1925) in a comprehensive paper maintains that all 

epilepsies owe their origin to the elaboration of an irritative 

agent the result of the disease process and analagous to faradic, 

mechanical, chemical or thermal stimulation - any one of which may 

set off an attack. However, since epilepsy does not result in 

all persons possessed of the dis~easescapable of elaborating the 

irritative agent, there must be a second factor, a predisposiuon, 

a special state of hyperexcitability of the centrm nervous sys

tem, just as a peripheral reflex may be greatly exaggerated. 

This he believes to be due to an endocrine imbalance. Corpus lu

teum, persistent thymus and perhaps the pineal tend to greater 

susceptibility. The other glands, with the t~roid acting as a 

moderator, have the opposite action. That variations in the pH 

of the blood may also play an important r8le is indicated by the 

results obtained on hyperventilation and alkali injection. Also 

sensory disturbances of many kinds, pressure on peripheral ne~s, 

phymosis, optic difficulties et cetera, m93 cause the flood to 

over-reach its banks, presumably in traumatic as well as in idio

pathic cases. 
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Spontaneous Cures and the C0nservative Treatment. 

That some cases of traumatic epilepsy recover spontaneously 

is a common observation. Schonbauer records four improvements in 

twenty-five unoperated cases - 16%: 8~ of the cases not traced 

being classed as not helped. Steinhal includes in his series of 

one hundred and eighty-five epileptics sixteen cases of spontaneous 

cure - 8 •. 6%. Twelve of th·ese were focal in character, four general, 

nine"early", seven "late" epilepsies. It is important to bear in 

mind that "early" epilepsy connotes cases which are generally due to 

direct irritation and nhich are seen early in the course of head in

jury. It does not include attacks presumably precipitc..ted by scar

ring. On this basis only seven spontaneous cures occur red in the 

weri es - 3. 87u. Spontaneously healed cases are apt to be an ill

defined group; there are few c2.ses for which some sort of therapy 

has not been attempted. Moreover, "spontaneous healing" would seem 

to be a misnomer. Certainly the evidence is slight that those 

cases involving brain damage ever experience recession of the scarring 

processw per se,undoubtedly a stand-still may occur in some cases. 

The cessation of attacks must be due rather to a diminution in the 

Krampfbereitgeshaft of Foerster, and it would seem likely then that 

attacks might well be expected to recur in at least some of these 

cases of Steinhal's. 
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Operative Procedures and Results. 

In 1901 Putnam wrote "· ••• it may be. stated, &sa fact which 

would probably be generally admitted, that operations for the re

lief of focal epilepsy, whether these aim at the removal of local 

sources of irritation or of diseased areas involving the cortex, or 

of the removal of apparently normal cortex, are often unquestionably 

of great benefit although they have not accomplished nearly all that 
~ 

was hoped of them." The same might have been said to be true of the 

generalized form resulting from trauma and, moreover, these state-

ments both hold to-day cJ.S certainly as when Putnam wrote. 

The operations devised for the treatment of traumatic epilepsy 

may be divided into three groups depending upon the end in view: 

the correction of the local condition, the abolition of irritative 

factors or the control of the abnormal physiolo[ic mechanism respon

sible for the attack. Considerstion of the second group would take 

us too far afield. Empirically it h&s been found that the correction 

of tLe local condition is not always a sur[ico.l possibility, and that 

in some instances where it has seemingly been achieved the epilepsy 

has been little affected. Logically, then, those means which seek 

to control the abnormal meche~ism should be utilized, providing that 

the possibility of the loc&l lesion being progressively destructive 

is kept in mind. This is the ultimate therapeutic goal to be hoped 

for. At present too little is known to make prq_ ress cert2.in in this 

direction. It was in the hope of casting some light oJ~pathologic 
physiology of traumatic epilepsy that the work, of which this pap er is 

a small part, was undertaken. 
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In this discussion, then, we shall be concerned only with 

the surgical handling of the local condition, 1e aving out of the 

discussion such operative attacks as ligature of the carotids, 

resection of the cervical sympathetic supply to the brain, liga

ture of the superior longitudinal sinus, ablation of the supra

renal capsule, et cetera; procedures which have been utilized 

chiefly in the treatment of imopathic epilepsy. Nor can the 

prophylactic treatment of head injuries be discussed here, im

portant as that subject is. 

Treatment of the local lesion can be divided into attempts 

to alleviate pathology of the bone, of the meninges or of the 

brain. That bony spicules, depressed fragments and bony exu

berances may give rise to seizures is undoubted. Smooth±g of 

the inner table is essential in such c2ses and probably is ef

fective in most instances in which this is the only structural 

pathology present, although statistics on this subject are lacking. 

Injuries involving the meninges may only give rise to ~n 

arachnitis or may result in adhesions between the pic;-arachnoid 

and the dura. Steinhal reviews comprehensively the opinions of 

manw authors and the followinc discussion is based on his search 

of the literature. Guelke and others believe the attachment of 

the brain to the skull to be the significant factor in initiatin~ 

seizures. Their attacks center on attempts by plastic operation 

to prevent adhesions. Fat transplants have been warmly recommen

ded by Lexer, Guelke and Rehn. ~mrtin and Reich, however, found 

that the fat transplant becomes involved in the scar. Lexer, 
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denying incorporation of the fat into -the scar tissue, attributed 

Reich's fmlures to general bran damage, which operative procedures 

are powerless to help. Drevermann, reporting the oprative results 

obtained at Lexer's clinic, found that of eight war wounds two had 

been attack free, forty-one and sixty-three months respectively; 

one was improved and five showe·d no imrrovement. Results which 

justify, in Steinhal's opinion, the pessimistic view held by Lexer 

and others of the operative treatment of traum&tic epilepsy. Fat 

transplants have even been used to fill great holes left after ex

cision. Foerster believes that such transplants should be removed, 

Muskens deprecates their use and Steinhal himself thinks that they 

are certainly without beneficial effect. He is of the opinion that 

even free fascia becomes involved in scar tissue. 

Strachauer (1919), following the lead of Kirschner who reported 

seven years earlier seventeen cases in which fat free fascic~ lata was 

used with cessation of convulsions, employed the me~1od in eleven 

cases, two as a prophylactic measure. One of the eleven cases was 

not at all improved, the others were all greatly improved; the oldest 

was followed for only four years, however. 

Burchart (1923) reported a case operated four years previously~ 

884 a fat graft being inserted into the dural defect. The seizures 

continued. Burchart removed the fat transplant, took normal dura 

from nearby and substituted it for the fat transplant. Subsequently 

he replaced the defect in normal durs. with a fascir· 1 transplant. The 

case was thereafter attack free for two years and he conservatively 

suggests further trial of the method. 
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Steinhal mentions Bier's attempt to prevent adhesions by fil

ling the operative defect with salt solution, thereby hoping to 

raise the edges of the defect sufficiently to keep them free. 

Block reported one improvement in six operations with this method 

and it would seem perfectly justifiable to question the part played 

by ·the salt solution in this one case. Finisterer felt that simple 

removal of the scarred dura, followed by replacement of the defect, 

should suffice to prevent adhesion of the br~in to the skull. 

Lenormant also discusses the handling of the dura at operation, 

citing a number of procedures, among them the following: Krause 

used and recommended Brunning's method of splitting the dura and 

folding it over like a leaf to close the defect. Hamant reported 

favorable results in two cases in which he placed a sheet of catgut 

between the skin and the dura. However, Gaudier and Billet each 

found in one case that the catgut was not tolerated, in one case it 

was removed at the end of two days, in the second at the end of 

twenty. Lenormant reviews the use of cartilage, hernial sacs of 

fascial, fat and peritoneal transplants, and concludes that almost 

invariably they become incorporated in the scar, become fibrous and 

are of no value in isolating the brain and meninges, nor in opposing 

the regrowth of the cicatrix. At best, he concludes, they are use

less and of~n are harmful. 
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Excision of the epileptogenetic focus was first undertaken by 

Horsley in 1886 and since then the method has been used in both 

traumatic and idiopathic epilepsy when there has been an indication 

of a fairly definite center. Lenormant reports that the procedure 

has been severely criticized in France and discounts it on the basis 

that the lesions are usually too large to perm.it of removal. He 

found that Krause, Friedrich and Rasumowsky favored it. The latter 

two and Schulze-Berge all reported cases cured b;: cortical excisions, 

previously not benefited b.~- other Oi:·erations. Muskens has reported 

a case attack free for twelve years following excision of an irri

table zone of cortex (since reported attack free for seventeen years). 

On the other hand, Tilmann in twenty cases and Frazier in twenty-

. seven cases of traumatic epilepsy never had occasion to use the pro-

cedure. Braun reported tm cases in v;hich there was no definite 

evidence of brhin pathology in which the operation was performed with 

only two favorable results and eitht failures. A much more favorable 

result.was obtained, however, in fourteen cases in which the cortical 

zone was manifestly altered. Among this group there were ten favor-

able results and only four failures. Krause (Sargent 1922) gave de

tails of two cases with~isible lesion in which he excised the primary 

focus. One patient eight years later had only occasional twitchings, 

the second died shortly after operation in status epilepticus. He 

considers the resultant scar to be of no importance. Sargent in dis-

cussing gunshot wounds states that " ••• the results of such excisions 
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in patients suffering from focal fits without visible lesion has 

not proved very encouraging even in the hands of the most expert 

operators. Gordon (1925) makes, ~wcoet, the unsupported state

ment that "deeply seated traumatic cerebral cicatrices if ranoved, 

will only be substituted by surgical cicatrices with no resultas~ 

far as the convulsive seizures are concerned." 

Undoubtedly the best studied group of scar excision is that of 

Foerster. He has written at length conerning the theoretical 

reasons for his adoption of the procedure and his technique has be

come well-known even on this continent. In 1925 he reported the 

following post-traumatic cGses, all excisions in the v~rious areas 

as indicated. Frontal eye field, two c::.ses, one attack free for 

three years, the second died c:~t operation. Post-central, ei[ht 

cases, two attack free for more than three years, four for more than 

two years, one for more than one year and one for a month and a half. 

Parietal adversive, four cases, one attack free for more than four 

years, one for one year, one for two months. The fourth was not 

improved, in this instance proper durapl~ .. sty was impossible. Occi

pital field, seven cases, one died pvst-oper~tively, one died a year 

after operation of an abscess, but had been attack free for th~t 

year, two were attack free for one year and one half year respective

ly, ani two were improved. 
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In addition, Foerster and Penfield (1930) have reported a 

number of cases operated since them. (The older of these cases 

may overlap in a few instances the cases above, followed for less 

than a year.) 

In a very carefully and thoroughly studied series of excisions 

the following results were obtained: 

Time post-operatively. Result. 

1) 5 years, 3 months. Attack free. 
2) 5 " " " 
3} 5 " n " 
4) 4 " 6 tt One attack after 4 years, 3 months. 
5) 4 " 4 " Attack free 3 years; isolated absences since. 
6) 4 n Attack free. 
7) 3 " 4 " n Tf 

8) 2 " 7 " n " 
9) 1 " 9 " " n 

10) 1 " 9 n n " 

This group is deserving of mention here, less perhaps because of 

the statistical results included: three cures of five years duration 

and three of more than four years: than because of the combination of 

thorough clinical and histological methods. Its value would be greater 

if note were made in addition of the cases in which excision therapy 

f£.iled and the prob8.blJ reasons for failure. 

A modification of the excision method, :prompted through fear of 

severe surci cal scarring
1 
is that suggested by the physiologist Tren-

delenberg. It consists of subcortical section of the fibers running 

down from the convulsing focus. Fischer (1927) discusses the method .. 

Trendelenberg made deep undercuts half way through the cortex of mon-

keys and proved a cutting off of the centers. Some months later he 
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found no scarring, no displacement or macroscopic changes, only a 

fluid-filled slit. Spielmeyer examined the specimens .and found 

no s~ificant reaction. Fischer does not report a case of trau

matic epilepsy treated by this method but does cite six cases of 

Kirschner's who obtained good results after gunshot wounds, al

though~note is made of the length of observation. 

Mention should be made in passing of Bircher's massage of the 

epileptic center (Lenormant). Three to five minutes massage of 

the cortex determines an atrophy of the gray matter which is not 

followed by the permanent paralyses that are apt to follow exci-

sions done in certain areas. In one epileptic ~ treated whose 

brain was studied two months post-operati~ely the massaged area 

was found to be 2-3 mms. thick in contrast to the adjacent areas 

which measured 8-10 mms. Amon£ fourteen cases so treated, six 

of whom were traumatic in orit,in, there were two deaths, four fai

lures and ei£ht favorable results - the duration of observation in 

these last cases was not stated. 

The disposal of foreitn bodies is a subject upon which there 

is general agreement. If it be superfici~l the question may at 

times be a delicate one, but generally it is better to remove i». 

A deep lying body is better left alone, unless possibly when it is 

very large (Lenormant, Buzzard). 
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Decompression for epilepsy is undoubtedly the oldest of the 

operative procedures. Reference has already been made to it in 

the form of trepanation in the historical section. Allen ( 1906) 

cites nineteen cases reviewed by Kocher in which pressu~e upon 

the dura due to bone, abscess or connective tissue formation was 

found and removed. 68 3 f WCl~ bt . d • ;:-:- o cures weFe o a1.ne • If the dura 

was opened. in addition the percentace rose to 88.8~. However, 

Kocher considered only the immediate post-operative results. He 

credits Bergmann with twenty operations and six cures, or if a 

three year limit be accepted, with four cures - an operative result 

Kocher and his pupils Beregowsky and Ito based their operation 

upon the principle of a safety valve control of hypertension (Lenor-

mant). Cerebro-spinul fluid hypertension is, however, a far from 

constant finding. Bier bandaged the necks of ten patients, there-

by increasin~ the pressure. There resulted temporary improvement in 

six; only one suffered agtravation of his attacks. Redlich and 

:Earplus studie-d a nwnber of war wound epileptics and found either a 

normal cerebro-spinal fluid pressure or one insignificantly in-

creased. Lenormant concludes, "In practice, the decompressive 

trepanation of Kocher has given ver.y inconstant results; sometimes 

negative, sometimes favorable. The indications for the operation 

are certainly rare in traumatic epilepsy, however they do exist in 

certain cases of generalized convulsions without locHlizing symptoms 

and in which lumbar puncture has shown a hypertension." More recent-

ly Leriche and Wertheimer (1925) have shown the pressures in traumatic 

epileptics to vary either side of the norm, and they have !urther in

dicated a less radical means of controlling these changes. 
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Here it may be mentioned that Schonbauer feels that the .best 

results in desperate cases follow wide decompression made at the 

time of operation. Foerster removes the bone completely from 

over the operative site. Penfield, while replacirit: the flap, al-

ways leaves a generous decompression. 

Lenormant discusses the question of closure of cranial defects. 

He a~vises caution because, although cases have been reported that 

hs.ve become attack free after closure of a defect, on the other hand 

closure of the skull has sometimes precipitated attacks in cases pre

viously free of seizures. He suggests the followin~ principles: 

(1) In cases without previous defect it is le~itimate to close the 

skull again after finding and treatine the osseous, meningeal or 

cerebral condition. (2} In cases with loss of bony substance at 

the time of woundint:· or of earl:,r treatment the indicutions for clo

sure are fewer. It should not be done for two years, and never if 

the cerebro-spinal fluid pressure remains hiEh. (~) Decompression 

he reserves only for those cases with no demonstrable lesion, or 

with consistently high pressures not relieved by lumbar puncture, or 

for cases not relieved at previous operations. 

Of seventy-four non-epileptics in Steinhal and Nagel's series 

upon whom decompression operation was performed, fifteen cases later 

developed epilepsy. In forty-six eyileptics drawn from the entire 

group the operation was successful in twenty-two. 



-44-

Allen (1906) closed the skull of four patients with seizures 

by an osteoplastic flap made up of the outer table of an adjacent 

area. The first case had two seizures in the next year and a 

half, after having endured more frequent seizures for nine years 

prior :t:o the operation. A second case, injured seven years be-

fore but having attacks only for a week before operation, was at-

tack free for two and a half years, except for a short period im-

mediately post-operative. The third case, kicked on the head by 

a horse fifteen months prior to operation and havin[ seizures for 

eleven months before intervention, had but one attack in the year 

following operative interference. The fourth case, a severe ffl ad 

injury, had had no seizures the first year after operation. 

Gamberini (~921) operated upon one hundred and thirty-eight 

of six hundred and fifty-two war wounds of the skull. Epilepsy 

later developed in forty-four among those traced to date, in ten 

not till after an interval of two or three Jears. He operated anew 

in thirty-three cases with resultant cure (duration not given), 

five were materially improved, thirteen were not benefited. He 

felt that he obtained the best results with an autoplastic flap of 

bone and periosteum turned down from the adjacent area. The elas-

ticity and yielding nature of the repair tives, he asserted, a safety 

valve action. In criticism of this last statement may be mentioned 

Allen's finding that fibrous union in such a flLp is firm at five 

months in experimental animals, and our own findint::: in the present 

experimental series (Monke~y tl 4232) of a very firm union of the bone 

flap turned do\v.n for operative approach four weeks before. There 

could have been very little, if any, safety valve action in this case. 
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Operative Mortality. 

Figures upon the mortality for all types of operation prior 

to the World War were gathered by Lenormant. Tilmann in twenty 

operations of hia own lost one case; in his collected statistics 

including two hundred and sixty operations there were sixteen 

deaths, a mortality of 6)'o. In the fi~ures of the Russo-Japanese 

War r~ported by Eguchi in 1913 there was one death, two years post-

operatively, among eleven operations. Rauch in 1913 reported one 

death in thirteen operations, four of which were for traumatic cases. 

Kurt Matthioe in the same year reported three hundred and twenty-six 

operations with nineteen deaths - 5.7)S. Two hundred and sixty~six 

of these were done for Jacksonian epilepsy, sixteen deaths; sixty 

for idiopathic cases, three deaths. Lenormant points out that such 

figures are misleadin[' for they dl not take into account the severity 

of the operation. He cuotes from Braun: 

73 interventions (for bone conditions alone) 2 deaths 2.7% 
84 " (meningeal, no brain proce-

dure) 7 " s. 3;a 

57 " (cerebral procedure) 8 " 14. o~·'! 
32 " (no appreci a "tile pathology) 2 " 6. 2)o 

Of post-war results he mentions Guelke's series of about fifty cases 

with no operative mortality. 

Among Leriche and Wertheimer's eighteen cases there were two 

deaths. One, immediately post-operative, was the result of intra-

ventricular hemorrhage following opening of the ventricle. The 

second case developed a cerebral abscess fifteen months lr:ter, was 

relieved by operation, but at the end of the second year died of 

encephhli t is. 
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Q-f the eighteen traumatic cases reported by Foerster in 1925 

two cases died, one at operation, the second later of abscess, a 

mortality of ll.i% Among the thirty-.fi ve operations reported by 

Rosanoff the same year there were three deaths, a mortality of 

8.6% 

Operative Results. 

Lenormant considers Matthioe's series of 1913 to be the best 

studied of the pre-war cases. It was based on three hundred and 

twenty-six cases. 

1. Jacksonian epilepsy. 

266 operations. 
124 patients followed. 

2. Generalized e12 il e:Q s:t• 

60 operations. 
34 patients followed. 

Favorable 
results. 

81 

Failures. 
43 

Favora.ble 
results. 

15. 

Failures. 
19 

21 cures, 5 years or. tover. 
136 " 1-5 years. 

19 improvements. 
5 recurrences, after cures or 

prolonged improvements. 

42 stationary. 
1 aggravation. 

3 cures, 5 years or 
4 n 1-5 years. 
8 improvements. 

17 stationary. 
2 acc.ra vat ions. 

over-

The table includes 60% favorable results ·for the group. In addition 

to the tWBnty-four five-year cures cited above there were nine other 

five-year cures. Konit: claine d two, Birch er one of eleven years 

duration, Tuffier one of eleven years standing and Auvray reported 

five. 
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Steinhal cites Braun's peace time statistics gathered from 

the results of many surgeons. Among them were one hunded and 

twenty-eight successful operations and one hundred and eighteen 

without result, 495b failures. Braun eau tions that probably 

the list of failures is not complete, all the cases not having 

been reported. It was largely on the basis of such fibures 

that at the German Surgical Congress in 1920 Guelke, Lexer, 

Kuttner and Krause all spoke of the poor operative results 

achieved, Krause querying that if the peace time results are so 

poor what will be those of the war wound cases with their worse 

prognosis. 

Among thirty-two cases \vith br&in scarring included in 

Steinhal's own group there were six cures, and fifteen cases 

without improvement or with some betterment. Melzner's seventy

six cases, including thirty-seven war wounds, were cited with the 

observation that 1·.-Ielzner considered the operative results unsatis

factory, although no figures were given. 

Schonbauer su~narized the forty cases of traumatic epilepsy 

in his group as. follows: eie_hteen bettered through one or more 

operations, two died as the result of operation, seven were unharmed, 

seven died a shorter or longer time after the operation, and seven 

cases were not rehefited. Allowing for the seven cases unharmed or 

dead, satisfactory results were obtained in 45?~ of the cases. 
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Conclusions. 

The opinions of Steinhal and Schonbauer represent the most 

recent thfought upon the subject of operative intervention. That 

of the former is particularly weighty because of his wide ex

perience. Manifestly the results of surgical interference are 

far from satisfactory. Steinhal is hopeful of the results to be 

reported from Foerster's clinic. The indications are, however, 

from the results that Foerster hasalready reported and from those 

which Penfield has obtained, that while excision of cortical scars 

achieves striking results in many cases, perhaps in a higher per

centage than has been attained by other procedures, the method is 

not perfect and leaves much to be desired. 

This aecount leads but further to the view that a satisfactory 

operative attack upon the problem of traumatic epilepsy must depend 

upon an understanding of the abnormal physiologic mechanism of the 

attack. The opinion is hazarded that a vasomotor instability of 

the cerebral vessels offers the best field for experimental inves

tigation. Whether or not results obtained in such a field of in

quiry might be applicable to the problems of idiopathic epilepsy, 

must remain a matter of conjecture. 
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Principles of Cerebral Healing. 

The principles underlying the healing of brain wounds have 

been clearly defined since the introduction of the silver stain

ing technique as applied to the study of the interstitial cells 

of the central nervous system. For a complete presentation of 

these principles reference should be made to Del Rio-Hortega and 

Penfield ( 1927}, Penfield ( 1927}, Penfi el d and Buckley ( 1928}. 

Only a brief reference to them will be made here. 

Following the infliction of a stab wound involving the menin

ges and brain substance there is c~lled forth a phagocytic reaction 

of the microglia which persists as long as freshly damaged cerebral 

tissue is present or as long as progressive deterioration, sometimes 

extending over many years, goes on (Foerster and Penfield 1930). 

Soon after the infliction of the wound, - within a few days in ani

mals - the supporting astrocytes hypertrophy and group themselves 

in a radial fashion about the wound tract. Meantime a connective 

tissue core grows down into the wound tract. This core is derived 

chiefly from the mesodermal pia-arachnoid and its different embryo

logic origin from the ectodermal astrocytes should be borne in mind. 

If the break in dural continuity has not been repaired following 

the wounding, the connective tissue scar also has origin in part 

from the overlying muscle or areolar tissue. 
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It is by contraction of the connective tissue core of the 

wound, acting as it does through the va~astral framework with 

which· it is so intimately connected, that displacement of brain 

tissue occurs with consequent changes in ventricular topography 

( Foerster 1925). 

On the other hand Penfield and Buckley have demonstated that, 

in contrast to the histological changes following blunt needle 

punctures of the brain, an entirely different microscopic picture 

results if a core of cerebral tissue be removed with a hollow ex-

ploratory needle. In such cases there is little or no devitalized 

tissue to call forth astrocytic response, the holl~w space left 

fills with fluid and there is only the slightest ingrowth of con-

nective tissue elements into the track. 

distort ion in such cases. 

There results no cerebral 

The extension of these principles to neurosurgery is obvious. 

To quote from Penfield (1927), "It would seem that a contracting 

s·car from brain inJury nni.st eventually destroy a :Brger port ion of 

cerebral tissue than would be destroyed by the initial removal of 

an e~al portion of brain. Also the slow contraction of such a 

scar, continuing as it does for years, must produce a constant ir

ritation which may well be the starting point for a nervous dis-

charge resulting in Jacksonian epilepsy. Clean excision of such 

a cicatrix should convert a contracting scar into a fluid-filled 

space and relieve the re~ainder of the brain from abnormal contrac-

tion." Steinhal (1929), failing to consider the histologic evi-

dence of progressive deterioration in brain wounds, overlooks, it 
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would seem, the importance of cerebral scarring M 4u ~re 

in late epilepsy following trauma. 

One of the objectives sought in the present study was con

firmation or contradiction of the above conjecture of Penfield 

ooncerning the conversion of a cicatrix into an innocuous fluid-

filled space. 
~ 

Througlit the literature on the surgical handling 

of brain wounds there is much difference of opinion upon the end

result of excision of cerebral substance, bu~ little concrete in-

formation. The observations of Penfield and Buckley upon healing 

after puncture with hollow brain needles needed extension to gross 

removal of cerebral substance. In the present series gross in-

Juries and gross excisions in cats and in m_1nkeys heve been studied 

and contrasted. 

In considering the operative treatment of brBin scars the 

reaction of the meninges to operative interference must also be 

considered. If simple decompression is done and the aura opened 

without damage to the Uiderlying leptomeninges, little or no ad-

hesion between dura and arachnoid occurs in some cases. In a 

single decompression done as a control in the present series of 

monkeys, however, dural thickening and rather dense meningo-cerebral 

adhesions occurred. Portions of the dura may even be excised and 

sdstitution will be made for the defect by a connective tissue 

layer lined on the under-surface with arachnoid-like cells. In 

cases of decompression the dural repc:tir is generally of tougher 

consistency than the original dura, apparently a mechanism to corn-

pensate in part for the lack of bony covering. Under a bone flap 
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dural regeneration is less vigorous. In one case in the pre-

sent experimental series there was failure of the dura to close 

a two minimeter gap left at operation because the edges could 

not be completely approximated. 

Frequent atte~pts, by the introduction of organic and in-

organic substances, have been made to prevent the adhesions re-

sulting between the dura and arachnoid (Lenormant 1921}. Living 

grafts of many sorts have been employed, chiefly fascial and fat 

transplants. If the pia h&s been unharmed such procedures are 

unnecessary, for the dura will regenerate spontaneously (Penfield 

1927), though possibly not always under a bone flap. If the pia-

arachnoid has been inJured the transplants only come to be incor-

porated in the scar tissue and are therefore useless. It wou1d 

seem that the r·revention of meningo-cerebral adhesions can only 

be hoped for when a technique of handling pi~-arachnoid ~thout 

inJury can be developed, a surt;ict-.:.1 feat which would seem, in the 

light of present knowledge, to be humanly impossible. 

The correction of the dural defect by the incorporation of 

plates into the cut dural edges has been attempted. The only 

benefit to be derived from such a procedure is a breaking of the 

continuity of pull between the scalp and the brain wound - a bene

fit of hypothetical but entirely"Proven value (Sargent 1921). Th.#3 
" 

adhesions between dura and pia are in no way lessened; rather, the 

tran~lant becomes firmly enveloped in a connective tissue scar of 
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great density. More effective than the :_plate is a closely 

fitting bone flap which calls forth a less active connective 

tissue response and which prevents an invasion of the cere

bral cicatrix by extra-cranial vessels. 

Further reference will be made to these matters in a 

later chapter when an attempt will be made to outline princi

ples of technical importance. 
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EXPERIMENTAL METHODS 

As OQtlined in the Introdaction the experimental object

ives sought were manifold. First it was desired to make a com

parative study of the effect upon the post-operative doses of 

convulsant drugs in animals with brain wounds as one group, and 

in animals with excisions of corresponding areas in another 

group. This has been done in oats with camphor and wormwood, in 

moakeys (Maoacus rhesus) with camphor. In addition, excisions 

of sc~ed areas have been attempted in monkeys. 

Secondly it was expected that the animals under investiga

tion woQ!d be sacrificed and the operative sites studied histo

logioally for straotaral characteristics and for determination, 

if possible, of the presence or absenoe of nerve fibers. As 

the work has gone on, however, the value of keeping some of the 

animals for a prolonged period of observation has become mani

fest. Hence not all of the operated specimens are available for 

study. FQrthermore, the determination of the presence or absenoe 

of vasomotor aerve fibers awaits farther stady and will be incor

porated in a later report from the Department. The miorosoopio 

reports of the straotural characteristics of ~ many soars and 

excisions are, however, given here. 

Thirdly, operative attacks upon the vasomotor supply to the 

head were planned. This portion of the work cannot be included 

here and mention is made of it only for the sake of completene~s 

and because of the faot that in the protoools there will be in

cluded some animals deprived of their oervioal sympathetios apon~ ~ 

both sides. 
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Methods. of producing experimental comvulsions. 

In humans, convulsions follow brain injury in a small pro-

portion of cases. Sauerbruch (1913) found that spontaneous con-

vulsions followed some time post-operatively in a few of his mon-

keys. Pavlov (1927) reports a number of spontaneous convulsions 

after cerebral operations performed during the study of conditioned 

reflexes. On the other hand Muncie and Schneider (1928), Dandy 

and Elman (1925) and others have not observed spontaneous convul-

sions in their experiments, though they followed their operated 

animals for a shorter time post-operatively. Nevertheless, it was 

felt that an accessory convulsant must be used. 

Among the possible means of producing convulsions, other than 

trauma, are the following:-

1. Anaemia of the brain. LED nard Hill ( 1896). 

2. Asphyxia of the brain due to venous engorgement. 

3. Convulsant drugs. 

4. Electrical stimulation of the central nervous system. 

5. Alkaline diets. 

6. Increase of intracranial pressure. 

7. Freezing of the cerebral cortex with car~on dioxide. 
Speransky (1922). 

8. Injection of blood into the sub-arachnoid space. Bagley (1928~ 

9. Alcohol. 

10. Fatigue. 

11. Decreased oxygen tensio~ Syz (1926). 

12. Oedema of the brain. 
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Of all this group drugs suggested themselves as being the easiest 

of control and administration. :Many pharmocologic convulsants 

are available and have been used by different investigators, among 

them the following:-

1. Camphor. 

2. Homocamfin. (Lennox, Nelson and B~tham 1929). 

3. Absinthe. 

4. Thujone. 

(Marce 1864, Horsley 1892, Pike· and -Elsberg 1925). 

( Cobb 1924, llyematsu and Cobb 1922) .(1~ •·q2s-) 

5. Oil of wormwood. (Florey 1925, Dandy and Elman 1925, Muncie 
and Schneider 1928). 

6. Cocaine. (Sauerbruch 1913) 

7. Quinine Sulphate. 

8. Pi c rot o:xi n. 

9. Acid Fuchsin (Syz 1927). 

10. Amyl Nitrate. 

11. Insulin. (A bel 1929). 

From this group camphor, c10H16o was chosen as one of the con-

vu1sants to be used. Of its action Cushny (1924) says, "The con-

vulsions in mammals are certainly not due to any action on the spi

nal cord, but to stimulation of the higher areas of the nervous 

axis. The cerebral cortex is involved in the action for the con-

vulsions are less marked on its removal; but in the lower mammals 

the chief action seems to be exerted on the nervous centers situated 

between the cerebral peduncles and the medulla oblongata. It is 

not improbable that in man the cerebral action may be more marked 

than on the lower areas, for on descending lower in the scale it is 

found that cerebral action becomes less evident, thus in birds the 

removal of the cerebrum seems to have no effect on the convulsions." 
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{That there is some evidence of a basilar ganglion action in 

monkeys will be indicated in the protocols.) The·~ was 

used in 20% saline in olive oil. It kept well and there is no 

reason to feel that its strength \f~· 

For the purpose of comparison thujon, an lll~ of camphor, 

was used in the form of absinthe and in the form of oil of Worm-

wood. In the earlier stages of our work it was impossible to ob-

tain absinthe in any form. Finally some essence of absinthe culti-

vess was obtained from France. This was given intravenously to the 

monkeys in increasing doses. No convulsions were produced and fi-

nally one monkey passed a grossly bloody urine which gave additional 

evidence microscopically of an acute nephritis. It was assumed that 

the convulsant was responsible and its use was abandoned. Through 

the courtesy of Professor Pike of Columbia University we obtained 

some of the Oi~ of Absinthe with which he has carried out his many 

experiments. It was found impossible to give this drug (diluted 

one to nineteen in 95~ alcohol) with any degree of success into the 

small veins of the monkey and repeated cutting down on the veins 

over a long period of time presented many difficulties. Therefore 

as high as ten times the dose was given intramuscuJarly, but with 

no effECt. Its use was then given up. The oil, as given undiluted 

by Horsley, we found too difficult to graduate - the reason why Pike 

diluted it in alcohol. 
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Oil of Wormwood, used by Dandy and his fellow workers, we 

were anxious to try for comparison. Because it was available 

5~ solutions in acacia were used in the earlier experiments, and 

10% solutions as used by Dandy were employed later. ~o~da 

half times the convulsant dose for cats, when given to monkeys 

by stomach tube, led to vomiting but not convulsions. Therefore 

the drug was used only in the cat experiments. There the con-

vulsant dose for normal animals was found to be satisfactorily 

constant. The results for the operated animals will be found 

below. 

Originally the camphor was liven to the cats intraperitoneal

ly. It was soon found that the eat's peritoneum, ordinarily so 

hard to infect, was readily susceptible to bacterial invasion in 

the presence of the ~camphor. The drug when given intra-

muscularly thereafter was found to be effective in the same doses, 

and to be effective in a very similar period of time. Therefore, 

in most of the experiments, both on cats and on monkeys, camphor 

was given intramuscularly. Always the buttock was shaved and 

the skin prepared with iodine and alcohol. In no instance was 

there an infection. Very occasionally encystment of the camphor 

was noted in both cats and monkeys, apparently never affecting the 

results. 

The period of observation of the cats after dosing with cam

phor always lasted eight hours after the last animal was dosed. 

Many times some of the animals were watched ten, twelve and even 

fifteen hours after dosing. Only a very occasional convulsion 

was seen in the later hours, and on some few occasions convulsions 
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were seen the day after dosing. These convulsions were rare, 

however, and too infrequent to affect the general results. Oc

casionally unilateral convulsions were seen twenty-four hours 

after dosing, or even later. 

Wormwood by stomach tube was found to act more readil~ and 

after eight hour periods of observation in the earlier determina

tions the time was cut to four hours. 

For some reason camphor is effective earlier in the monkey 

than in the cat. Four hours was decided upon as the minimum 

period for these animals. Rarely a convulsion was seen before 

the fourth hour, never later, despite frequent opportunity for 

observation of a late attack. 

Operative Procedures: 

All the operative work was carried out with the greatest at-

tention possible in E.nimal work being paid to asepsis. The opera-

ti ve technique was exactly that used in the neurosur~;i cal theater 

with only a few exceptions. Sterlization and preparations of sup

plies were in the hands of a graduate nurse. The efforts to se

cure asepsis were well rewarded, for among the sixteen operated 

cats but one gross infection occurred - directly attributable to 

faulty draping of the operative field. Two other slight wound 

infections occurred. Among the many monkeys operated upon one 

developed an operative infection apparently due to some slip in 

technique. A second infection occurred late in QTIOther animal 

whose wound opened a week after operation. Infection must, of 

course, be considered as a complicating factor in cerebral wound 

healing, as in healing elsewhere in the body. 



-60-

Cat Operations: 

Wounds: A trephine opening in the Skull was enlarged to 

the proper size with rongeurs. The dura was opened and a dural 

hook, pair of scissors, or some other sharp instrument was inser

ted into the cerebral substance - the attempt always being made 

to simulate as closely as possible the destructive effect of a 

head trauma. In most instances the dura was thereafter careful

ly sewn together again, at other times it was deliberately left 

open. The loose areolar tissue was then sewn in a layer and a 

final closure of the skin made. Collodion dressings almost al

ways remained in place and proved to be very satisfactory. 

Excisions: The same type of opening was made as in the case 

of the wounds. \Vhen the area to be extirpated was decided upon 

it was surrounded by deep sutures on all sides, the sutures were 

carefully tied wo as to cut the cerebral tissue and gather to

gether, but not cut, the blood vessels incorporated in the liga

ture. The block of tissue was then carefully lifted and dissec

ted out at the bottom with a brain spoon. In some few cases the 

block was lifted out without the setting of sutures. An attempt 

was always made carefully to close the dura. In a few instances 

due to bulging of the brain and the delicacy of cat dura, the clo-

sure was impossible. Such instances are noted in the protocols. 

In a few cases fascial transplants were incorporated in the dural 

closure. 
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Monkey Operations: 

Wounds: The procedure followed was exactly that in the 

ease of wounds in cats except in one instance (;]'4215) when a 

bone flap was fashioned. In monkeys the dura is much heavier 

and easier to handle than in cats, so that a good closure was 

invariably obtained when desired. In two or three instances 

the dura was intentionally left open in the hope of promoting 

adhesions. 

Excisions: In this group bone flaps were turned down, a 

small Gigli saw being used in the fashioning of the flap. In 

all the cases in this series the dura was carefully closed. 

The bone flaps were secured by the use of heavy silk ties in 

place of silver wire. One of these cases developed a wound 

i~ection, presUlllably due to a slip in technique rather than 

to contamination by the monkey itself. In a second case tre

phine buttons included in the closure were not vascularized and 

acted as foreign bodies, causing the wound to break down. In 

two instances old wounds produced in the manner described above 

were excised - in these cases there was no bone flap available 

to cover the excised area and no attempt was made to perform an 

osteoplastic operation in either instance. 

Anaesthesia• 

A few of the earlier operations upon cats were performed 

under ether anaesthesia. The later ones were all done under amy

tal anaesthesia - .6 to .7 cc. of the 10% solution per kilo was the 

usual dose. All of the operations upon monkeys were carried out 

under amytal and the drug proved to be a most satisfactory one for 
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them. In doses of .6 cc. per kilo, occasionally supplemented 

by a little more amytal or by ether, a very satisfactor.y anaes

thesia permitting of faradic stimulation of the brain was ob-

tained. In no case were untoward effects observed and in no 

instance did the intraperitoneal injection of the drug cause 

trouble. (The abdomen was always shaved, then prepared with 
4 

7~ iodine followed by alcohol. The injections were made in-

to the lower abdomen, the needle never was pointed upward.) 

Care of the animals: 

The cats were kept in large, divided cages permitting of 

exercise. 

raw beef. 

They were amply fed upon milk and a good grade of 

With the exception of a few months during the win-

ter when, dring the readjustment following a fire, they were in 

a room with only one window, they had abundant fresh air. The 

monkeys did not live under ideal conditions during the winter 

and spring, having both insufficient air and sunlight. With the 

coming of the summer months, however, they were gotten out into 

the open air in a cage atop their house. Tuberculosis was ram-

pant among them, as is so frequently the case with captive mon-

keys. In contrast to the cats who Lained weight, the monkeys 

maintained, in most instances, lost in some few instances, their 

weight upon acquisition. In neither the cats nor the monkeys 

did slight variations in quality and quantity of food affect the 

minimum convulsant dose. 



-63-

The eats had very frequent and sometimes severe col~during 

the winter months following the fire. Despite this fact, and 

the acidosis presumably accompanying, the convulsant dose seemed 

to vary little. In one cat with a chronic ear infection the 

convulsant threshold was somewhat low (#4226). Three cats pas

sed through pregnancy and lactation without definite effect on 

their minimum convulsant threshold. Another cat,acquired and 

dosed a few days after delivery, had a hi~h threshold (#'4204), 

but as it persisted after ~~and cessation of lactation, 

other causes of the increased tolerance must have existed. 
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Establishment of the Minimum Pre-operative Convulsant Dae in Cats. 

In the earlier work, carried on in the fall of 1929, two 

groups of cats vere dosed with camphor. Group 1. below is the 

first of these and is made up of a series of thirty cats. It 

had a mortality of lOO%, the deaths being due to intercurrent 

infections, to~her anaesthesia, or occasionally amytal, and 

to fire. Group 2. is made up of nine cats which came to opera-

tion, all of which were wiped out by a laboratory fire. A 

third group of animals ·Jr~e stcrted as controls ear]y in 1930, 

their records are to be found under Group 3. In this group 

camphor, wormwood and absinthe were used interchangeably. 

Wormwood Oil, 5~b suspensiC?n in tum acacia, given by stomach· 

tube, was used originally. Later 10}0 solution was used, as done 

by Dandy. Since tht: dose of the 5~J solution was established as 

twice that of the lO;o, within the limits of experimental error, 

all the results are expressed in terms of the 10~~ solution for 

purposes of comparison with Dandy's results. As noted above the 

monkeys were unable to retain by stomach a sufficient amount of 

the 57; solution to produce convulsions, they beinf more resistant 

to the convulsant than cats. Therefore the results with wormwood 

apply only to the cats. The control cats dose~ with wormwood all 

belong to Group 3, - many of titem were dosed with wormwood, absinthe 

and camphor interchangeably. The detailed fitures of the doses for 

these animals are to be found in the protocols. 
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SuiDIIE.ry of Group l. {complete surmnary protocols are omitted) 

Total number of cats - 30. 
Do se definit ely established. in 16 at: 

1.5 cc in two cats, one of which was dosed by peritoneum. 
1.6 cc n two ff two " n were " n " 
1.7 cc n tsix " four " " " " " " 
1.8 cc 11 five " three" " n " " " 1.9 cc n one cat •.. 

Two cats showed a reversal of their daes, thus 
4133:Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

11/2 2.0 
11/5 1.7 

4155:12/17 3. 5 
12/2JJ 3. 6 

X 1.7 
X 1.8 

X 1.7 
X 1.8 

3.4 cc {0) 
3.0 cc Statue and death. 

6.0 cc (2)(2) 
6.5 cc (2} 

Twelve cats died for one of a number of reasons before their drnes 

could be established. It is important to note that of these two 

had hhd their doses raised to high levels: one to 2.4 cc/Kg, the 

second to 2.1 cc/Kg, without ensuing convulsions. 

Conclusions to be drawn from Results of Group 1. 

1. The average minimum convulsant dose of sixteen normal cats was 

1.70 cc/Kg. 

2. In a series of thirty cats the doses of sixteen were established 

at this level. In two the minimum convulsant dose was some-

thing greater than 2.4 and 2.1 cc/Kg. In two others there was 

an insignificant reversal of the doses. 

3. The intra-peritoneal and intra-muscular doses are identical. 
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Group 2. (:Made u:p of cats whose doses were established, who were 
operated upon, but who were killed b~.:- fire before the 
:post-operative doses could be established). 

No: Date: Weight: Dose: Total: Result: Convulsant: 

4094: 9/29 3.55 X 1.7: 6.0 { 1) c. 
12/12 Death - 71 days post-operatively. 

4099:10/16 2.5 X 1.7: 4.2 { 0) c. 
10/17 2.5 X 1.8: 4.5 { 0) 
10/23 2.5 X 1.9: 4.7 ( 0) 
10/.25 2.7 X 1.8: 5.2 { 2) 
12/12 Death - 44 days post-operatively. 

{Minimum convulsant dose 1.8 cc) 
4101:10/23 2.9 X 1.7: 5cc() ( 0) c. 

10/25 3.1 X 1.7: 5.2 ( 0) 
10/.31 3.1 X 1.8: 5.5 ( 2) 
12/12 Death - 42 days :post-operatively. 

(:Minimum convulsant dose 1.8 cc) 

4104:10/25 4.1 X 1.7: 6.9 ( 0} c. 
10/.31 4.2 X 1.8: 7.5 ( 3) 
11/.12 3.8 X 1.7: 6.5 (O)i.p. 
12/.12 Death 

4108:11/8 2.9 X 1.7: 4.9 (2)i.p. c. 
11/15 2.9 X 1.6: 4.6 (l}i.p. 
11/19 3.1 X 1. 6: 5.0 (2}i.p. 
12/12 Death - 21 days post-operatively. 

(Minimum convulsant dose 1.6 cc} 

4109:11/8 2.1 X 1.7: 3.5 (O)i.p. c. 
11/15 2.5 X 1.8: 4.5 (O)i.p. 
11/.19 2.2 X 1.9: 4.2 (O}i.p. 
11/22 2.2 X 2.0: 4.4 (2)i.p. 
12/12 Death - 9 days post-operatively. 

(Mi:Qimum convulsant dose 2.0 cc} 

4111:11/2 3.5 X 1.7: 5.9 (l)i·y· c. 
11/5 3.4 X 1.6: 5. 5 (1)(2 i.:p. 
12/12 Death - 36 days post-operatively. 

(Minimum convulsant dose 1.6 cc) 

4117:11/15 2.8 X 1.7: 4.8 (2)i.p. c. 
12/12 Death - 24 days post-operatively. 

(Minimum convulsant dose 1.7 cc) 

4120:11/21 1.7 X 1.7: 2.9 (2)i.p. C. 
12/12 Death- 20 days post-operatively. 

(Minimum convulsant dose 1.7 cc) 

4126:11/26 
12/12 

2.2 X 1.7: 3.8 (2)i.p. 
Death - 13 days post-operatively. 
l·~ eou~ ~ '·1) 

c. 

Days: Remarks: 

4. 5 cc g:i\er: 
intra-per. 

Seizure nex.t 
a.m. ( 2) 
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Summary of Group 2. 

Total number of Cats - 9. 
Dose definitely established in 9 at: 

1.6 in two cats. 
1.7 n three " 
1.8 " " " 
2.0 " one cat 

Among this group two cats showed a sli£,ht but insignificant rever

sal of dose similar to that noted in Group 1. above. 

Conclusions to be drawn from the results of Group 2. 

1. The average dose of nine normal cats prior to operation was 

1.74 cc/Kg. 

Perusal of the above tables sug6ests two considerations. The 

first concerns itself with the occasional variation from the general 

average minimum conVQlsant doses. The second is suggested by the 

relatively small number of doses given over a short period of timeA 

To secure further data upon the behaviour of camphor frequently re-

peated, and to provide an adequate control between normal and opera-

ted animals through all seasons of the year, Group 3. of the control 

cats was established. Opportunity was provided in this group, fur-

thermore, of studying the effect of one convulsant upon the animal~s 

susceptibility to another; an ill:portant control inasmuch as the 

operated cats were shifted from camphor to wormwood and back again 
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Group 3. 

No: Date: Weight: Dose: Total: Result : Convulsant: Days: Remarks: 

4162: 1/13 3.1 X 1.7: 5.4 ( 0) c. 
1/15 2.9 X 1.8: 5.3 ( 0) 2 days. 
1/21 2.6 X 1.9: 4.9 ( 0) 8 ff 

1/24 2.6 X 2.0: 5.2 ( 0) ll " 
2/7 2.9 X 2.1: 6.1 ( 0) 25 " 
·2/11 3.1 X 2.2: 6.8 ( 0) 29 tT 

2/21 3.6 X 2s 3: 8.3 ( 0) 39 " 
3/6 3.7 X 2.5: 9.2 ( 0) 52 " 
3/.11 3.7 X 2.6: 9.6 ( 2) 57 " 
3/20 3.8 X 2. e; 9.9 ( 0) 66 " 
3/27 3.6 X 2.7: 9.8 ( 0) 73 " 
4/3 3.7 X 2.9: 10.9 ( 0} 80 " 
4/18 3.5 X 2.0: 7.0 ( 0) ~~. 95 " 
4/21 3.6 X 2. 5: 9.0 ( 0) 98 " 
4/24 3.5 X 3.1: 11.0 ( 3) c. 101 " 
5/29 2.7 X 2.6: 1.0 ( 0) 146 " 
6/5 3.0 X 3.1: 9.3 ( 2) 153 " 
6/10 2.9 X 2.1: 6.1 ( 0) plus. w. 158 " 
6/19 3.2 X 2.2: 7.2 (0) 167 " 
7/7 3.2 X 2. 5: 8.0 ( 2) plus-~Jlus 18E " 
7/22 Total dose not given. 
7/25 3.9 X 2. 3: 9.0 ( 3) 'i'{. 188 " 
8/4 3.8 X 2.8: 8.4 ( 3) 198 " 
8/8 3.4 X 1.9: 6.5 ( 0) 202 n 

Summar::t..: 

Camphor - minimum convulsant dose - about 3.1 cc/Kg. 

Wormwood - 2.2 cc/Kg. 
(high and unreliable) 
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No: Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

4189: 2/7 4.1 X 1.7: 7.0 ( 0) c. 
2/11 4.3 X 1.8: 7.7 ( 0) 4 days. 
2/.21 4.0 X 1.9: 7.6 ( 3) 14 n 
3/15 4.3 X 1.8: 7.7 ( 0) 36 " 3/20 4.7 X 1.9: 8.9 ( 2) 41 n 
4/.3 5.0 X 1.9: 9.6 { 3) 55"ff 
4/18 5.0 X 1.0: 5.0 ( 0) w. 70 " 4/21 5.0 X 1. 3: 6.7 ( 0) :plus 73 " 4/.24 4.9 X 1. 5: 7.3 ( 0) 76 " 5/1 4.6 X 2.0: 9.3 { 3) 83 11 

5/5 4.4 X 2.0: 8.9 ( 2) { GiJlus) 87 " 5/.14 4.5 X 1.7: 7.8 ( 0) 96 " vomited. 5/17 4.3 X 1.7: 7.6 ( 0) 99 " vomited .. 5/29 4.0 X 1.9: 7.6 ( 2) 111 " 6/5 4.3 X 1.9: 8.2 ( 2) c. 118 " 6/10 4.6 X 1.8: 8.3 (2) 123 " 6/19 4.6 X 1.9: 8.7 ( 0) plus w. 132 " 
7/7 4.3 X 1.9: 8.2 ( 0) 150 " 7/22 Not dosed. 

7/25 4.8 X 2.1: 10.1 { 0) 153 " 8/4 4.4 X 2.1: 9.2 ( 3) :plus-plus 163 " Note:5 days :prior to this do sint this cat was 
under full amytal anaesthesi c-. and a temporal 
fascia transplant was taken .. Possibly this 

8/8 
accounts for the ch~~ge in reaction? 
4.5 X 1.9: 8.5 ( 0) w. 167 " 

Summar~: 

cc/Kg .. Camphor - m1n1mum convulsant dose 1.8 
Wormwood - " n " 2.0 cc/Kg. 



No: Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

4190: 2/7 3.1 X 1.7: 5.3 ( 1) plus c. 
2/11 3.1 X 1.8: 5.6 ( 0) 4 deys. 
2/.21 3.2 X 1.9: 6.1 ( 0) 14 tr 

3/11 3.4 X 2.0: 6.9 ( 0) 32 " 
3/.15 3.3 X 2.2: 7.4 (2) 36 " 
3/20 3.3 X 2.2: 7.3 ( 0) 41 " 
3/.27 3.4 z: 2. 3: 7.8 { 0) 48 " 
4/3 3.4 X 2.4: 8.2 { 0) 55 " 
4/18 3.3 X 1.0: 3.3 { 0) W- 70 Tt 

4/21 3.3 X 1. 5: 4.9 ( 3) 73 " 
4/24 3.2 X 2. 5: 8.1 ( 0) c. 76 n 

5/.29 3.2 X 1.7: 5.4 { 0) 111 " 
6/.5 3.3 X 2. 6: 8.6 { 0) 118 " 
6/10 3.2 X 1. 5: 4.8 { 0) w. 123 " 
6/.19 3.5 X 1.9: 6.6 ( 0) 132 " 
7/.7 3.4 X 2.0: 6.8 {2):plus-plus-p1Js 150 " 
7/22 3.3 X 1.8: 5.9 { 2) 165 " 
7/25 3.5 X 2. 6: 9.1 ( 2) plus- plus c. 168 " 
8/.4 3.3 X 2.3: 7.6 ( 2) 178 " 
8/8 3.4 X 1.6: 5.4 ( 0) w. 182 " 

Summary: 

Camphor - minimum convulsant dose - unreliable, varying between 
1.7 and 2.6 cc/Kg. 

Wormwood - minimum convulsant dose 1.8 cc/Kg. 
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No: Da.t e: Weight: Dose: Total: Result: Convulsant: Days: Remarks. -
4196:2/21 4.0 X 1.7: 6.8 (0) c. 

3/15 4.3 X 1.8: 7.9 ( 0) 22 dEzy s 
3/20 4.3 X 1.9: 8.3 ( 2) 27 " 3/27 4.1 X 1.8: 7.4 ( 0) 34 " 
4/3 4.5 X 1.9: 8.5 ( 0) 41 " 
4/18 4.7 X 1.1: . 5.1 ( 0) w. 56 " 
4/21 4.9 X 1. 5: 7.3 { 0) 59 n 
4/.24 4.8 X 2.0: 9.6 ( 0) c. 62 " 
5/1 4.6 X 1.6: 7.4 (0) w. 69 " 
5/.29 4.0 X 1.9: 7.6 ( 0) c. 97 " 
6/5 4.4 X 2.2: 9.7 ( 0) c. 104 " 
6/.10 4.5 X 2.4: 10.8 ( 3} 109 " 
6/19 4.7 X 2.0: 9.4 (2):p1us w. 118 " 
7/7 4.4 X 1.9: 8.3 ( 0) 136 ,, 
7/.22 4.5 X 2.0: 9.0 ( 0) 151 " vomited. 
7/25 4.6 X 2.0: 9.2 ( 0) 154 " 
8/4 4.5 X 2.2: 9.9 ( 2) 164 " 
8/8 4.2 X 2.0: 8.4 ( 0) 168 " 

Summary_: 
to 2.4 cc/Kg. Camphor - variable - minimum convulsant dose 1. 9 

Wormwood- 2.2 cc/Kg. 

No: Date: Weight: Dose: Total: Result: Convulsant: fu;ts: Remar1cs: 
4l97: 3/11 4.3 X 1.7: 7.4 (2)plus c. 

3/15 4.4 X 1.6: 7.0 ( 2) 4 dey s. 
3/.20 4.3 X 1.6: 6.9 ( 2) 9 " 
3/.27 4.3 X 1. 5: 6.5 ( 0) 16 " 4/3 4.4 X 1.6: 7.0 (O):p1us 23 " 
4/.18 4.4 X 1.2: 5.5 (O):p1us ,{. 48 " 
4/24 4.3 X 1. 5: 6.5 ( 0) 54 " 
5/1 4.3 X 1.7: 7.4 ( 0) 61 " not dosed. 
5/5 4.~ X 2.0: 8.4 (O)p1us 65 " 
5/14 4.0 X 2.2: 7.8 ( 0) 74 " vomited. 
5/.17 4.0 X 2.1: 8.4 ( 0) 77 " vomited. 
5/29 4.0 X 2.0: 8.0 ( 2) 89 " vomited. 
6/.5 3.5 X 2.0: 7.1 ( 2) 96 " 
6/10 4.0 X 2.0: 8.0 ( 2) 101 " 6/19 4.4 X 1.9: 8.4 ( 2) 110 " 7/7 4.3 X 1.9: 8.2 ( 2) 128 " 7/.22 4.3 X 1.8: 7.9 (2)plus 143 " 
7/25 4.6 X 1.6: 7.4 ( 2) C.l46 n 

8/4 4.4 X 1.7: 7.5 ( 2) W.l56 " 
8/8 4.5 X 1. 5: 6.8 ( 2) 160 " 

Summary_: 
cc/Kg. Camphor - minimum convulsant dose - 1.6 reliable. 

Wormwood - " n " 1.7 cc/Kg. 
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No: Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks! -
4204:4/18 4.0 X .16: • 64 (0) A. 

4/.24 3.9 X 1.7: 6.7 ( 0) c. 6 days. 
-5/1 3.9 X 1.8: 7.0 ( 0) 13 n 

5/5 3.7 X 2.0: 7.4 ( 0) 17 " 
5/.14 3.6 X 2.4: 8.6 (2):p1us 26 ff 

5/17 3.4 X 2.2: 7.5 (0) 29 " 
5/29 3.2 X 1.9: 6.0 (O):p1us 41 " 
6/5 3.1 X 2. 3: 7.1 (0) 48 n 

6/10 3.2 X 2.0: 6.4 ( 0) '.Y. 53 " 
6/19 3.6 X 2.1: 7.5 ( 0) 62 n vomited. 
7/.7 4.0 X 2.2: 8.8 ( 0) 80 " vomited. 
7/22 3.9 X 2.4: 9.4 (2) 95 n 

7/25 3.8 X 2.4: 9.1 (2):plus-p~\iB c. 98 n 

8/4 3.5 X 2.2: 7.7 ( 2) 108 " 
8/8 4.0 X 2.2: 8.8 (0) w. 112 " 

Summar:£: 
2.2 cc/Kg. Camphor - minimum convulsant dose -

Wormwood - " n " 2.3 cc/Kg. 

No: Date: Wei p)lt: Dose: Total: Result: Convulsant: Days: Remarks: 

4206: 
4118 1.9 X • 06: .12 ( 0) A. 8 days. i.v. 
4/21 1.9 X .07: .14 { 0) 11 " i.v. 
5/1 1.9 X .99: 1.9 ( 0) 19 " i.m. 
5/5 2.1 X 2.9: 6.2 ( 0) 23 n i.m. 
5/14 2.3 X .09: .20 { 0) 32 " i.v. 
5/17 2.0 X 1.2: .24 ( 2) plus-plus-PIE 35 " undiluted. 
6/.5 2.0 X 2.0: ~-0 (2)plus N. 54 " 
6/10 2.1 X 1.9: .o (0) 59 " 
6/19 1.9 X 1.8: 3.5 ( 2) 68 " 
7/7 2.2 X 1.8: 3.9 ( 0) 86 n 

7/.22 2.4 X 2.0: 4.8 {2)p1us-plus 101 " 
7/25 2.5 X 1.7: 4.2 ( 0) C.104 n 

8/4 2.6 X 1.9: 4.9 (O)plus 114 " 
8/8 2.6 X 1.8: 4.7 ( 0) //.118 " 

Summar:£: 
Camphor - minimum convulsant dose - somewhat greater than 1.9c~ 
Wormwood - " " " 1.9 cc/Kg. 
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No: Date: Weig"ht: Dose: - Total: Result: Convulsant: Days: Remarks: 

4207:4/18 3.6 X .06: .24 (2) A. i.v. 
4/21 3.8 X • 06: .23 ( 0) 3 days. i.v. 
5/1 3.8 X .. 99: 3.8 ( 0) 11 " i.m. 
5/14 .1.8 X • 07: .26 { 0) 24 " i.v • 
5/17 3.6 X .07: • 27 {1) 27 " i.v. 
5/29 3.3 X .07: .25 {2) 39 " i. v. 
6/5 3.3 X .07: .23 { 0) 46 n i.v. 
6/5 3.3 X 2.0: 6.6 {3):plus-plus w. 
6/10 3.4 X 1.8: 6.3 { 2) 51 " 6/19 4.0 X 1.8: 7.2 { 2) 60 " 
7/7 4.5 X 1.8: 8.1 { 3) :plus-plus-p).E 78 n 

7/22 4.3 X 1.7: 7.3 (O):plus 93 " 
7/.22 4.5 X 1.6: 7.2 (2)p1us c. 96 " 8/4 4.5 X 1.4: 6.4 { 3) 106 " 8/8 4o5 X 1.6: 7.2 { 2) :p1us-plus-PJus W.110 " 

Summar~: 
Absinthe - minimum convulsant dose - .o66 of 1 part of Oil of 

Absinthe in 19 of 95% alcohol intravenously. 
Camphor - minimum convulsant dose - less than 1.4 cc/Kg. 
Wormwood - " " n " " 1.7 cc/Kg. 

No: Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

4208:4/18 2.8 X • 06: .19 { 3) A. i.v. 
4/.21 2.9 X .06: .17 ( 0) 3 days i.v. 
5/.1 2.8 X 1.9: 5.6 ( 0) 11 n i.m. 
5/.14 2.9 X .06: .17 ( 0) 24 " i. v. 
5/17 2.8 X • 06: .18 ( 0) 27 " i.v • 
5/29 2.7 X .07: .18 ( 0) 39 " i.v. 
6/5 2.7 X .07: • 20 ( 0} 46 " 
6/10 2.8 X .20: ' ( 0) 51 " 
6/19 3.0 X 2.0: 6.0 ( 2) w. 60 " 
7/7 3.0 X 2.0: 6.0 (2) 78 " 
7/22 3.1 X 2.0: 6.2 { 0) 93 n vomited. 
7/.2 5 3.8 X 1.8: 7.6 ( 2) c. 96 n 

8/4 3.2 X 1.6: 5.1 { 0} 106 " 
8/8 3.4 X 1.8: 6.1 ( 0) '.'/. 110 

Summar:~.: 
cc/Kg. Camphor - m1n1mum convulsant dose 1.8 

Wormwood - " n n 2.0 cc/Kg. 
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No: Date: Weight: Dose: Total: Resu1 t: Convulsant: Days: Remarks: 

4224:5/1 2.5 X· 1.8: 4.6 ( 0) w. 
5/.5 2.4 X 2.1: 5.0 (0) 4 days. 
5/14 2.7 X 2.3: 6.3 (2)p1us 13 " 
5/.17 2.6 X 2.2: 5.8 (2) 16 n 

5/29 2.6 X 2.1: 5.5 ( 0} 28 " 
6/.5 2.6 X 2.1: 5.6 ( 2) 35 " 
6/.10 2.9 X 2.4: 7.0 ( 2) c. 40 " 
6/19 2.9 X 2.1: 6.1 ( 0) w. 49 " 
7/.7 2.8 X 2.1: 5o9 ( 3) 67 " 
7/22 2.9 X 2.0: 5.8 ( 0) 82 n 

7/25 3.0 X 1.9: 5.7 ( 2) c. 85 n 

8/4 3.9 x. 1.7: 6.6 95 " complete dcse 

8/8 
not given. 

3.0 X 2.0: 6.0 ( 0} w. 99 n 

Summa~: 
1.9 cc/Kg. Camphor - m1n1mum convulsant dose -

Wormwood - " " " 2.1 cc/Kg. 

No: Da.t e: Weight: Dose: Total: Result: Convulsant: Days: Remarl<: s: 

4225:5/1 2.9 X 2.0: 5.9 ( 0) w. vomited. 
5/5 2.8 X 2.2: 6.3 ( 2 ) ( Gi> 1 us ) 4 dey s. 
5/14 2.9 X 2.1: 6.1 ( 2) 13 " 
5/17 2.8 X 2.0: 5.6 (0) 16 " 
5/29 2.8 X 2.1: 5.9 (2)p1us-plus. 28 " 
6/5 2.8 X 2.0: 5.9 (2)p1us-plus-plus. 35 n 

6/10 2.8 X 2.0: 5.6 ( 2) 40 n 

6/19 Z.l X 1.9: 6.0 ( 2') 49 " 
7/7 3.0 X 1.9: 5.9 ( 0) 67 " 
7/22 3.2 X 2.0: 6.4 (2)p1us-p1us-pb.s 82 " 
7/25 3.4 X 1. 6: 5.4 (2) c. 85 n 

8/4 3.7 X 1.4: 5.2 (O)p1us 95 " 
8/8 3.4 X. 1.8: 6.1 ( 2) "· 99 " 

Summa~: 

Camphor - mininmm convulsant dose - 1. 5 cc/Kg. 
Wormwood - " " n 1.9 cc/Kg. 
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No: Da. te: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

4226: 5/1 2.8 X 2.0: 5.6 ( 0) w. 
5/5 2.7 X 2. 2: 6.2 (2):plus 4 deys. 
5/14 2.9 X 2.1: 6.1 {2):plus 13 " 
5/.17 2.8 X 2.0: 5.6 { 2) 16 " 
5f29 2.7 X ·2.0: 5.4 ( 2) 28 " 
6/5 2.7 X 1.9: 5.1 ( 2) 35 lf 

6/10 2.9 X 1.8: 5.1 { 2) 40 " 
6/19 3.0 X 1.7: 5.1 (2):plus-:plus 49 " 
7/7 3.0 X 1.6: 4.8 ( 2) 67 " 
7/22 3.0 X l. 5: 4.5 ( 0) 82 " vomited. 
7/.25 3.2 X 1.6: 5.1 ( 2} c. 85 " 
8/4 3.3 X 1.4: 4.6 ( 2) :plus 95 n 

8/8 3.5 X 1.4: 5.0 ( 2} w. 99 " 

Summary: 

Camphor - m1n1mum convulsant dose - less than 1.4 cc/Kg. 
Wormwood - " " " n " 1.4 cc/Kg. 



-76-

Conclusions to be drawn from the results of Group 3. 

1. In those cases where the camphor dose was around the average 

which h~d been obtained in the first and second groups above, 

it tended to remain at th~level for a few repetitions of the 

dose, and thereafter might or mie:ht not remain constant. 

2. In some cats whose resistance to camphor was higl)conyulsions 

were not obtained till after several doses of camphor had been 

given. Therefore it is likely that the minimum convulsant 

dose established in these animals is unreliable. 

3. Except in those instances in which the cc:~ t reacted by convul-

4. 

sive seizures early in the series of dosine:s and was thereby 

grouped roughly at its proper convulsant level, the results with 

camphor as a convulsant h&ve been totally unrelir:.ble. This ob-

servation will be confirmed in the protocols of the operated 

cats to be given below. 
1..0A 

Camphor { ~;o solution in olive oil) is not a convulsant drug 
~~ 

which can be used over a period of time~to follow variations 

in the convulsant threshold. Its employment for this purpose 

should be abandoned. 

5. Oil of Normwood in 10~~ solution in gum acacia, given by stomach 

tube, can be used to follow v~~1riations in convulsant threshold. 

In control animals the threshold remains practically unchanged 

when repeated over long periods. 
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6. In general, a cat which reacts reliably on a relatively low 

camphor dose reacts on a low wormwood dose, and vice versa. 

This observation is made use of in discussing the protocols 

of the operated cats, for in them only campho~ was used as a 

pre-operative convulsant. Yet it is felt that LS they all 

reacted at about the aversge convulsant threshold for camphor 

on the first or second dosing, their wormwood convulsant 

threshold can also be considered to be the average for worm

wood- despite the fact that this was not actually proven pre

operatively. 

Establishment of Post-operative Doses in Cats. 

For clarity of exposition the establishment of the pre-opera

tive doses of camphor for these animals has been v1i theld and com

plete protocols will be liven for each of the animals immediately 

below. 

The operations performed fall into two cl&sses - wounds and 

excisions. The wounds were performed in such a fashion as to simu

late severe head injuries. The excisions were in each instance an 

attempt to remove cerebral tissue with as little damage to tissue as 

possible. In performing these operations the principles detailed 

in the section on wound histology were constantly borne in mind; the 

dura was carefully folded back, the block excision was done as clean

ly as :possible and the dural repair made with all care. In some in

stances a satisfactory dural closure was not made - such c<.:,ses are 

always noted. 
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The Gat ' s Brain 

modified from 
uncie and chneider 

A, B, C and l , E, F lie on either SlUe of the cru
c i ate sulcus and mark the location of the motor 
zone . 

G, H, I .designate the frontal pole rhich is in 
reality of smrller proportions than drawn . 

J and K mar~ ... the area in the parietal region 
in 1hich Hounds an exc·sions of designation 
.ere ma e, with t e exception of r41 3 in 

whicJ case the e cision as maue further back , 
over t e parietal e inence. 

L represents he site of occi""ital 'Olmds , am
putations incl Llded the entire pole . 

Note: In th rotocols the follo in ~ abbrevi
ationr" are used: 

Ess. of 
A. 

c. 

Essence of binthe Cultive 
Oil of 1bsinthe ( i, e), part 
in 9 parts of ~5 ~ alcohol 
20% Camphor in olive oil 
Oil of .ormwood , %, in um 
accacia. 
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Adult female. 
4134: Motor cortex injury: (J.P.E) Dural hook inserted in the region 

of the cruciate sulcus and moved about. Pia-arachnoid scarified. 
Circular area of dura removed from over wound. 

Da. te: V/ eight: Do se: Total: Result : ConvuJs ant: Days: 

12/5 
12/10 
2/3 
2/18 
2{21 
3/6 
3/11 
3{15 
3/20 

6/12 
6{21 
6/24 

2.2 X 1.7: 
2.1 X 1.5: 
3.1 X 1.5: 
3.1 X 1.6: 
3.1 X 1.7: 
3.2 X 1.8: 
3.2 X 1.3: 
3.2 X 1.8: 
3.2 X 2.0: 

3.7 
3.2 
4.6 
5.0 
5.3 
5.8 
4.1 
5.7 
6.4 

3.1 X 2.2: 6.9 
3.2 X 2.5: 8.0 
3.2 X 2.5: 8.0 
3.1 X 2.6: 8.1 
3.6 X 2.6: 9.5 

3.6 X 2.0: 7.2 
3.7 X 1.5: 5.6 
3.5 X 1.0: 3.5 

J.8 X .7: 2.6 
3.6 X .4: 1.5 
3. 7 X • 5: 1. 8 
3.6 X .3: 2.2 
3.6 X .4: 1.4 
3. 5 X • 2: • 7 

(2):plus-:plus 
(2) 
(0} 
(0} 
( 0) 
(1} 
( 0} 
(0} 
( 0) 

( 0} 
( 2} 
( 0} 
( 3) 
{ 2) :plus-:plus-IiliJ3 
( 2) 

( 2) 
(0) 

c. 

( 2) w. 

(2)plus 
( 0) 
( 2):plus 
(0) 
( 2) 
( 0) 

51 
66 
69 
82 
87 
91 
96 

103 
110 
122 
131 
171 
172 

180 
189 
192 

196 
216 
221 
226 
230 
235 

Remarks: 

i.:p. 
i.:p. 

generalized. 

3/22 Jacksonian 
attack; rt.eye
lid. 

generalized. 

generalized. 
Not lateralized 
Not lateralized 
but followed by 
twitching of 
rt. eyelid. 
Not la teraliz ed 

Rt. sided body 
turning, tho b:i:
lateral. 
Not lr:. terali zed 

"' -
Bilateral. 

Bilateral onset 

&ummary of Dosing: Pre-o:perative camphor dose established at 1.5 cc/Kg. 
The post-operative camphor dose was found to be 2.0, of wormwocd .4 
That is, the camphor dose was raised .5, the wormwood dose lowered 1.6 

Histology: 1:usc1e f'irmly adherent to the underlyine_. arachnoid. There 
is an extensive connective tissue ingrowth into the wound track with a 
freer invasion of capillaries from the scar into the surrounding cere
bral tissues than is usually seen in the case of a sulcus. 

The :picture is that of a typical brain wound resulting from inclu
sion of devitalized brain tis5ue. (Photograph) 
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4136: ~ female. 
Motor cortex injury: (J.P.E). Dura over eruciate sulcus removed 
Dural hook inserted into the motor area and moved about freely. 
Pia-arachnoid scarified in same area. 

Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

12/10 
2/3 

2/18 
2/21 
3/.6 
3/11 
3/15 
3/.20 
3/27 
4/.3 
4/.15 
4/.24 
6/3 

6/12 

6/21 
6/24 
6/28 
7/18 
7/23 
7/28 

8/1 

8/6 

3.4 
3.6 

3.4 
3.4 
3.6 
3.1 
3.6 
3.5 
3.6 
3.5 
3.6 
3.6 
3.8 

3.9 
3.8 
3.8 
3.8 
3.8 
3.9 

X 1.7! 
X 1.7: 

X 1.5: 
X 1.6: 
X 1.7: 
X 1.8: 
X 2.0: 
X 2.2: 
X 2.2: 
X 2.5: 
X 2.8: 
X 2.7: 
X 2.8: 

X 2. 5: 

X 2.0: 
X 1.0: 
X 1. 5: 
X 1.2: 
X 1.0: 
X 1.8: 

5.8 
6.1 

5.1 
5.5 
6.1 
6. 5 
7.2 
7.7 
7.9 
8.9 
9.2 
9.8 

10.6 

9.7 

7.8 
3.8 
5.8 
4.6 
3.8 
6.2 

4.0 X .6: 2.4 

4.1 X .4: 1.6 

( 2) 
{ 0) 

( 0) 
(0) 
( 0) 
( 0) 
( 0) 
{ 0) 
{0) 
{0) 
( 3) 
{ 0) 
(2)p1us 

( 2) 

( 0) 
( 0) 
( 2)p1us 
( 2) 
(1) 
( G) 

{ 2) 

( 0) 

c. 
c. 

w. 

52 

67 
70 
83 
88 
92 
97 
104 
111 
123 
132 
172 

181 

190 
193 
197 
217 
222 
227 

231 

236 

i.p. 
Unilateral con
vulsions on 2/6 

Rt. si de d. onset. 
Pare tic/\)'~ 
Head & body to 
right. 
Jackoonian at
tack, rt. sided 
then generalizal 

Not lateralized 
Not 1ateraliz ed 
Not 1ateralized 
Jacksonian at 

zy~~~ 
~ 

Head to rt. at 
onset. 

Summary of Dosing: Pre-operative camphor dose established at 1.7 cc/Kg. 
The post-operative camphor dose was found to be 2.5, of wormwood .9 
That is, the camphor dose was ra:is ed .s, the wormwood dose was lowered 
1.1 

Histology: The picture is that of a typical wound reaction with a 
heavy connective tissue core penetratinb down to the white matter. 
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4150: Young female. 
Parietal wound: (J.P.E) Dura over ;>arietal eminooce incised, 
dural hook inserted a distance of a few mms. and moved about 
freely. Exposed brain scarified. Dura not closed. 

Date: Weight: Dose: Total: Result: Convulsant: ~ys: Remarks: 

12/14 
12/17 
2/17 
3/6 
3/.11 
3/.15 
3/.20 
3/.27 
4/3 
4/.15 
4/24 
6/3 
6/12 
6/21 
6/.24 
6/28 
7/.18 
7/.23 
7/26 

2.2 X 1.7: 
2.0 X 1.6: 
3.0 X 1.7: 
3.3 X 1.8: 
3.4 X 2.0: 
3.4 X 1.9: 
3.2 X 2.1: 
3.2 X 2.2: 
3. 3 X 2. 5: 
3.4 X 2.7: 
3.3 X 2.7: 
3.7 X 2.7: 
4.0 X 2.4: 
3.9 X 1.0: 
3.8 X 1.5: 
3.9 X 1.2: 
4.0 X 1.0: 
3.9 X 2.0: 
Sa cri fi ced. 

3.7 
3.2 
5.1 
6.2 
6.8 
6. 5 
6.7 
7.1 
8.2 
9.2 
8.9 

10.1 
9.6 
3.9 
5.7 
4.7 
4.0 
7.9 

( 3) :plus 
( 2) 
( 0) 
( 0) 
( 2) 
( 0) 
( 0) 
( 0) 
(O)plus 
(2):plus 
( 3) 
( 2) :plus 
( 0) 
( 0) 
( 3) 
(2) 
( 0) 
( 0) 

c. 

w. 

c. 

61 
78 
83 
87 
92 
99 
106 
118 
127 
167 
176 
185 
188 
192 
21.2 
217 

i.p. 
i.:p. 

general iz ed 

Not lateraJ:ml 

Not 1atera].jzal 

Bilateral. 
Bilateral. 

Summary of Dosing: Pre-operative camphor dose established at 1.6 cc/Kg 
The post-operative camphor dose was found to be 2.7 of wormwocd 1.2 
That is, the camphor dose was raised 1.1, the wormwood dose lowered .a 
Histology: The dura is absent from the section. The picture is one 
of atypical wound reaction with heavy penetration of connective tissue 
fibers and capillaries well into the white matter. At the brmn sur
face there is the usual arachnoid proliferation and the inclusion of 
large numbers of phagocytic cells. 
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4160: .Adult female. 
Frontal pole wouxl: {J.P.E) Dural hook inserted·just behind 
cruciate sulcus and proJected forward. Pole macerated. Dura 
in region of cruciate sulcus left opened anq turned back. 

Date: Weight: Dose: Total: Result: c·onvulsant: Days: Remarks: 

3.2 X 1.7: 5.4 
3.4 X 1.7: 5.8 
3.4 X 1.9: 6.5 
3.5 X 2.1: 7.3 
3.4 X 2.3: 7.9 
3.3 X 2.5: 8.2 
3.4 X 2.7: 9.1 
3.3 X 2~9: 9.6 
3.2 X 3.1: 9.9 
3.1 X 3.3: 10.2 
3.6 X 3.5: 12.6 
3.8 X 3.7: 14.1 
3. 7 X 1. 5: 5. 6 
4.0? X 1.0:? 4.0 

3.2 X .7: 2.2 
Not dosed - nursing. 
3. 5 X 1. 8: 5 • 6 
3.5 X .7: 2.4 

( 1) 
( 0) 
(0) 
(0) 
(0) 
( 0) 
(0) 
( 0) 
( 0) 
(0) 
(0) 
( 0) 
( 2) 
( 2) 

(0) 

( 2) 
(O)p1us 

c 

w. 

38 
51 
56 
60 
65 
72. 
79 
91 

100 
140 
149 
161 
i65 

185 

195 
199 

Pregnant. 

Bilateral. 
Bilateral , vomi
ted. 
Nursing. 

Bilu. teral. 

Summary of Dosing: Pre-operative camphor dose established at 1.7 cc/Kg 
The post-operative camphor dose was found to be something over 3.7,of 
wormwood .a That is, the camphor dose was raised over 2.0 cc, the 
wormwood dose was lowered 1.2 

Histology: Dura adherent, cystic arachnitis, typical wound reaction 
extending down from a fluid-filled space opening at the brain surface. 
There is extension of the connective tissue into the white matter. 
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4167: Adult female. 
Frontal lobe wound: Dura opened at cruciate sulcus. Dural 
hook inserted, pushed forward, and the frontal pole extensive]y 
macerated. fura left open. 

Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

1/4 

1/9 
2/21 
3Zs 
3/11 
3/15 
3/20 
3/27 
4Z3 
4/15 
4/24 
4/25 

6/3 

3.1 X 1.7: 5.3 

3.2 X 1.9: 6.0 
3.6 X 1.9: 6.8 
4.1 X 1.9: 8.0 
3.8 x 2.1: a.o 
3.8 X 2.3: 8.8 
3.9 X 2.5: 9.7 
3.8 X 2.7: 10.2 
3.9 X 2.8: 11.3 
3.8 X 3.1: 11.7 
3.7 X 3.3: 12.2 

3.5 X 3.3: 11.5 

3.4 X 2.7: 9.3 
3.3 X 1.5: 5.0 
3.5 X 1.0: 3.5 

3.3 X .5: 1.7 
3.4 X 1.7: 4.8 
3.4 X .5: 1.7 

{0) 20% camphor in 
neat's foo:b oil 

( 2) 
( 0) 
( 0) 
( 0) 
(0) 
(0) 
( 0) 
( 0) 
( 0) 
(0) 
( S) 

(0) 
(3)plus w. 
( 2) plus-plus-pbs 

(0) 
( 3) 
(0) 

41 
54 
59 
63 
68 
75 
82 
94 
103 
104. 

144 

153 
165 
169 

194 

i.p. 

Jacksonian 
rt. face. 
Status - Jack
sonian attacks 
beginning rt. 
eyelid or rt. 
ear - then 
generalized. 

Not latera11zed 
Head to rt. at 
onset in most 
attacks. 

199 Not laterali~ 
203 

Summary of Dosing: Pre-operative.camphor dose established at 1.9 cc/Kt 
The post-operative camphor dose was found to be 3.3, of wormwood .6 
That is, the camphor dose was raised l.L_;, the wormwood dose lowered 
1.4 

Histology: There is a deep and extensive wound, the contents of which 
have in large part been lost. There are still present, however, the 
borders of the wound which are extensively fibrosed. Tne brain tis
sue about is degenerated and there is a good deal of phagocytosis 
still going on. 

The picture is one of the usual type in brain wounds. 
Note:The upper ventricular system was found to be symmetrically dilated 
in this animal, apparently a block at the aqueduct of Sylvius being due 
to an inflammatory reaction possibly caused by intra-ventricular hemoz
rhage. The dilatation made possible a striking comparison between the 
two lateral ventricles and demonstrated with great clearness a·pulling 
up of the right ventricle toward the wound. There seems to have been 
communication between the wound track and the ventricle. 
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4179: Small adult .female. 
Occi~ital ~ole wound: (J.P.E) Dura opened over tip of occipi~al 
pole. Dural hook and scissors inserted deeply. A small piece 
of muscle forced into the wound. Dura left unclosed. 

Date: Weight: Dose: Total: Result: 6onvulsant: Days: Remarks: 

1/24 2.4 X 1.7: 4.1 ( 2) c. 
3/6 2.9 X 1.7: 5.0 ( 0) 28 
3/.11 3.0 X 1.9: 5.7 ( 0) 33 
3/.15 2.9 X 2.1: ·6.1 ( 3) 37 Bilateral 
3/.20 2.9 X 2.0: 5.8 ( 0) 42 
3/.27 3.0 X 2.1: 6.3 ( 0) 49 
4/3 3.0 X 2.3: 7.0 ( 3) 56 Bilateral 
4/15 3. 2 X 2.2: 7.1 ( 0) :plus 68 
4/24 3.4 X 2. 2: 7.5 (O)plus 77 
6/3 3. 2 X 2. 3: 7.4 ( 0) 117 Lactating. 
6z12 3.4 X 2.4: 8.1 { 0) 126 
61.24 3.3 X 1. 5: 4.9 ( 3) w. 138 Not lateralizeo 
6/.28 3.3 X 1.0: 3.3 (0) 142 
7/18 3.2 X 1.2: 3.9 {O)plus 162 
7/.23 3. 2 X 2. 5: 7.0 ( 0) :plus c. 167 
7/28 Sacrificed. 

Summary of Dosing: Pre-o:perative dose of camphor established at 1.7 cc/ 
The post-operative camphor dose was found to be 2~6, of wormwood Kg. 

1.3 That is the camphor dose was raised 1.9, the wormwood dose 
lowered .7 

Histology: Normal muscular, meningeal and cerebral relationships are 
preserved till the wound site is reached. At this point there is an 
indentation of the cerebral tissue in which lies what is :presumably 
the muscle inserted at operation. There is a great deal of connec
tive tissue reaction about it and there is a pronounced musculo-menin
geal, cerebral adhesion~ From this point downward there is dense 
connective tissue ingrowth which thins and fans out at the sides. The 
core itself extends deeply into the cerebrum and Just before the level 
of the white matter is reached there opens out a large cyst lined with 
a reacting connective tissue and partially filled with debris made up 
in part of many small capillaries. From the cyst there extendl down 
more deeply into the white matter occasional capillaries and connec
tive tissue strands. 

The picture is one of ver,y severe wound reaction. The cellular 
reaction is quite minimal compared to other wounds in the series of a 
similar age. Apparently then, the degenerative process has ceased 
and the scarring is at its height. 
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4180: Large Tom. 
Occi~ita1 ~o1e wound: (J.P.E} Scissors and dural hook inser-
ted into tip of occipital pole - macerated. Dura not closed. 

Da. te: Wei gb.t: Dose: Total: Result: Convulsant: Days: Remarks: 

1A21 3.7 X 1.7: 6.3 ( 3)plus. c. 
1/24 3.7 X 1. 6: 5.9 ( 0) 
3/6 4.8 X 1.7: 8.2 ( 0) 35 
3/11 4.4 X 1.9: 8.4 ( 0) 40 
3/15 4.4 X 2.1: 9 • .3 ( 0) 44 
3/20 4.4 X 2.3:10 .2 (0) 4;9 
3/27 4.6 X 2.5: 11.5 ( 3} plus. 56 Generalized .. 
4/3 4.7 X 2.4: 11.4 ( 0) 63 
4/15 4.7 X 2. 6: 11.9 ( 0) 75 
4/24 4.5 X 2.7: 12.1 84 Occasional jerk-

ing rt. fa:ce, 
& rt. leg. 

5/1 91 Focal attack with 
narrowed pal!E braJ. 
fissure. Pupils 

6/3 
equal. 

4.8 X 2.7: 13.0 131 Status with Jack-
sonian pattern. 
Eyes & head to 
rt. Rt. foreleg 
& rt. hind-leg 
to lt. side. 

6/4 132 Jacksonian right 

6/12 (3)fft 
eyelid. 

4.7 X 2.0: 9.0 140 Jacksonian onset 
e_enerally rt. si-
ded - in one in-
stance was 1 t. si-
ded (exhaustion) .. 
In some instanc~ 

6/.21 
1\ot lateralized. 

4.3 X 1. 4: 6.0 ( 0) 149 
6/24 4.4 X 1. 5: 6.6 (3)plus w. 152 Jacksonian rt. 

6/.28 
sided. 

4.6 X .8: 3.7 ( 0) 156 
7{18 4.1 X 1.1: 4.5 ( 0) 176 
7/23 4.5 X 1.3: 5.9 (3)/fl 181 JacksoniBn and 

7/28 ( 0) 
non- Jacksonian, 

4. 6 X 1.1: 10.1 186 
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4180: Continued. 
Summ~ of Dosing: Pre-operative camphor dose established at 
1.7 ~Kg. The post-operative camphor dose was found to be ir
regular, something under 2.0, of wormwood 1.2 That is, the 
camphor dose was raised about .3, the wormwood dose lowered .8 

Histology: Muscle adherent to the meninges which in tQrn are securely 
attached to the brain by minute connective tissue projections infil
trating through the sub-pial layer of astrocytes. In the sections 
studied there was~ no direct continuity between the surfaoe and cystic 
area resulting from the wo~d. This area is made up of two relative
ly large cysts separated by a reacting zone of very active connective 
tissQe. It may be that this zone bears continuity with the surface, 
but it is not evident in the sections. There is active phagocytosis 
going on. 

The histologic picture is, then, one of absorption of old dama
ged cerebral tissue with cyst formation and with a connective tissue 
and glial reaction of moderate but definite degree. (Photograph). 



-87-

# 4180, Cat, Wound 

Low power view of an active scarring rocess accompanied 
by cyst formation. The connection of the tract with the 
surface is not shown. 
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# 4180, Cat, Wound 

A higher magnification of the active scarring shown in 
the preceding plate. Note the connective tissue prolif
eration and the presence of phagocytes. 
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&i91: Adult female. 
Motor cortex wound: (J.P.E). Dura opened over cruciate sulcus. 
Scissors and dural hook inserted into post-cruciate sulcus ~ 
and destruction preceded with anteriorly. 

Date: Weignt: Dose: Total: Result: Convulsant: Days: Remarks: 

2/ll 
3/11 
3/15 
3/20 
3/27 
4/3 

4/15 
4/24 
6/3 
6/12 
6/24 
6/28 
7/18 
7/23 
7/28 

3.2 X 1.7: 5.4 
3.1 x~ 1.7:. 5.3 
3.2 X 1.7: 5.4 
3.1 X 1. 8: 5. 7 
3e4 X 2.3: 7.8 
3.5 X 2.2: 7.7 

3.6 X 2.1: 7.6 
3.3 X 2.2: 7.4 
3.3 X 2.2: 7.3 
3.3 X 1.8: 5.8 
3.1 X 1.5: 4.7 
3.3 X 1.0: 3.3 
3.2 X • 7: 2. 2 
3.2 X .4: 1.3 
3.3· X .5: 3.3 
Sacrificed. 

(2) 
(2) 
(0) 
( 0) 
( 3) 
( 2) 

(O)plus 
( 0) 
( 2)p1us 
( 0) 
(2)plus 
(G) 
( 2) ( 0-plus.) 
(0) 
( 0) 

c. 24 Blii1a t eral • 
28 
33 
40 Bilateral. 
47 Bilateral, but 

with a right rERr 
intermittent to
nic extension 
preceding. 

fB 
68 
108 Head to right? 
117 

W. 129 Not lateralized. 
133 Not latera1ized. 
153 Not lateralized. 
158 
163 

Summary of Dosing: Pre-operative camphor dose established at 1.7 cc/Kg 
The post-operative c&mphor dose was found to be 2.2, of wormwood .6 
That is, 1l:e camphor dose was raised .5, the wormwood dose lowered 1.4 

Histology: A wound track is filled with connective tissue strands but 
not the usual heavy fibrous core. The process is, however, still ver,y 
active as indicated by the marked parenc~vmal degeneration and phago
cytosis. There is a good deal of cystic formation throut.hout the de
generated area. 
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4192: Adult female. 
Motor cortex wound: (J.-P.E) Exposure over motor area and 
frontal pole, all of which tissue was macerated. Dura left 
open. 

Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

2/11 
3/11 
3{15 
3{20 
3/27 
4/3 
4/.15 
4/24 
6/3 

6/4 

6/.12 
6f.21 
6/24 

6/28 
7/.18 
7{23 
7/28 

·2.7 X 1.7: 
3.1 X 1.7: 
3.1 X 1.8: 
3.2 X 1.9: 
3.2 X 2.1: 
3.2 X 2.2: 
3.2 X 2.4: 
3.2 X 2.5: 
3.2 X 2. 5: 

3.2 X 1.8: 
3.3 X .9: 
3.3 X 1.0: 

4-~6 
5.3 
5.6 
6.1 
6.7 
7.0 
7.7 
8.0 
8.1 

5.8 
3.0 
3.3 

3.3 X .5: 1.6 
3.3 X .7: 2.3 
3.4 X 1.8: 6.2 
Sacrificed·. 

( 3) 
( 0) 
( ot 
( 0) 
(1) 
( 0) 
( 0) 
( 0) 

(2)plus 
( 0) 

( 0) 
( O):plus 
(l):plus 

c 

w 

c 

22 
26 
31 
38 
45 
57 
66 

106 

107 

115 
124 
127 

131 
151 
156 

Late. 

Satus - Jack
sonian in type 
Rt. eyelid or 
rt. fore-leg, 
then spread. 
Post-epileptic 
staa. 
Not laterali2£ii 

Status. Jack
sonian in tY.J;e 
Discharges 
fired from 
both rt. & 1t. 
cortices. 

Not lat erali7ad 

Summary of Dosing: Pre-operative camphor dose established at 1.7 cc/Eg 
The post-operative amphor dose was :found to be something under 1. 8, of 
wormwood .9 That is, the camphor dose had remained unchanged, tbe 
wormwood dose was lowered 1.1 

Histology: Study shows a typical wound track whose base is adherent 
to the overlying muscle and whose tip extends deeply into the brain, 
reaching well into the white matter. Scattered here and there tliTougt 
the track are collections of round cells, evidently phagocytes, altlnl€P 
relatively few of them are loaded with debris. At the base o:f the 
tack there are many compound granular corpuscles scattered through the 
meninges. There is connective tissue penetration for a depth of two 
to three millimetres over a large portion of the brain surface on 
either side of the track. 
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# 4192, Cat, ~ound 

At pical scar r act'on wit · elusion f 
a heav connect·ve tiss e c e. An ar a of 
act·ve h c t sis ind·cates tat t e re
cess is still r gressive. The menin eal 
reaction is not s own. 
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4103 - Adult female. 
Left parietal exc1s1on: (J.P.E~. A block of tissue about 
1 x 1 x 1 ems. was removed from near the parietal eminmce 
by use of sutures. Dura closed over excision. (Torn at 
bottom margin but covered excised area). 

Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

10/25 
10/31 
1/13 
2/.3 
2/18 
2/21 
3/6 
3/.11 
3/15 
3/.20 
3/.27 
4/3 
4/15 

4/24 
6/.3 
6/4 

6/12 

6/21 
6/24 

6/28 
7/23 
8/1 
8/6 

3.8 X 1o7: 6.4 
3.7 X 1.8: 6.7 
3.7 X 1.8: 6.7 
3. 8 X 1. 7: 6. 5 
3.8 X 1.3: 5.0 
3.7 X 1.3: 4.8 
4.0 X 1.7: 6.9 
3.8 X 1.4: 5.2 
3.7 X 1.9: 7.1 
3.6 X 2.1: 7.6 
3.7 X 2.3: 8.5 
3.8 X 2.2: 8.4 
3.6 X 2.4: 8.8 

3.5 X 2.4: 8.5 
4.1 X 2.5: 10.4 

4.1 X 2.1: 8.7 

4.3 X 1.8: 7.7 
4.1 X 1.5: 6.1 

4.3 X 1.0: 4.3 
3.7 X 1.2: 4.4 
3.7 X .9: 3.3 
3.5 X .7: 2.5 

(0) 
{ 2) 
(3):plus 
( 0) 
( 2) 
( 0) 
( 0) 
(0) 
( 0) 
( 0) 
( 0) 
( 0) 
( 0) 
(S)s~ 
(0) 
( 0) 
(t) 

( 1) 

( 0) 
( 2) 

( 0) 
( 2)p1us 
(2) 
to) 

C-
6 days. 
72 " 
93 11 

108 n 

111 " 
124 " 
129 " 
133 " 
138 " 
145 " 
152 " 
164 " 

173 " 
213 " 
214 " 

222 " 

231 " 
w. 234 " 

238 " 
263 " 
267 " 
272 " 

generalized. 

generalized. 

generalized. 

1at e. 

Head to ri[: ht 
at onset. 
Jacksonian; head, 
& eyes to right1 

rt. fore-leg; 
then generalized 

Head & eyes rt. 
side at onset. 

Not lat era~ exl 
Not 1ateralized 

Summary of Dosing: Pre-operative camphor dose established at 1.8 cc/Kg. 
The post-operative camphor dose was found to be 2.1, the post-operative 
wormwood dose .9. That is the camphor dose was raised .3, the worm
wood dose lowered 1.1 

Histology: Not sacrificed -
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4105 - Adult Male. 
Left Motor Cortex Excision:(J.P.E). Motor cortex excised in 
a block, by suture method .. A small amount of tralimatized tis-
sue could not be cleanly removed and was left behind. Dura 
sewn closely. 

Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

10/25 5.0 X 1.7: 8.5 (2) 
11/12 4.9 X 1.7: 8.4 (3):plus c. 18 days. i.:p. 
2/3 5.2 X 1.7: 8.8 (0) 69 n 

2/18 5.1 X 1.8: 9.2 ( 0) 84 " 
2/21 4.9 X 2.0: 9.8 ( 0) 87 " 
3/6 5.2 X 2. 2: 11.4 (0) 100 " 
3/11 5.0 X 2.4: 12.0 (0) 105 Tt 

3/15 4.9 X 2.6: 12.7 ( 0) 109 " 
3/20 4.7 X 2.8: 13.2 ( 0) 114 " 
3/27 4.9 X 3.0: 14.1 (0) 121 " 
4/3 4.6 X 3.2: 14.7 ( 0) 128 " 
4/15 4.7 X 3. 3: 15.6 ( 5) 140 " 
4/24 4.5 X 3.3: 15.0 ( S) 149 tt 

4/25 ( S) 150 " 
Pares is ,J.~~ 4/26 151 " 

6/3 4.9 X 3.3: 16.2 { 2) 189 " Head &: body 
to right. 

6/4 { 2) 190 " \..1 "' 
'6/12 4.9 X 3.0: 14.7 (2):plus 198 " 
6/21 4.7 X 2.4: 11.3 ( 3) 207 " 
6/24 4.5 X 1. 5: 6.7 (0) w. 210 " 
6/28 4.6 X 1.8: 8.4 ( 0) 214 " 
7/l8 4.8 X 2.1: 10.2 ( 0) 234 " vomited. 
7/23 4.8 X 2.3: 11.0 Death. 239 " 

s~~~~t. 

Summary of Dosing: Pre-o:perative camphor dose established at 1.7 cc/Kg, 
The post-operative camphor dose was found to be 2.4, of wormwood 2.3 
(with resultant death in a convulsion). That is, the camphor dose was 
raised .7 the wormwood dose raised .~ 

HistologY: Musculo-meningeal - dural adhesion. The excision site is 
not dee:p. It is filled in part with a loosely meshed net-work of con
nective tissue fibers. From it extends down to the grey matter a nar
row arm which terminates as a loosely, mildly proliferating connective 
tissue projection. On the other side pf a small adjacent area ol de
generative brain tissue is another similar arm with connective tissue 
projection. 

The process is nearly at a standstill judging from the lack of 
vellular reaction. The picture is that of a very slight reaction to 
excision (Photograph). 
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# 4105, Cat, Excision 

Low Power Vie o the Excision 0ite 

The site is fil ed it1 fluid and scattered 
debris. The m cul -meningeal-cerebral adhe
sion, a typical finding in ooth wounds and 
excisions, is well shown. A comparison of 
the sulcus on the left with the tr ck on the 
ri ht which forms a a t f the excision re-
et ·.on indicates the benignness of the pro

cess. 
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# 4105, Cat, Excision 

~ higher magnification of the 
end of the track shown on t e 
right in the preceding picture. 
Note th t it reaches to the 
white matter. 
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4135:Adult female. 
Left motor cortex excJ.s~on: ( J .P.E). The motor ·area lying behind 
the cruciate sulcus with ·some ·o.f the area immediate-ly posterior 
was cleanly removed en bloc by the· suture method. Dura sat is
factorily closed. 

Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

12/5 
2/3 
2/18 
2/21 
3/6 
3/11 
3/15 
3/20 
3Z27 
4/3 
1/15 

4/24 
6/3 
6Zl2 
6/21 
6/24 
oZ28 
7/18 

7/23 
7Z28 
8/1 

2.7 X 1.7: 4.6 
3.7 X 1.7: 6.2 
3.7 X 1.8: 6.7 
3.6 X 1.9: 6.9 
4.0 X 2.1: 8.5 
3.8 X 2.3: 8.8 
3.7 X 2.5: 9.3 
3.7 X 2.7: 10.0 
3.9 X 2.9: 11.3 

3.8 x 2.8: .1o;s 
3.8 X 2.9: 11.0 

3.6 X 2.7: 10.4 
3.6 X 2.9: 10.4 
3.7 X 2.6: 9.6 
3.5 X 1.6: 5.8 
3.5 X 1.3: 4.6 
3.5 X 1.5: 5.2 
3.4 X 1.2: 4.0 

3.3 X 
3.4 X 
3.3 X 

.9: 3.0 
• 7: 2. 4 
• 8: 2. 7 

( 2) ( 1) 
(0) 
(0) 
(0) 
{0) 
{0) 
(0) 
(0) 
( 3)p1us. 
( 0) 
( 3) 

(Oplus) 
( 2}plus-plus 
( 0) 
( 2) 
(0) 
(2) 
( 2) 

{ 2) 

(0-plus) 

c. 

w. 

58 
73 
76 
89 
94 
98 
103 
110 
117 
129 

138 
178 
187 
196 
199 
203 
223 

228 

237 

i.p. 

Not lateralized. 

Rt. sided onset
rt. fore-leg. 

Not la teraliz ed. 

Bilateral. 

Not lateralized. 
Tonic convulsion 
not lateralized. 
Noj; la teralized. 

Isolated jerks 
of rt. foreleg. 

SummarY of Dosing: Pre-operative camphor dose established at 1.7 cc/Kg 
The post-operative camphor dose was found to be 2.9, of wormwood .a 
That is, the camphor dose was raised 1.2, the wormwood dose lowered 
1.2 

Histology: The muscle over-lying the excision site is densely infil~ 
trated with scavenger cells, pres~mably called forth by the presence 
of a bit of the silk suture left .. at operation. The dura appears to 
be continuous over the excision site which is filled with a marked con· 
nective tissue proliferation. Throughout there are scattered great 
numbers of sea venger cells. The connective tissue fi bers pen et rate 
into the brain substance in great profusion, and interlace freely with 
glial fibers. The fibrosis and gliosis extend into the white matter. 
There is no reason to suspect post-operative infection. 

In this instance the operative objective was not obtained. The 
shallow excision area filled with arachnoidal granulation tissue and 
presumably because of the presence of a foreign body there was an ex
tensive cellular reacti-on. The net result has been great fibrosis 
and gliosis (Photograph). 
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# 4 35, Cat, Excision Failure 

Low Power View of the Excision Site 

This animal's c nvulsant thre.hold was lowered, rather than remaining unchanged or being slightly increased. There is extensive 
gro~th of connective tissue into the cerebral substance. ot that th / exc·si n was shallow and did not remove 0 rey matter down to the fiber tract • 
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~156 - Adult male. 
Frontal pole exc1s1on: (J.P.E). The entire pole lying anterior 
to the cruciate sulcus waa lopped out without sutures. Bleeding 
controlled with hot saline. Because of herniation the dura 
could not be closed. "i~ unsuccessful attempt was made to insert 
a satisfactory temporal fascia graft. It could only be attaehed 
to the dura at the lateral and mesial borders and it was tucked 
in over the cut brain surface, between it and the back wall of 
the frontal sinus. Posteriorly it was left free. The temporal 
muscle was drawn over the transplant carefully so .as not to 
overly directly the brain tissue." 

Date: Weight: Dose: Total: Result: Convulsant: Days: Remar~: 

12/17 
12/20 
1/4 
2/.21 
3/6 

3/11 
3/.15 
3/20 
3/.27 
4/3 
4/15 
4/24 
5/1 

6/3 

6/12 
6/24 

6/28 

7/18 
7/.23 
7/26 

3.8 
3.8 
4.1 
4.2 
4.4 

4.3 
4.4 
4.3 
4.3 
4.3 
4.4 
4.2 

4.3 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

X 

1.7: 
1.6: 
1. 5: 
1.7: 
1.5: 

1. 5:q 
lae:. 
1. 7: 
1. 9: 
1.8: 
1.7: 
1.8: 

1.8: 

6.5 
6.0 
6.1 
7.1 
6.6 

6.5? 
~. 
7.4 
8.1 
7.7 
7.6 
7.6 

7.7 

4. 3 X 1. 5: 6. 5 
4.1 X 1.5: 6.2 

4.2 X 1.0: 4.2 

4.0 X .7: 2.8 
4.0 X .-1.: 1.6 
Sacrificed. 

{2)p1us 
(2)p1us-plus-plus.c. 
( 2) 
(3)plus 
(0) 

3 dey s. 
18 " 
41 " 
54 " 

( 0) 59 " 
( 0) 63 " 
(0) 68 n 

(3) 75 " 
( 2) ]tl\iil (.t) 82 " 
(0) 94 " 
( 3) 103 " 

i.p. 
i.p. 
i.p. 

unilateral 
convulsion 7/? 

eeneralized. 
\!·£:"ener aliz ed; 
1~~.1\t~~ 

rt{;,.. ~V- • 0. .i4lJ 

Questionable Jacksonian attack. Rt. eyelid; 
Ptosis rt. eyelid. 110 " 
( 2) plus 143 " 

( 0) 
( 3) 

(2)plus 

( 2) 
(0) 

152 " 
W. 164 n 

168 " 

188 " 
193 " 

Jacksonian 
onset. 

Began with 

rw~~~~ 
Body turna:l1t. 
Rt. sided cnset 
La.t er tonic 
turning of 
head to rt. 
Not latera:ID:d 

Summary of Dosing: Pre-operative camphor dose established at 1.5 cc/Kg. 
The post-operative camphor dose was found to be 1.8, of wormwood .7 
That is, the camphor dose was raised .3, the wormwood dose lowered 1.3 

Histology: The bit of muscle present overlies a greatly degenerated 
area of brain in which the meningeal relationships are completely lost. 
The degenerated and partially autolyzed brain tissue is slightly in
grown with connective tissue; the normal brain, however, is practical~ 
free of connective tissue if one may judge without serial secDions. 
There is active phagocytosis. 



-99-

4156. 
His~logy continued: The sections show an active destructive process 
with practically no connective tissue reaction. They suggest that 
the lowered convulsant threshold may be due m a local area of cortical 
hyperexcitability, and in this cat the convulsive attacks were from 
the post-operative onset of focal origin· with later spread. 
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4157: Large Tom. 
Occipital pole excision: ( ¥V.P). Sutures set about the occipital 
pole, drawn, and block lopped out. Dura sewn satisfactorily. 

Da. te: Weight: Dose: Total: Result: Convulsant: Days: Remarks. 

12./18 3.9 X 1.7: 6.6 ( 1) i.p. 
2/18 4.0 X 1.7: 6.8 ( 0) c. 59 
3/6 4.5 :X 1.9: 8.6 ( 0) 75 
3z11 4.6 X 2.1: 9.7 (0) 80 
3Zl5 4.6 X 2.3: 10.6 (0) 84 
3/20 4.6 X 2. 5: 11.6 ( 0) 89 
3/27 4.6 X 2.7: 12·. 5 (0) 96 
4/3 4.5 X 2.9: 13.0 (0) 103 
4Zl5 4.7 X 3.1: 14.6 ( 3) 115 bilateral. 
4/15 Death in status. 

Summary of Dosing: Pre-operative camphor dose established at 1.7 cc/Kg. 
The post-operative camphor dose was found to be 3.1. That is an in
crease of 1.4 The cat died in a crunphor convulsion before being dosed 
wi. th wonnwood. 

Histology: Study of the sections shows an irregu.lar and uncertain dural 
covering over the e£cised surface. The gross findings of relatively 
little reaction at the excision site were not borne out in that micro
scopically there could be seen a proliferation of connective tissue 
over the excision surface, with many fine connective tissue projections 
at right angles to the surface, :penetratin~ sometimes as deeply Ls 
the white matter. 

The operative obJective was not obtained in this case if one may 
judge histologically. Oonf~rmation is Jacking in the form of results 
with wormwood oil, but the appearance of the sections is much like that 
seen in #4135. 
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4159:Adult male. 
Frontal pole exc1s1on: {W.P.) Block~ suture exc1s1on of the en
tire :pole anterior to the cruciate ·sulcus. Dura carefully sewn. 

Date: Weight: Dcre: Total: Result: Convulsant: D3.ys: Remarks: 

12/20 
2/18 
3/6 
3/11 
3/15 
3/20 
3/.27 
4/3 
4/15 
4/24 

4/25 

6/3 
6/12 
6/24 
6/.28 
7/18 
7/23 
7/.28 
8/.1 
8/6 

2.7 X 1.7: 
X 1.7: 3. 5 

3.6 
3.5 X 

3.4 X 
3.3 X 

X 

X 3.4 
3.4 
3.4 

X 

X 
3. 3 X 

1.6: 
1.9: 
2. 2: 
2. 4: 
2. 6: 
2.9: 
3. 2: 
3.4: 

3.6 X 2.4: 
3.5 X 2.2: 
3.0 X 1.0: 
3.1 X 1.5: 
3.0 X 2.0: 
3.0 X 2.4: 
3.0 X 2.2: 
3.0 X 2.0: 
Sa cri fi c ed. 

4.6 
6.0 
5.8 
6. 6 
7.6 
7.9 
9.1 

10.0 
11.0 
11.2 

8.8 
7.8 
3.0 
4.6 
6.0 
7.2 
7.0 
6.0 

( 2) 
( 0) 
( 0) 
(0) 
(0) 
( 0) 
(0) 
( 0) 
( 0) 
(2) 

(S) 

( 2) 
(0) 
( 0) 
( 0) 
( 0) 
( 2) 
( 2) :plus 
( 0) :plus 

c. 

w. 

57 
73 
78 
82 
67 
94 

101 
113 
122 

123 

142 
151 
163 
167 
187 
192 
197 
201 

i.:p. 

Bilateral with 
subsequent :parei: 
rt. rear. 
Convulsive move
ments bilateraTicy 
of face. 

Bilateral. 
l:ot la teraliz ed. 

Snmmar;v of Dosing: Pre-operative camphor dose establisred at 1.7 cc/K€ 
The :post-operative camphor dose was found to be 2.4, of wormwood 2.1 
That is, the camphor dose was raised .7, the wormwood. dose was raised 
.1 

Histology: The muscle, throughout which there is a great deal of cel
lular reaction, has become firmly adherent to the underlying meninges. 
The dura cannot be made out with definition. The arachnoid has be-
come cystic and there are great interstices where it drops in to fill 
occasional depressions. The cerebral defeet resulting from the ex
cision reaches down into the white matter. It is lined with a single 
layer of cells, apparently an extension of the :pia-arachnoid, suppor
ted upon a tantentially running glial framework. 

The picture is one of a clean, fluid-filled Sl)ace lined with a 
I>ia-arachnoid extension. '.Vhile there is appreciable gliosis there 
is practically no connective tissue reaction. There is relatively 
little I>hagocytosis. This is the type of operative result that has 
been sought in doing the excision operation. (Photograph) 
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# 4159, Cat, Excision 

An exci i n followe by no a rrin and 
no drop in the convulsant threshold. 
~ote the epth f the cyst. 
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4182: Larg! !fom. 
Excision of Occipital Pole: (J.P.E) Pole excised cleanly by 
sharp and blunt dissection, without use of sutures. Temporal 
fascia transplant necessitated to close dura because of .hernia
tion. During the excision the animal jumped suddenly, despite 
full amytal anaesthesia, suggesting ~irect pyramidal tract in
jury. This injury was confirmed by histological study, as wilJ 
be seen below. 

lBte: 

1/24 
4/3 

Weight: Dose: Total: Result: Convulsant: Days: 

3.3 X 1.7: 5.6 
3.2 X 1.7: 5.4 

( 2) c 
Death in status. 62 

Remarks. 

Summary of Dosing: Pre-operative camphor dose established at 1.7 cc/ 
Kg. The post-operativ~ camphor dose was found to be 1.7, that dose 
giving rise to LtStatus epilepticus and q.eath 62 days after operation, 
and the second time that it was ever dosed. 

Histology: Dense meningo-muscular adhesions. Under the dura is an 
irregularly interrupted arachnoid which at intervals has become dis
pJ:aced to allow reactirlL cells and det:eneratint brB.in tissue to lie i:fJ 
thin sheets between it and the dura. At other portions of the seciion 
the pi&-arachnoid is absent in long stretches, and damaged cerebral 
tissue lies directly under the dura. Phagocytosis is marked and thErE 
is an extensive accompanying fibrosis and deep in the block there is 
slight cystic formation. A portion of the brain stem is included 
and examination proves that there was direct inJury to it at operatio~ 
for there is an ingrowth of menintes filled with blood into a moderate 
ly deep cut. Weigert-Pal stains of the cervical and thoracic cord 
show degeneration in the regions of the rubro-and cortico-spinal 
tracts on both sides, more marked on the riLht. · 

The picture is one of active and prQgressive brain damage with 
degeneration, phagocytosis, connectiue tissue ingrowth, cystic change 
and slight gliosis. In addition there is tract damage. 
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Sumnary of results- obtained in operated cats. 

1. The post-operative doses of camphor and of wormwood do not 
correspond. 

2. The followinf: tables summarize the changes in doses above or 
below the normal, and contrast the results obtained with camphor 
and wormwood. 

(i) Wounds. Cam12hor Wormwood Average Worm-

Motor 
4134 
4136 
4191 
4192 

Front~l 
4l.60 
4167 

Occi:gi tal 
4179 
4180 

(].1 Excisions. 

Parietal 
4103 

!,Ioto r 
4105 
4135 

fronta.J. 
4156 
4159 

Occipital 
4157 
4182 

Increase Decrease. 

.5 

.8 

.5 
0 

2.o.;. 
1.4 

1.9 
.3 

Camphor 
Increase. 

.3 

.7 
1.2 

.3 

.7 

1.4 
? 

1.6 
1.1 
1.4 
1.1 

1.2 
1.4 

.7 

.8 

Wormwood 
Change. 

-1.1 

t .3 
-1.2 

-1.3 
f .l 

? 

wood decrease. 

1.3 

1.3 

.75 

3. It can be seen from the above tables that among the wounds the 
reaction to wormwood was consistent among the three groups, 
whereas this cannot be said of the reaction~ to camphor. This 
we regard as but another evidence of the unreliabili ty of camphor, 
attention to which we called above. The table indicates further, 
thou€)1 the number of cases is far too small to draw definite con
clusions, that wounds in the motor area and the frontal area 
(generally in cats involving the motor area) lower the dose twice 
as far as wounds in the occipital area. 
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4. Among the exc1s1ons the same irregularity of reaction to camphor 
can be seen. 

5. On]¥ :five of the seven animals in this group can be included in 
the discussion for two died before being dosed with wormwood. 
Of these five the doses of three decreased, indicating an in
creased convulsive tendency. Presumably in these cases the 
operative aim was not attained and B. lesion comparable to a 
brain wound was created~ 

6. Microscopic study confirms the op1n1on that the operative aim was 
not attained. In cats #4135 and #4182 a severe post-operative 
scarring has occurred as indicated in the protocols. In {4156, 
a third excision in which the minimum convulsant dose was lowered, 
there is little scarring. On the other hand, the histological 
picture in this case was one of an actively destructive ~sion 
such as might well be a locus minoris resistentiae to a direct 
cortical stimulant, if such be consiared the action of wormwood 
oil and camphor. It is perhaps significant that this eat's at, 

tacks were frequently focal in character or focal in onset.#4103, 
a parietal excision, Judging from the lowering of the convulsant 
threshold, should be classed as a wound. Histological confirma
tion of this grouping is not available for this animal is being 
saved for further observation. 

7. Invariably when scarring was the operative aim the minimum con
vulsant dose was lowered as anticipated. In these cases fibrosis 
of a moderate or marked degree was present in the form of con
nective tissue ingrowth into the cerebral tissue. In addition 
there was invariably anchoring of the br~tin and an arachnitis 
of varying degree. 
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Pre-operative Camphor Doses in Monkeys: 

The monkeys used in these experiments (macacus rhesus) 

were acquired at three different time&. The first group proved 

to have minimum convulsant doses quite comparable to those of 

the usual rQn of cats. They reacted in nniform fashion to pre-
~e~~ 

operative dosing~and no controls were kept after it was felt that 

the doses had been safely established. The second and third 

groups, obtained from the same dealer and having their origin 

in India as had the first group, differed from their fellows in 

having hairless tails. A representative of the company con

sidered them to be closely allied. The minimwm convulsant doses 

in these animals were, however, slightly lower. One animal was 

kept as a control from the second group and has not been 

operated upon but has been dosed with camphor at regular inter

vals. He has shown a remarkable constancy of reaction. His 

record is given here, the pre-operative doses of the other 

monkeys being given with the individual protoools. 
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Camphor Dosage in Control Monkey, 

4215: 

Date: Weight: Dose: Tota.l: Result: Convulsant: Days: Remarks. 

4/22 2.0 X 1.6: 3.2 (2)ffff c. Bilateral. 
4Z2s 2.0 X 1.2: 2.4 (O) 3. 
4Z2a 2.0 X 1.4: 2.8 (2)fff 6 Bilateral. 
5/6 2.3 X 1.2: 2.7 (2) 14 " 
5/9 2.0 X 1.0: 2.0 (0) 17 " 
~1.ig 2.0 X 1.2: 2.4 (2)f 21 " 

2.2 X 1.1: 2.5 (0) 27 n 

5/27 2.0 X 1.2: 2.4 {1)(1)(2) 35 " 
5/.30 2.0 X 1.1: 2.2 (O) 38 
6~2- 2.0 X 1.2: 2.4 (2) 41 
6·.16 2.2 X 1.1: 2.4 (O) 55 
6Z2t 2.1 X 1.2: 2.5 (2) 66 
'1/16 2.0 X 1.1: 2.2 (2)(1)(2) 85 
"1/17 Death - miliary tuberculosis. 86 

Comment: The minimum convulsant dose of this animal was estab-

1ished at 1.2 ccfKg. Dosed with camphor thirteen times he showed 

no appreciable change at any time. Even the day prior to death 

from miliary tuberculosis there was little change in his reaction 

to the convulsant. 
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Post-operative Doses in 1v!onkeys: 

The operated monkeys have been divided into four groaps. 

Group I comprises a single animal, ased as an operative control. 

In his case a simple decompression was done over the motor area, 

the dura was opened and immediately closed, after which the 

closure of the skin flap was made in the usual fashion. As 

will be seen this procedure was without effect on the minimum 

convulsant dose. This fact having been established, exploratory 

operation was done, a brai~ woQnd made, and the animal was trans-

ferred from Group I to Group II. However, he died so shortly 
~~~~~ 

after~that he is included only in the first group. 

Group II is made up of six animals in which brain wound•o~~~ 

were performed. Many of these animals had had Qnilateral 

cervical sympathectomies; one had had a bilateral sympathectomy. 

In these operations the vertebral portionsof the inferior 

cervioal ganglion with the nerves running to and on the vertebral 

artery were taken; ooaasionally the entire stellate ganglion 

rather than only the vertebral portion of it was taken. (For a 

desaription of the operative proaedure of vertebral ganglion-

ectomy, see Ge~in and Penfield 1929). In addition the 

superior oervioal gtinglion with its branches was dissected out, 

the branoh rQnning to the internal oarotid artery avulsed, and 

finally the internal oarotid artery was deoortioated as had been 

the vertebral. In no instance oonld any change upon the type 

or severity of the later convulsions be observed other than as 

listed in the oommenta in the protoools; therefore all these 

animals are grouped with those having only brain wounds. Note 
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is made in each instance, however, when a sympatetic operation 

ha~ been perfo~ed. These animals will be included more fully 

in a later report bearing upon the vasomotor supply of the cere

bral arteries - to be issued from the department. 

Groap 111 comprises fou.r monkeys. In two of these block 

excision of the pre-preoentral region was performed, in the third 

a frontal pole amputation was done; in the fourth the frontal pole 

and also the tip of the temporal were amputated. Of these animals 

two have been kept for further observation. 

Gronp lV includes only two animals, long-standing brain wounds 

with a definite reduction of minimum convulsant doses in which the 

cerebral soars were removed in an attempt to raise the minimum con

vulsant doses back to their old thresholds. Both of these animals 

are being kept for a longer period of observation. 
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Surface Markings of the 
Brain of iacacus Rhesus 

A. Coronal uture, which form a conventent 
landmark tote c ntral grrus which it some
times overlies. 

B. La doidal suture. 

C. Central gyru . 

D. Ire-central vein. 

E. osterior fro tal v in 

F. Anterior rontal vein 

Not e : The l o cation f t e v in ·· i L v · ~. ~.id. ) l . , 
as in the human. rhe figure re:pre .... ents the 
1 ua findings. Farad.·c stimu ation ha alw s 
be Jn eu to ocate th. m to· zone. It a· e ~
some~· t furtler forwa t1 ~ in · ~u~teu. 
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Group 1: Decompression and Dural Opening. 

4240: Female. 

Operative Note: Craniotomy with opening of dura, right. J.P.E. 
After dec om:pressi on the. ·dura was opened and turned upward ex
posing the pre-central vein. The flap was immediEtely returned 
to place and carefully closed. At the bottom it could not be 
closely ~proximated and a gap of 2 mm. was left for a distance 
of 4 or 5 mm. 

Date: Weight: . Dose: Total: Result: Convulsant: Days: Remarks: 

5/9 2.8 X 1.5 4.2 (2)(0}f c. of twitchir.gJ 
of both eye-
lids, 7 on Jt; 
twit chings of 
left face. 

5/13 2.5 X 1.4 . 3.5 (1)(2) c. Bilateral. . 
5/19 2.5 X 1.2. . 3.0 ( 2) c. " . 
5/27 2.7 X 1.1 3.0 ( 1) c. :Not later8.-

li zed. 
5/30 2.5 X 1.0 . 2.5 ( 0) c. . 
6/2 2.6 X 1.1 2.8 ( 0) c. 
6/5 Simple craniotomy with opening of dura ritht. 
6/27 2.7 X 1.1 . 3.0 ( 0) c. 22. . 
7/16 2.6 X 1.4 3. 6 (O)f c. 41. 
7/22 2.7 X 1.6 • 4.3 (2}(l)f(2)f c . 47. • 
7/25 2.7 X 1.4 . 3.8 ( 0) c. 50. . 
7/30 Excision of dura and wounding of ril.ht pre-:precentral area. 
8/11 2.5 X 1.5 . 3.8 ( 0) c 67 • 

Summary: This monkey's pre-operative dose was definitely established 
at 1.1 cc/Kg. After the operation its minimum convulsant dose rose 
to 1. 5 cc/Kg. Fifty-five days :post-operatively the ore rati ve site 
was re-opened. The loose areolar tissue underlying the skin was ad
herent to the underl~~ing dura but showed no inflanr.1atory changes. The 
dura in turn was \~ui te adherent to the pie -arachnoid in several places. 
The dura was excised and with it was taken a small block of adherent 
cerebral tissue for microscopic examination. A good deal of inten
tional, but quite superficial, wounding of the brain substance was then 
d-as. Dural defect not closed, the remaining fenestrated areolar t is
sue was drawn over, and the skin tightly closed. Monkey transferred 
to Group 2. Shortly after transfer, and before the post-operative 
dose could be re-established it died suddenly of milihry tuberculosis. 

Examination of excised dura and brain: Examination ofthe sections of 
dura and the immediately adja.cent brafn which were removed at the se
cond operation, the time of infliction of the brain wound, shows the 
dura to have become adherent to the overlying areolar tissue and mus
cle fibers. The dura in turn is adherent to the'underlying arachnoid 
which, however, seems to be no more adherent than usual to the under
lying pia. The cerebral tissue shows no connective tissue or glial 
reaction whatsoever. The end result of the first operation was then, 
simply an anchorillL of the menth.ngec:.l coverines and therefore of the 
brain to the extra-cranial tissues. Ther:e was no brain damage. 
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#4240 continued. 

Stud¥ of the brain wound removed at :post-mortem. The dura and re-
acting arachnoid have become adherent to a large block of degenerating 
cerebral tissue isolated from the remainder of the brain by two heavy 
connective tissue partitions 1R ssing downward into the cerebral tissue, 
not joining in the depths but sending out occasional spraying fibers 
at their deepest parts. Between these two partitions there run 
through the degenerating brain tremendous numbers of small c~illaries 
bre~:ing up the cerebral tissue into groups of ten, twenty and thirty 
nuclei. Superficially, where the degeneration seems to have progres
sed more rapidly, scs_venger cells are present in abundance. Deeper, 
phagocytosis seems not to have begun as yet. 

This animal, who died eleven days after her second operation, 
forms the most striking example of the series of the basis for later 
cerebral scarring {Photograph). 
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# 42 40, l>J!on..!{ey, ound 

Low power view of a recent cerebral wound 
sho ing the remarkable ncrease in vascu
larity and illustrating the isolation of 
small collections of cells by ca:pilla.ry 
ingrowth. 
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42 40, Monkey, l,Tound 

A higher magnification of the capillary prolif
- eration shown in the previous plate. 



Group 11: Brain Wou.nds. 

4142: Male. 
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Operative Note: re- recentral re ion wo~d. (J.P.E) 
M:otOr area define by arad c s imQ a ion. An erior to the arm 
eenter a block of tissQe li x lt ~· and about 2 cm. deep was par
tially excised, so that it hung by a posterior fla:p. The pia-arach
noid of the surrounding area was damaged. DQra was olosed with con
tinuous silk sutQre. 

Superior & Inferior Cervical Ganglionectomy, right. 2/5/30. 

Date: Weight: Dose: T'otal_: Resu.l.t: Oonv11lsant. Days: 

1/10 
1/17 

1/23 
2/.24 
3Zl2 
3/.18 
3/21 
4/10 

4(}..6 
4/.22 
4Z2s 
4/28 

5/.6 
5/9 

5/20 

2.0 X 1.5: 3.0 (O) c. 
2.2 X 1.6: 3.5 

2.0 X 1.6: 3.2 (1) 
1.8 X 1.6: 2.9 (O) 
1.9 X 1.7: 3.2 (2) 
1.8 X 1.7: 3.1 (2)f 
Right pre-preaentral wound. 
2.2 X 1.6: 3.5 (2)ffff 

1.8 X 1.3: 2.3 (O) 
1.5 X 1.4: 2.1 
1.6 X 1.4: 2.2 (2) 
1.8 X 1.3: 2.3 (2)fffff 
1.6 X 1.0: 1.6 (0) 
Ergotamine 3 mg. by stomach tube 

" t f 1 mg. i.v. at half hour 
intervals. 

Death - miliary tuberculosis. 

19 
35 
41 

20 

26 
32 
35 
38 

46 
49 

53 
60 

Remarks: 

Full dose not 
given. 

Bilateral. 

Lt.sided pre
ponderance. 

Lateralizatiolf 
Jaoksonian; rt. 
sided. 

Summary of Dosing: A pre-operative dose of 1.6 was not varied 
appreciably by a right superior and inferior cervical sympathectomy. 
With the passage of time, after the infliction of the brain woQnd, 
the dose ... was progressively lowered so that 1.3 acjKg. gave a series 
of convalsions at 38 days. 1.0 oo/Kg. at 46 days was under the 
convulsant threshold. Unfortunately the animal died two months 
post-operatively ot miliary tuberouloais. 

:Er1eto1of;y:There is a dense mllscu.lo-meningeal-oerebral adhesion. The 
araohno d is greatly proliferated throllghollt the entire seotion and 
is infiltrated with many soavenger oells. A broad connective tis
Slle oore extends down to the white matter. The picture is one ofa 
typical wound reaction. 
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4143: Mate • 

Pre-precentral Brain ~~ound, right. 2;13. J.:P.E. 
By faradic stimulation the hand and foot areas were located and 

~nterior to them severa~ deep cuts were made into the cortex nearly 
isolating a block of tissue. The area wounded ~ay directly under the 
:pre-centra~ vein which was tied on either side of the area. .~hen the 
dura was turnei back it was punctured several times with a dural hook 
in the hope of promoting adhesions. The dura was clos.ed completely 
except for a small gap anteriorly. 

Date: -.ieight: Dose: Total: Result: Convul- Days: Remarks 
sant: 

1jlU ~.0 X 1.5 . 3.0 (0) c . 
1J.17 2.3 X 1.6 • 3.7 (0) • 
1/23 2.5 X 1.7 . 4.2 (0) . 
2/ 4 2.2 X 1.8 • 4.0 \2) ~ . 

Rt~~ k . 3/12 2.0 X 1.8 3.6 ( 2) ( ~ )£2) I 40 ... Jer J.ng. 

3/18 
( 2) ( rt) 

2..0 X 1.7 3.4 (2) 46 Not 1ateralized 
3j25 1.9 X 1.7 3.2 (0) 53 Jerking of rt. foot 
3/25 Bitten by rats 
4/ 4 Con~sive seizure of left face - no invo~vement of extrere tJ.es 

63 
4/ 5 Death - mi~iary tuberculosis 64 

uummaxy of Dosing: This protocol serves to demonstrate that the re
duction of uose following operatJ.on varies in different animals. rihere
as in the previous animal there was a definite reduction in dose at 38 
days, in this one there had been nb appreciable reduction at bD days. 
un the 63rd day, however, the day prior to death, there was observed a 
definite Jacksonian convulsion of short duration involving the left face. 
Apparently the miliary tubercu.Los~ was a much better rrconvulaanttr than 
was the camphor. 

Histology: The gross specimen shows the overlying skin an4 areolar 
tissue to be adherent to the dura. The dura in turn is adherent to the 
brain. 1~icroscopica~ly the dura is found not to be vascularized and 
the pia-arachnoid, except in the immediate vicinity of the wound, is 
norm~l. 

A tongue of brain tissue, that nearly isol~ted ~t the time of opera
tion ana now comp~etely degenerated, is in the section completely isolat
ed from the remainder of the brain by connective tissue septa, made up 
of a loosely proliferated a~achnoid extension filled with scavenger cells. 
~t the base of the tongue the connective tissue extends onward into the 
brain sending in numerous projections, not high~y vascularized· but ac
companied by gre~t numbers of scavenger ce~~. ~here is a slight glial 
reaction. The possibility of connective tissue pull in this instance 
was great, ~pparently. 
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4139: Male. 

Operative Note: Right Motor Cortex ¥found. 4/11/30. J-.J::I.~. 
A very extensive wound at the motor cortex involving the hand and 

toot areas as outlined by faradic stimulation was made. rt was not deep, 
hO¥-ever, extending only about 5 mm. into the motar cortex. The dura was 
closed anteriorly, but that portion of it overlying the wound was shredded. 

Date: Weight: Dose: Total: Resu.Lt: 

12/12 
1/10 
1j17 
1.23 
2/ 4 
2/14 
2/20 
2t24 
3/12 
3/18 
3;25 
3/28 
4/28 
5j 6 
5/ 9 
5t,l3 
5j 2'1 
6tl6 
7; 2 

2.3 X 1.7 : 3.9 (2)(1)(2)f 
2.0 X 1.5 : 3.0 (0) 
2.0 X 1.5 : 3.0 (0) 
1.9 X 1.6 : 3.0 (0) 
1.9 X 1.7 : 3.Z \0) 
2.0 X 1.7 : 3.4 (l) 
1.9 X 2.1 : 4.0 (0) 
1.9 X 2.6 : 4.9 (0) 
2.0 X 10.0 20.0 (0) 
2.0 X 1.7 : 3.4 (2)ff 
4~lb x .2cc : .9cc (O) 

4lb6oz x.35cc 1.5oc (0) 
1.8 X 1.5 : 2.'1 (l) 
1.9 X 1.3 : 2.5 (lf} 
1.9 X 1.0 : 1.9 (0) 
1.76 x 1.0 : 1.76cc{O) 
1.9 X 1.0 : 1.9 (0) 
2.0 X 1.1 : 2.2 (0) 
Death - Tubercu.Losis. 

Convul- Days 
sant: 

c 

w 
v~ 

.J 
c 

Ess.of' A 
Ess.of A 

c 17 
25 
28 
~a 
46 
66 

Re mar m 

i.p. 

Not 1ateralized 
rr rr 

ullmmary of .uosing:- In this animal, a wound situated d.Lrectly in the 
motor area, reduced the dose of camphor on.Ly from 1.7 to 1.3 at 25 days. 
At 66 days 1.1 did not produce a convu.Lsion. Unfortunately this animal's 
life was also cut short by severe tubercu~osi~. 

Hiatologt: At post-mortem the dura. was torn away from the. underlying 
brain to whic it was adherent and connection was maintained only by two 
large capi.L.L~ries rnnning from dura into the wound site. In preparation 
of the microscopic section the dura was oomp.Lete.Ly lost. Examin~tion 
of the sections micros·copically shaw1s a cerebra.l defect of about 3 mm. 
depth which it:! lined by a pia-arachnoid extension. ]1rom the bottom of 
the a.efect ex'tends Just into the white matter a wound tracK the lower 
half of which is fi.J..led with a connective tissue core from which there 
extend outwards glial fibers. fhe gliosis is only moderate and there is 
a. good deal' of cystic change about the tracK. itself. Near the surface 
of the brain the traox is empty except for the presence of three large 
capillaries. At the surface of' the brain there are a great many red 
blood cel.J..s and occasiona.L phagocytes. ~he walls of the track down to 
the connective tissue core are li#ed w1th many red blood corpusc.Les and 
occas1onal phagocytes. 
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4149: Male. 

Operative Note: Right Motor Oortex .. ound. c.~ • ..l:'.~. 
Faradic Dtimul~tion of the supposed motor cortex resu~ted oniy in 

movements of the arm. This active area, lying behind the pre-central 
vein, w~s almost isol~ted with scissors cuts. Dura closed completely. 

5uperior c,c Inf'er-ior Cervical Ganglionectomy, right. 2/5. 

Date: vieight: Dose: Total; Resui t: C_onvul- Days: 
sant~ 

lJ l '1 
1/23 
2j24 
3/12 
-'/18 
3/19 

4/10 

4tl6 
4JL2 
4,25 
4/28 
5/ 6 
5/ 4 
5jl3 
5/~7 
6/2'1 
'lJ16 
'1J22 
'l/25 
7/30 
a/11 

2.6 X 1.6 . 4.2 (2) c • 
2.6 X 1.6 . 4.2 {2) . 
2.4 X 1.6 . 3.8 {0) . 
2.5 X 1.7 . 4.2 ( 3) { Z) . 
2.4 X 1.7 . 4.1 (Z)trrrr . 
Right Motor ~rea ~ound. 

\2)ttrrrt c 

2.4 X 1.3 3.1 ,3)(2)tt 
2.5 X 1.1 . 2.7 \ 2) . 
~.'1 X 1.0 . 2.'1 { 2) 
2.4 X o.8 . 1.9 lO) . 
2.5 X 0.7 1.7- \0) 
2.5 X .76 . 1.9 ( 0) . 
2.5 X .a . 2.6 ( u) . 
2.6 X .a . 2.0 \0) . 
2.9 X .a 2.3 (u) 
z.a X .9 . 2.5 ( 2) . 
Z.'l X .~ . 2.4 l u) • 
2.9 X .9 . 2.6 (0) . 
2.a X .9 . 2.5 (0) . 
Not dosed • 

19 
35 
41 

28 
M 
37 
40 
48 
51 
55 
6~ 

lOO 
119 
125 
128 
133 

Remarks; 

Bilateral 
a 

iredominantly rt. 
sided, some l~ttle lt. 
s1ded twitchings. 
Rt. si. ded twi tchings 
n rr rr 
TT tr 

Full dose not given 

Not la.teraiized 

.3ummar{: The change in this animai • a dosage fo.liowirg sympathectomy 
is difficu.l to account for. Maximum functiona.l disability of the sym
pathetic on the right side ~resumably occurred before 19 days so that it 
seems hardly ~iKely that the sympathectomy was responsibie for the change. 
The possibility of an increasing sueceptibi.lity to camphor which is qnly 
aggrav~ted in the dosages fo.l~owing the cerebra.l injury must be consider
ed. certainly it is strongly suggested. our interpretation, perhaps 
prejudiced, wou.ld be that the iarge number of convuiaions on the forty
first day ~fter sympathectomy was more or less of a chance ha~pening, 
that 1.6cc;Kg or 1.5 wou1d have oeen the minimum convulsant dose, a not 
s~gnif:icant change. The· drop in the minimum convulsant dose from the 
pre-operatiwe 1.6 to 1~0 on the fortieth day post-oper~tive~is, then, 
str1~1ng. Repeated attempts through the .l33rd nay failed to .lower the 
dose any further. 
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4145: Ma..Le. 

Operative .Note: .BilateraJ. Motor Cortex ivounds, hand areas.4tll 
Motor areas outlined by faradic stimuJ.~tion. BilateraJ. 

wounQS of the hand areas - three cornered blocKs of tissue several mm. in 
diameter, and several mm. deep were nearly excised. Subse~uently the 
overlying pia-arachnoid was scarified. Dura compJ.eteJ.y cJ.osed biLateraJ.
ly. 

Date: Weight: Dose: Total: Result: Convul- Days: 
sant 

Remarks: 

ltlO 
lj23 
2/'4 

2/ 8 
GjGO 
2j24 
3jl&:; 
3jl8 
3j25 
3j28 
4j28 
5/ 6 
5t 9 

5jl~ 
5j27 
6t 9 
6tl6 

6jl8 

6t27 
7jl6 
7j22 
7/25 
7j30 
8 4 " 8jll 

3.2 
3.0 
3.0 

X 3 • .2 
X 1.6 
X 1.5 

1.5 
2.4 
3.2 
4.5 

: 5.1 
4.8 
4.5 

. 
• 

. . 
4.3 
7.0 
9.3 

2.9 X 
2.9 X 
2.9 X 
2.9 X 
2.7 X 

6lb4oz x 
6J.b5oz x 
2.6 X 
~.5 X 
2.5 X 

11.0 
.04cc 
.25cc : 

13.0 
29.5' 

.25cc 
1.6oc 
3.9 
3.0 
2.5 

2.6 X 

2.6 X 

2.7 X 
2.6 X 

1.5 
1.~ 

1.0 

u.7 
0.5 
0.5 
u.5 

. 
• . 
• . . 
. . . . . . 

1.8 
1.3 
1.4 
1.3 

\ 2) 
(2)f 
(0) 

(2) (2J 
(0) 
(0) 
(0) 
{0) 
(0) 
(0) 
{0) 
( 2) 
( 2) 

c 

w 

ASS.of A 
fT 

c 17 
25 

Full dose not given 
1.4cc 

28 Bilateral. Rt. sided 
jerKs sl~ghtJ.y exag
gerated over J.t. 

32 BiJ.ateral 
46 
59 
66 

Right ~uperior & .1nferior Cervical Ganglionectomies • Transection 
of Right .1nterna1 Carotid Artery. 

~.9 
2.7 
Z.7 
2.7 
2.8 
2.6 
Ge7 

x o.a 
X 1.0 
X 1.3 
X 1.1 
X 1.2 
X 1.1 
X 0.8 

: 2.3 
: 2.'1 
; 3.5 
: 3.0 
: 3.4 
: 2.9 
; 2.2 

ll 
30 
36 
39 
44 
49 
56 

~ummarz of Dosing: ~re-ogeratively this monKey•s dose was est~b
lished at 1.5 cc/Kg. 32 d~ys following operat1on the dose hud falJ.en to 
.7CCJ.Ji8• Three J.ater attempts to est~blish the dose at .5 CC/f.\.8 fai.led, 
the last at 66 days. vwby the dose shouJ.d have increased again after 
right s~ded symgathectomy neea not concer.n us here since there is no 
ground for assuming th~t the animai ~gained a tolerance for the drug 
through repeated dosing. 
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4212: Male. 

O:pe_rC::i.ti ve ~-ote; Right Motor ~rea wiOund. J .l:' • ..c;. 
The operative procedure fml~owed in this animal differed from that 

in the other wound monkeys in that in this case a bone flap was turned 
down instead of a. decompression being done. .,ith faradic current the 
hand and arm areas were located. In the hand area several scissors cuts 
a centimeter deep were DL~de. The dura was then carefu~~y sewn posteriorly. 
Anterior1y, over the wounded area, it was shredded. Bone flap carefully 
replaced. 

Date: ~--eight: Dose: Tot a~: Result: 

4;16 5lb ~lozx .04 . .22cc {1) . 
4/22 2.5 X 1.6 . 4.0 (Z)ffttf . 
4;25 2.5 X 1.2. 3.0 l3) 
4/28 2.5 X 1.0 . 2.5 {0) . 

Convul- Days: 
sant: 

:ileeue~ A 
0 

RemarKs: 

4/30 Operation - Right 5uperior & Inferior Gang~ionectomies. 

5/ 
Left Infer1or Gang~ionectomy. 

8 Operation - Left Super1or Ganglionectomy 

5/27 2.2 X 1.2 2.6 (G) ( l) (2)fffiullytal 19 
5;30 ~.6 X 0.8 2.0 {0) c 22 
61, 2 ~.0 X 1.0 . 2.0 ( 3) 25 . 
6J. 9 G.U X 0.9 1.8 (0) 32 
6;16 2.2 X 1.0 . 2.2 (U) 39 . 
6;17 Right pre-central -.. -ound 
6j~7 2.6 x 1.u 2.6 (~) 11 
7/16 2.2 X U.8 . 1.7 (0) 30 . 
7j22 2.3 X 0.8 . 1.8 (O) 36 . 
7/t:.5 Not doaed. 
7;30 2.4 X 0.8 1.9 (0) 41 
8;11 2.«' X 0.9 . 2.1 (O) 53 . 

~ummary of Dosing: The pre-operative dose of 1.2 was little reduced 
by biiatera~ cerv~c~ sympathectomy. Nor was the dose appreciably de
ereC::i.sed by infliction of a brain wound in tta motor area. The resu~t 
suggests that :possibly the development of aonvulsion was prevented by the 
sympathectomy. fhis and ~her resu~ts of sympathectomy need not be dis
cussed here. 
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Group III: Exc~sions. 

421J : Male • 

Operative Note: Exc~s1on of Right Frontal ~ole and of Tip of Right 
TemForal Pole. J.P.E. 
Bone flap. ~ura tur.ned up so as to expose the entire area anterior 

to the pre-central vein. Just anterior to the vein movements of the 
extremities were obtained by faradic stimulation. The line of frontal 
pole excision lay just anterior to the pre-precantral vein. The removal 
was clean except for the tissue lying about the origin of the middle cere
bral artery. SUbsequently the tip of the temporal pole was excised, 
approach being made behind the great sphenoid wing. ~ura tightly closed. 
Bone fl~p secured. Two bone buttons rep~aced. 

Date: v-·eight: Dose: Tota.J.: Re sUit: Convul- Days: RemarKs: 
sant: 

4/16 4lb .l5oz; x 0.07 . 0.34 (0) E:seaef' A • 
4j22 2.3 X 3.0 6.9 (2) (~) (2) c Bilateral. 

(error) A 
4/25 2.3 X 1.3 . 3.0 {0) c . 
4/28 2.0 X 1.4 z.8 (0} 
5/ 6 2.1 X 1.5 . 3.1 {2) Bilateral . 
5/9 2.0 X 1.4 . 2.8 \1) tt 

• 
5jl~ GeO X 1.3 2.6 (1) (G) tr 

5/l'j 2.~ X 1.2 . 2.6 ( 2) tf . 
5jG7 2.3 X J..O : !1-3 \ 2) n 

5j30 2.2 X 0.8 . 1.76 \0) . 
6j 2 2.1 X 1.0 2.1 \U) 
6t 6 Frontal po~e excis~on r1ght and exc1.s ion of tip of temporal po~e rt. 

6j27 2.2 X 1.0 . 2.~ \U) 22 . 
7/16 2.~ X 1.2 . 2.6 (O) 41 • 
7/22 z.;o X 1.4 3.2 (2}/-f 47 
7/25 2.3 X 1.2 2.8 (O) 50 Uic..d 
7j30 2.3 X 1.3 3.0 {0) 55 Lefts paresis. 
8/ 4 2.2 1.4 3.1 (2)ff 60 ... 

X . . 
8jll 2.2 X 1.Z . 2.6 (2)f 67 Second attack right . 

sided, f1.rst not 
lateralized defin-
ite.ly. 

~1Tm~ry of Dosing: ~ pre-oper~tive dose of l.u cc was not J.owered by 
the exc~s~on within a period of 67 days. It is too early to say definite
!~ th~t the dose may not be lowered .later. The animal is being Kept for 
further observation. 
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4233: Male. 

Operative Note: Right pre-precentral Area excision • J • .P.E. 
l3one flap. ·~hen the dural flap was turned upward an irregu..tar 

venous distribut~on was found which .Led to some uncertainty as to area 
exposed. vvith faradic current, however, movements of tre. e.xtremities 
were obtained and a block excision of tba area lying anterior to the 
mat;or area was done. nFour sutures set and 1Jied. .ii. block of tissue 
Zi x li x lt cm. removed from the mid-line outward ••• There were a few 
shreds of white matter left in the bottom of the excavation. The 
posterior li_p was a little ragged. rf Dura tightly closed. Bone flap 
secured in ~lace. 

Date: weight: Dose: Tota.t: Res~t: Convul- Days: 
sant: 

5; ~ 
5jl3 
5fl9 

5}27 
5.30 
6/ G 
6j 9 
6jl1 
6;27 
7jl6 
7/22 
7/25 
7jao 
8t4 
8/11 

3.0 
3.2 
2.95 

~.7 
3.5 
3.0 
3.1 

Right 
3.6 
3.3 
3.1 
~.o 
3.0 
3.0 
3.U 

:X: 1.5 : 4.5 
~ '"?j 
.5cc 

l G) 
(3f} 

( 1 t ( 2f { 2) 

.2cc (0) 
X 1.4 : 4.9 (1) 

.23 (0) 

.30 (0) 
pre-precentra.t excis~on. 

X 1.4 : 5.1 (0) 
:X: 1.5 5.0 (0) 
X 2.0 6.3 (2) 
X 1.7 : 5.1 (O) 
X 1.~ : 5.7 (0) 
X 2.0 : 6.0 (2)ff 
X 1.8 5.4 l~)fff 

c 
Ol.Abs. 
n rr (l~?.o) 

c 
01.Abs lt L-.l~ 
If n (1 ~2o) 

c 16 
35 
41 
44 
49 
54 
61 

Remar.K.s: 

Bilateral 
n i.v. 

*Forcible turning 
of head and eyes 
to right other
wise bi.tateral. 

Not lc:a.teralized 

Not def'~nitely 
.La.tera.tized, pro· 
bably rt. sided. 

. .:m;g,ry of JJOS1Ilg: A pre-operative dose of 1.4 was raised to 
2.u at ~~ys. a weeK later L.8 was sl1ghtly over the m~n~mum con
VUlsant dose. ~whether the dose wi.tl drop progressively is a matter 
of conjecture. ~he anima~ is being Kept for further observation. 
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4232 : :Male • 

Operative Note: Right pre-precentral area excision • J.~.~~ 
Bone flap. uura turned upward. rreoentral vein exposed in 

posterior third of exposed brCi.in. -vi th farad~c current the motor 
area was outlined ~ying behind the vein. 6utures were then set, the 
posterior one just anterior to the precentral vein, the anterior 
suture so as to in~lude,the ~re-precentral or posterior frontal vein. 
A bl.ock of 1ii ssue -;i"" x trt x -trr cl.ea.n.Ly removed. Dura carefu.ily sewn. 
Bone flap secured in place. 

Date: •• eight: Dose: Tota~: Result: Convu.1- Dcwrs: RemarKs: 
sant: 

5t 9 2.6 X .L.5 3.9 l2)ff{l) c Bil.ateral 
5/13 2.4 X l.G . 2.9 ( 0) • 
5jl9 ~.5 X l.D 2.2 lU) v~·ea.iale ss & inco-

ordinat.1.on more 
marKed on .Left. 

5j27 ~.5 X 1.3 . 3.2 \1) (l) Bilateral. . 
5fDU Right pre-precentral ~cision. 
6t~5 ..LJeath - cause undetermined. 

Death: ~6 days post-operatively ~d before being redosed, Cause 
of the a.eath undetermined. The operative wound had heal.ed we1.1. The 
bone flap was remarKabLy sol.id, the cut edges having become firm and 
united with fibrous tissue. ~he dural. edges had Knit we.il except at 
each end of the cut where there were small gaps still present. The 
dura h~ become adherent to-':",the exoisJ.on edges. 

Histo.Logy: The excision surface is covered with a loosely pro
liferated arachnoidal tissue which likewise fills the narrow space 
between dura and brain. Throughout the arachnoidal mesh are scat
tered lar~e numbers of scavent:er cells. The vascular reaction is, 
however, slight and there is practically no connective tissue in
growth into the cerebral tissue. The process is still early, how
ever, and it is conceiv&ble that v1ith the pa2.sage of time connective 
tissue infiltration might take pl~;ce. {Thotograph). 
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# 4232, Monkey, Excision 

\~. 

4,.... , ' . ., .... 

( ;' , • . P' 

••• J · . . , 

Minimal saarring reactiun following a block ex
cision of cerebral substance from the pre-pre
central area. 
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4241. Male: 

~erative Note: Excision of Right Frontal Pole. J.P.E. 
one flap. Dura. turned up exposing the pre-precentral and frontal 

veins. Faradic stimulation above the fissure of Sylvias gave er
ratic responses that apparently ':vera due to spread of the current 
backwards to the motor area. The tip of the frontal pole, all 
that portion of it lying anterior to the frontal vein, was separa
ted by sharp dissection and removed. No autara material used. 
The removal was clean except for a few tabs of tissue left in the 
olfactory groove. Ventricle presumably Opened into, though no 
cerebro-spinal fluid was seen. Dura tightly closed. Bone flap 
secured. 

Date: 

5/9 
5/13 
5/19 

~27 
z3o 

6/2 
6/9 
6Z27 
7/).6 
7Z22 
,z2s 
rt/30 

-Weisht: Dose: Total: Result: Convulsant: 
~ 

3.0 X 1.5: 4.5 (O) a 
3.1 X 1.6: 5.0 (2) 
3.1 X 1.5: 4.6 (2)(2) 

2.9 X 1.4: 4.0 (2) 
3.0 :1:. 1.2: 3.6 (O) 
3.0 X 1.3: 3.9 (2)(2)(3) 
Rt. frontal pole excision. 
3.1 X 1.3: 4.0 (2) 
2.6 X 1.2: 3.1 (O) 
2.7 X 1.3: 3.6 (O) 
2.7 X 1.3: 3.5 (O) 
Death - miliary tubercalosis. 

Days: 

18 
37 
43 
46 

Remarks: 

Bilateral. 
Bilateral .. 
Ineo-ordinai3 
movements & 
occasional 
cortical dis
charges to :in 
dividual mus-
cle groups. 
Bilateral. 

Summary of Dosing: The pre-operative dose of 1.2 was not altered 
withLn 46 days. At the end of that time the monkey died of miliary 
tuberculosis. 

Kistologz: The excision surface is covered directly by dura, the 
pia-arachnoid on one side being lost, on the other side becoming 
fused with the dura as the latter struoture reaches the excision 
site. 

Through half the section the dural fibers are arranged parallel 
to the excision surface; in the other half the daral fibers run at 
right angles to the brain and there is a slight degree of connective 
tissue infiltration of the cerebral matter, but relatively little. 
On one margin there is, at the union of dura and brain, a cellular 
reaction made up of round cells, a large number of which are loaded 
with debris. Through this area there is a moderate degree of in
creased vasoalarity but the reaction does not extend beyond the ex
cision surface. (Photograph). 
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# 4241, Monkey, Amputation of Frontal Pole 

Demonstration of t e minimal reaction oc
curin~ between excision surface and menin
ges follo ing amputation of a frontal pole. 
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Group IV: b"Xcisions of Old Brain wiounds. 

4146: Male. 

Operative Note; Right pre- recentral region wound. l 27 '36. -,~· .P. 
Parietal decompression. Mo or area de ined by ara ic s imulau on 

Anterior to the hand area and the pre-central vein several deep scissors 
cuts were made into the brain substance, almost excising a ~rge bioc~ 
or tissue. uura satisfactorily ciosed. 

Date~ Weight: Dose: Totai: Result: Convul- Days: 
sant: 

Remarks: 

lf.iO 
ij23 
2t24 
~jl2 
3jl8 
3;~ 
4;10 
4/16 
4j22 
4;25 
4j28 
5; 6 
5t 9 
5;13 
5/27 
6/16 
6t23 
7jl6 
7;£2 
7jG5 
7;30 
7j '31 

2.0 X 
1.9 X 
1.8 X 
1.~ X 
1.8 X 
1.7 X 
1.5 X 
1.6 X 
1.5 X 
1.5 X 
1.5 X 
1.5 X 
1.6 X 
1.5 X 
1.5 X 
1.9 X 

,c;xois ion 
2.0 X 
1.9 X 
2.U X 
2.0 X 

1.5 : 3.0 \1) 
1.5 2.9 (O) 
1.5 : 2.7 (l)ff 
1.5 : 2.8 ~Z)f 
1.4 2.5 (2)f 
1. 3 : 2. 2 l -2) ( -2) ( 1) 
1.2 1.8 {3) 
l.u 1.6 \2f} 
u.s 1.2 (2) 
u.7 1.0 {O) 
u.~ 1.2 \Of) 
0.6 : 0.9 (0) 
0.8 1.3 \2)f 
1.3 2.0 \l)(2}trtt\1J 
u.5 .75 \0) 
o.6 : 1.1 ,o) 
of ~oar r1ght~re-oentral 
1.3 . 2.6 \Z)ftt 
i.O :;1.9 l2)(l)f 
0.8 : 1.6 ~2) 
0.7 . 1.4 \2) 

~OlS10n of uoar. 

c 

reg1on. 

28 
44 
50 
57 
73 
79 
85 
88 
91 
99 

102 
106 
120 
140 

23 
29 
32 
37 

Right sided 
n n 
n n 

" n 
tr TT 

:r n 

Right sided 

Stl.IJlm;...ry of .rost-operative .uosing: .ci. pre-operative dose of 1.5 
was reduced at iUG days to u.8. ~t 14u days there resulted no oonvu~
sion on a dose of u.6. 

~ote~ ion.~P& 
6t c:,-.6/ o. 'J! e o1 SKin ap V(as urne own again. '.i e su -cu an-
eous tissues were found to be adherent to the dura, with no sign of an 
oid inflammatory react1on. uura f1rm1y adherent to the bone edges. 
1t was disseoted away and the decompression enlarged for better expo~ 
The dura was very firmLy adherent to the underiying brain whioh h~ 
become s1Lght~y cystio. Lnoreased vascu1~rity of the scar was not 
present and tn~ cut edges of the iso.Lated dura were not observed to 
bieed. ~ sllght.ty stronger f~radio stimu~was required to elioit 
movements from the motor zone than at the f1rst operation though the 
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current was not accurately enough measured in either operation to 
draw def~nite conclusions. fhough movements were ellCited this time 
from the scar region no convulsion could be elicited - which may mean 
th~t the sc~r region had not become a true epileptic center. ~ block 
dissection with sutures was IDQde of the scar region, apparently in 
toto. The b6.se of the e:::cision si.te w~s .Le-ft a li tt.Le ragged. The 
l~teral ventricle was opened into. ~he operative field was dry at 
c.Losure. :.t'he ciural defect was closed wi t.:1 temporal fascia from a 
healthy cat. 

6umm~y of Eost-exc~sion uosing: By 37 days it was quite obvious 
th~t the exc~s~on h::lt been without therapeut~c effect. :therefore a 
second excis1on was planned. 

Oper~t~ve Note~ ~cis1on of frontal pole and of pre-precentral 
region, r~ght. 'lf~lt~u; d.r.~. 
wwhen the Old Skln flap W~S again turned down the subcutaneOUS tissue 
was found to be s.l~ghtly adherent to the dural transp.Lant. This had 
become a.dhe rent to the underlying brain, chiefly at "the e xcis1on adges. 
At the mGXglns of the tr~s~.Lant there were fine dural-ar~chnoida.L 
adhes1ons rather than the dense adhesions more centrcilly. ~t the mid
line the brain aOout the excisiun area had becoffie quite adherent to the 
fa~. uith far~d1c stimul~s no convulsive movements could be elicited. 
Thereafter ~utures were set just in ~dv~nce of the motor area and in
c~uding the pre-central vein. 411 of the cereb~ai tissue anterior, 
to the depth of the lateral ventricle, was excised, including the 
front~l pole·. The temporal po~e was not diSturbed. The scarred ctrea 
w~s prob~bly comJ!letely removed, though possibly the excislon should 
have been carr1ed deep enough to enter into the l~teral ventric~e~ ~~ 
this region. 

Subsequent Course: lG days post-operat1ve1y this animal was 
given .L.~ ce;Kg. There ensued a series of convu~s~ons and tne monKey 
was finally given amytal for proteBtion. vvhile it might be said that 
there still persisted post-operative irritation ~d that the convul
sions were not the resu~t of scarring, the striKing fact is that on 
two occasions the removal of a scarred area failed to have any effect 
in raising the convulsant thresho~d which had presumably been lowered 
by the scarring. 

Histolof: Exarni.n~tio_n of t_he_·.scar tissue cre~ted at the first 
operation an r~moved at the second: There is the usual musculo
meningeal-cerebral adhesion which follows wounding. A block of de
generated cerebr&l tissue is isolated from the remainder of the brain 
by a connective tissue p~rti tion which, shaped like a "Y", contains 
the degenerated brain in its arms and sends its stem down toward the 
white matter. The pE . .rtition contains in its uo.ny branched connective 
tissue fibers abundant phagocytic cells which diminish in number in the 
stem, finally Living way only to connective tissue fibers which gradu::.Ll
ly diminish in numbers and finally end before the rrhite matter is 
reached. It is ouvious that the operative procedure removed f:.ll the 
scBr tissue created at the first operation (Photocraph). 
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Histology of #4146 continued: Examination of the tissue removed at 
the third operation, that is, at the second excision: The fascial 
transplant exhibits a moderate degree of cellular reaction which is 
made u:p su~~,erficially of polymorphonuclear cells in large :part. 
(There was no clinical evidence of infection post-o~eratively.) 
Deeper, however, the reaction ch~nges over to a ph&gocytosis. 

The arachnoid space and excision site is fil~ed with e~ exu
berant connective tissue grov~h containing in its meshes great num
bers of loaded macrophages. There is extensive connective tissue 
ingro\rlh into the underlying cerebr~l tissue. 

It is evident from the section that the excision procedure 
of the second o:perat ion was fo llov1ed by s. good deal of reaction and 
scarring. Further, it is obvious that some of the scar tissue crea
ted unintentionally at the second operation was not removed at the 
third.· Therefore this animal continued to carry a cerebral scaF 
which was presumably the reason for the continuance of the low con
vulsant threshold. (Photograph). 

Exarnine.tion of the brain post-mortem: Thirteen days :post
operatively there was found a gaping hole which looked into the ex
cision site. The wound appeared to be clean and there was no sign 
of inflcmmation. Presumably the wound opened because of insuffi
e'ient blood supply to the flc..p, though a sub-acute infection must 
be considered ~s a possibility. Twenty-four hours later severe 
infection hc....d developed and the brain hernis.ted throue:h the opening. 
The animal died about twelve hours later. 

Gross examination of' the brain showed an excision site whose 
topography was so distorted by infection as to mae a report of the 
histology valueless. 



-130-

# 41 46, 11onkey, Wound, Later Excision of Scar 

The operative scar removed at the first excision 
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# 4146, Monkey, V/ound, Later Excision of Scar 

A general view of the excision site resulting 
from the first operative attempt to raise to 
normal the depressed convulsant threshold. 
Note the extensive post-oper tive scarrin~ 
which signalizes the failure of the operative 
intervention. (The excised scar is shown in 
the previous plate. 
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4148: Male. 

Operative Note: Ri t Motor Re ion Wound. 4 4 30.J.P.E. 
Par1et81 decompression. With faradic stim a ion the hand can
ter was located and several deep scissors cuts were made, the 
wound being limited to the hand area so far as possible. Dura 
securely closed over the wound. 

Date: Weight: Dose: Total: Result: Convulsant: Days: Remarks: 

6£16 
6Z2& 
7/16 

7/.22 
rrz2s 
rtz3o 
8/11 

2.2 X 
2.4 X 

2.4 X 
2.& X 
2.2 X 
2.1 X 
2.1 X 
5lb/ X 

1.6: 3.5 
1.7: 4.0 
1.8: 4.3 
2.2: 5.3 
2.7: 6.0 
'1. 0: 14. 7. 
2.3: 4.9 

( 0) 
(O) 
( 3,t) 
( 0) 
( 0) 
(O} 
(3)(2lffC3) 

c 

w 

c 
.15ao. 
fl.6ac. 2.2 

5lb.2oz.x .4cc: 2.0 
2.0 X 1.8: 3.6 

(O) 
(O} 
( 2) f 
(O) 

:Ess.of A. 
Ess.of A. 

c 
2. 3 X ?- 2.4? 
2.0 X 1.6: 3.2 
2.2 X 1.3: 2.9 

(3)(2) 
(2)ff 

2.0 X 1.0: 2.0 (0) 
52 cc. 20% alcohol without effect. 
2.2 X 1.0: 2.2 (2) 
47 eo. 25% alcohol without effect. 
75 oa. 25% alcohol. 

18 Not lateraliid 
21 
24 Not lateraltei 
32 Lt.sided signs 

35 

53 

pred.ominant? 

Drunkenness 
without seque
lae. 

2.2 X 0.8: 1.8 (O) C 73 
Excision of cicatrix, right pre-central area. 
2.3 X 1.6: 3.7 {3) 21 

2.1 X 1.3: 2.7 
2.3 X 1.4: 3.2 
2.2 X 1.3: 3.1 
2.4 X 1.1: 2.6 

(O) 
(3) 
(3) 
(0) 

27 
30 
35 
47 

!l!erminated with 
light ether. 

Sn!!l!!!!.rY of Post-operative Dosing: A pre-operative dose of 1.8 was 
re!uoed to 1.0 at 53 days. Twenty days later a dose of o.s failed 
to produce a convulsion. Alcohol in sufficient quantity to produce 
drunkenness was without effect, thought it is quite possible that 
had it been followed shortly by a sub-liminal dose of camphor a 
seizure might have ensued. 

O~erative Note: Excision of cicatrix, right precentral region. 
6_26/fd· J.P.E. I large skin flap was t~rned down over the decom
press on site. The subcutaneous tissue was quite adherent to the 
underlying dura. This in turn was fir.ml3 united to the brain so 
that it was freed about the margins of the woa.nd and the detached 
portion of dura was left fixed only to the brain. Increased arterial 

supply 
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in the region of the wound could not be determimd, though the pre
central vein ran into the soar. Anterior to the wound was a small 
area where the pia-arachnoid had for same unknown reason become 
firmly fixed to the brain. This smalL •one was left undisturbed. 
By faradic stimulation movements of all the extremeties were obtained 
in a circumscribed region in the immediate vicinity of t:te soar, in 
one corroborated instance a prolonged clonic flexion of the contra
lateral fore-arm was obtained, which ~ or may not have been evidence 
of a lowered convulsive threshold. Thereupon a block dissection, 
with sutures, was made of the entire zone responding to faradic stimu
lation.. .Difficulty was experienced in cleaning satisfactorily the 
floor -of the excision site, though certainly only a very small amount 
of soar tissue was left, if any. .uural d~fect c.J.osed with the loose 
a.%80 1 a.r t~ssue of the scalp. 

summary of Post-excision .uosi~: .at 35 days 1.3 produced a 
single oonvu.J.sion, 1.1 at 47 days ~d no effect. Therefore at the 
last observat~on the minimum convu.J.sant dose .J.ay half way between the 
pre- and post-operative figures. The result is suggestive, but of 
course needs confirmation. 1t is possible that with the passage of 
time further scarring, and a ~rther reduction in minimum convulsant 
dose may taKe pl~oe. 

~amin~tion of the Soar removed at Operation: The piotnre is one 
of a typical wound reaction with musoalo-meningeal-cerebral adhesions. 
The process is still a very active one as witnessed by the large nam
ber of phagooytio cells accompanying the ramifying oolwmns of aonneo
tive tissue which penetrate into white matter. The sections indicate 
that the soar ~a not completely removed at the exaision. 
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Summary of the Resul-ts Obtained in Monkeys. 

1. Camphor in 20% solutions in olive oil given intra-muscularly 
to monkeys is a reliable convulsant for use. over a protracted 
period of observation. (This finding is in contrast to that 
for the use of camphor in cats). 

2. Simple anchoring of the brain to the skull because of meningeal 
adhesions failed to lower the minimum convulsant dose of camphor 
in one a:rmimal. The adhesions resulted from opening of the dura 
followed by immediate closure, an operation undertaken as a con
trol to insure that decompression and opening of the dura has no 
appreciable effect on the minimum convulsant dose. 

3. The infliction of brain wounds in monkeys was followed by a sig
nificant drop of the convulsant t1~_reshold in five out of eight 
cases. In two other cases the last camphor dose was given at 
fifty-three and sixty-six days, and before a decrease in the mini
mum convulsant dose had developed, and the animals died before 
being dosed again. In the last of the eight monkeys, a survival 
animal, there had not occurred a significant drop in dosage at 
fifty-three days, the last t irne he was do sed. 

4. Operations desi~ned to remove cerebral tissue cleanly were not 
followed by a drop in the convulsant tl~eshald in four normal ani
~ls. Two pre-precentral area excisions, one front<:=:.l pole ampu
tation, and one combined frontal and temporal pole tip amputations 
are included in this f_roup. Rather than a decrease in threshold 
there was a tendency toward a slight increase. Histological 
study showed that in the two cases coming to ~ePati~~ there was 
very little post-operative scarring. Pos:.l""-,o'\.~ 

5. In two monkeys excision of brain scars was attempted. In one, 
two attempts resulted in failure. The first attempt was suc
cessful in that the scc~r was completely removed but there followed 
extensive surcical scarring and the minimum convulsant do se re
mained low. In the second attempt the scarred tissue was not 
completely removed and the minimum convulsant dose remained de
pressed. In the case of the second monkey the minimum convulsant 
dose following scarring was cut in half, after the scar was re
moved by excision the minimum convulsant dose rose again slightly, 
This result is suggestive. It is :planned to amplifY the results 
of excision of scar tissue in other animals. 

6. hote should be made of the fact that in monkeys the :post-operative 
convulsions following camphor dosing almost invariably began with 
movements of the extremities on the operated, rather than the con
tralateral side. This was true in both wounds and excisions. 
It was as if the operation depressed the reactivity to camphor of 
the cortical cells in the neighbourhood of the operative attack. 
On the other hand in two animals convulsions were seen to begin 
on the side opposite the wound a short time ante-mortem, in which 
instances camphor had nothing tor. do with the production of the a1r 
tacks and, of course, faradic stimulation always produced movements 
of the contra-lateral musculature. 
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Discussion 

A. Experimental Convulsions. 

In a preceding chapter the history of experimental convulsions 

has been reviewed. In the present work no attempt has been made to 

localize experimentally the centers involved in convulsive seizures. 

But there has been stressed the increasing evidence accumulating in 

the literature that seizures may be discharged from variuus levels, 

and attention bas been called to the importance of this conception 

in treating cases of post-tr~umatic epilepsy. Our concern has been 

wi th .. convulsions originating from lesions of the cerebral cortex. 

Incidental observations among monkeys tend to show that camphor may 

bring about movements of an athetotic cho.r;:cter which resemble close

ly those seen in humans and which ere ascribed to ~sions of the ba

sal £c~ll£lia. Inasmuch c_s res:ponsi bili ty for such movements in hu

mans is a much debated subject mention is made of th·:; se athetoid 

gyr~tions only in passinG~ 

Attention should be called to the fact the;.t among the cats the 

most exquisite forms of Jacksonian epilepsy were seen. Thus in 

cats i/4192 and ;; 4180, as exam: les, a definite progression was obser

ved. The first of these animals had a wound of t~e motor cortex 

of the left side, the attacks generally began in either the rit.ht 

eye-lid or the right fore-paw, spreadinc to other muscle groups of 

the same side and finally involving the muscles of the left side. 

The second animal's wound was situated in the left occipital region. 

Time after time attacks were seen beginning with turning of the head 

to the rit;ht with subseq_uent involvement of right fore-leg and eye-lid 
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(sometimes one first., then the other}, right hind-leg with later 

involvement of the left side. In many of the cats the Jacksonian 

type of convulsions d·eveloped after a period during which the con-

vulsions ha·d been· generalized. This is what should be expected 

inasmuch as it would take some time for cerebral scarring to pro

gress to the point of producing a focus more sensitive to the con-

vulsant drug than normal tissue. Similarly may the period during 

which the convulsant dose remains high be accounted for; it is on-

ly with the relatively late development of the~epileptic focus that 

the dose drops. That there is a marked variance in the period of 

time required for the development of focal convulsions is indiated 

in the results, some of the cats never being observed to have other 

than a generalized seizure during the entire period of olservation. 

Also it was noted that there might be an alteration in the type of 
~ 

convulsion ~ in the anim&ls' histories, attacks of generalized 

or of focal onset occurring variably. 

Among the monkeys a different type of convulsion was seen. 

Whereas the pre-operative c..ttacks had been always bilateral, with 

one exception as had the cats's seizures, the post-operative convul-

sions different from those seen in the cats. In almost all of the 

cases the post-operative convulsions began focally within a very 

short time. Almost invariably they began on the same side as the 

wound, instead of the contra-lateral side as would be expected. 

Contra-latercl movements were, of course, obtained on direct faradic 

stimulation of the cortical motor centers. We are unable to offer 

a satisfactory explanation of this fact. 
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The lowering of the convulsant threshold following brein wounds 

in experimental animals has, of course, been known for nearly a cen-

tury. The conception that the clean removal of cerebral tissue in 

animals raises the threshold is a much more recent one, and was first 

clearly indicated by ~ .. !uncie and Schneider { 1928), th·cugh in the pre-

ceding year Sparks had made a similar observation. There was sought 

in the present study a histological ex~lanation for this difference 

in reaction. For if the clean removal of cerebral tissue in an ex-

perimental anim&l raises the convulsant threshold whereas a scar 

lowers it, the exc~sion method as epplied to cases of post-traumatic 

epilepsy might be placed on a more rc..tional, and experimentally sup-

ported -basis. Moreover, by such a study it might be possible to dis-

cover tecPnical details of importance in handling such cases. 

!• Principles of Techniaue. 

(1) Vascular Supply: Confirmation of Muncie and Schneider's 

findings has been made though the increase in convulsant threshold 

has not been so striking in the excisions included here ·as among these 

reported by the earlier authors. Furthermore, it has here been shown 

that operative attempts at clean excision have not always met with 

success but that sometimes rsther severe scarring has followed an ex-

ci sion. The obvious ex:planation would be that sufficient trawna has 

been done at the operation, or that enough devitalized tissue was left 

behind to account for the different reaction. However, the operative 
~ notes do not confirm this assumption and i~least one excision whose 

threshold was raised post-operatively, there comment was made on the 

fact that all the devitalized cerebral tissue could not be removed at 

operation (Cat #4105). 
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From a comparison of two excisions with contrasting histologi

cal pictures and convulsant results (Cats #4135 and #4159) may be 

drawn an important conclusion. The first was a shallow excision. 

The site has filled in with a loose proliferation of connective tis

sue and the entire block of grey matter bounded on either side. by 

lines drawn down at right angles from the suri·ace at the margins of 

the excised area and reaching to the white matter, is' filled with de

generated tissue infiltrated with small capillaries and phagocytic 

cells. On the other hand the second excision removed a block of 

cerebral tissue extending down into the white matter. Interference 

with the v&scular supply seemed the most likely explanation of the 

difference in operative results. Penfield in a personal communica

tion has suggested that unless the depth of the excision be such as 

to include all the tissue supplied by the small capillaries running 

into the brain at ritht c._n[J_es from the pia, that is, unless all the 

grey matter down to the fiber tracts be removed, there is bound to 

be left tissue deprived in large part of its blood supply. Such 

w(_•uld seem a logic21 explanation of the difference in a histological 

picture outlined in these two instances. 

sults has been found in monkeys. 

Corroboration of these re-

There must be stressed then the necessity of an adequate depth 

of excision which means inclusion of &11 the grey matter down to the 

fiber tracts, the size of the block at this depth being very nearly 

if not exactly the same as that at the surface. In those instances 

in which partial or complete amputation of a :pole is done there is 

obviously no severe interference with vascularity so long as the 
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transaction is carried at right angles to the surface. It is con

ceivable that were the cut carried at a more aRute angle there might 

be left residual tissue deprived of its proper blood supply. Such 

tissue would become invaded by capillary ingrowth, and phagocytosis 

of the degenerated tissue would occur, to be followed at a later stage 

by scar tissue contraction. 

( 2) Operative Handline~ of the 11~eninges. In most of the brain 

wounds of the present series the dura was le::t't unclosed at the wound 

site, in some instances was excised. In the excisions, on the con

trary, an effort always was made to close the dura. This was done 

because it ·::as felt that the absence of durc. would tend to .:promote 

adhesions, and th~t its presence might serve in a measure to prevent 

them. As a matter of fact, in the single control monkey in which 

anchoring of the br&in to the skull was produced through musculo

meningeal-cerebral adhesion ( 1; 4240) the adhesions exerted no depres

sant effect on the convulsant threshold. While it is totally unjus

tifiable to draw conclusio·s from£<. single cGse it is our impression 

that "anchoring" of the br8.in, c.s spoken of by Sargent, plays no part 

of itself in the lowerint:: of the convulsant threshold in animals. 

In experimental brain wounds wi. th cranial defec-ts the adherence 

of the meninges and brain to the extra-cranial tissues is of such a 

degree as to make the inclusion or exclusion of the dura of trifling 

importance. Likewise among the excisions v;i th cranial defects the 

union of the extra-cranial tissue with the firmly united dural flap 

and proliferated arachnoid, is such as to suggest that the preserva

tion of the dura is of little importance from a histoloLiC standpoint. 
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It has been pointed out in the chapter on Wound Histology that 

if the pia-arachnoid is damaged adhesion follows between the pachy-

and l~to-rneninges. Injury to the pis-arachnoid is an unavoidable 

concomitqnt of excision and meningeal adhesion is an invariable histo-

logic sequence. Our experiment2l experience is too limited to judge .., 

of the importance of the dura when a bone flap is replaced but, in 

general, it is our opinion that the only indication for the preserva-

tion of the dura in any case is that it may act as an additional bar-

rier to infection. 

The degree of arachnoidal proliferation seems to vary directly 

with the demand for phagocytosis. In those instances in which little. 

damage has been done at o~~ ration the reaction is slight. On the 

other hand an extreme of connective tissue reaction may be seen as in 

#4240, an eleven day wound in which there is great vascular c~~~~ 

True, a good deal of the connective tissue of such an early wound stage 

would disappear later wit!.out leaving a trace, yet the ultimate scar-

ring in this monkey's brain, had it lived, would undoubtedly have been 

severe. 

If the demand for arachnoidal proliferation has not been great, 

the pia or its correspondin£ connective tissue structure lines the cyst 

with a single layer of cells. If the vascularity is marked, however, 

pial relations become extremely difficult to follow. 
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(£) The Value of Excision of Cerebral Scars in Experimental Anim~. 

As to the efficacy of scar excision in experimentally induced trau~ 

matic epile~sy little has so far been said. There can be no doubt 

that brain scars reduce the convulsant threshold, nor can there be doubt 

that surgically correct removal of cerebral tissue does not result in 

a lowering of the threshold. But that excision of a brain scar in an 

animal which has been subjected to repeated convulsions will raise the 

convulsant threshold back to normal, is a question which it is not pos-

si ble to answer from the data_ at hand. Excision of a scar in one mon-

key in the present series failed to achieve that objective because of 

the oc curreno e of further sca.rring induced for an uncertain reason by 

the .. excision procedure. In a second mon1;::ey a suggestive but indefinitE

result was obtained. Further experiments are being carried on to de

termine this question. 

It is conceivable that the excision procedure will fail to achieve 

the desired result for it may be that with oft-repeated convulsions the 

animal may acquire the "epileptic habit", a term which is subjected to 

much abuse. It is a means of avoiding for another period consideration 

of the physico-chemical reactions, or morbid physiology, which must un

derlie the epileptic seizure, a physiologic state which may well be be

yond the power of a local procedure such as a scar excision to relieve~ 

More and more evidence is accumulating to point to the cere.brb.l 

vasomotor system as the agent through which the altered cellular reac

tions responsible for the epileptic discharge are brought about. 

Eventual control of the VLscular reactions of the cerebrum suggests 

itself as a more hopeful means of attack than excision of scarred areas, 

although excision procedures may still h<:~ve a place in those cases where 

protressive brain damage must be prevented. 
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In conclusion it is only fair to· draw attention to the fact 

that the analogy between experimentally produced convulsions and 

those of genuine traumatic epilepsy must not be drawn too closely. 

The action of camphor is proba.bly a direct one on the cortical cells, 

that of wormwood is probably the same. The mechanism of true trau

matic epilepsy is unknown. Yet bearing in mind the reservation that 

induction of seizures by the use of convulsant drugs in animals with 

artificially induced brain changes is probably a :poor makeshift at

tempt to duplicate true traumatic epilepsy, much may be expected of 

the experimental approach to the problem. 
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Summary. 

1. An experimental approach to the problem of traumatic epilepsy 

is outlined. 

2. The early histo~ of traumatic epilepsy is reyiewed. 

3. The literature on experimentally induced convulsions is summari

zed and the levels of epileptic discharges are discussed. 

4. The literature of post-traumatic epilepsy, both of peace and of 

war times, is reviewed. 

5. The histologic aspects of brain wounds and of the clean excision 

of cerebral tissue are summarized. 

6. The results of an ex:perimen tEl study E. re [i ven. In one series 

of animals, cats and monlceys, the effect of brain scarring on the 

threshold of convulsant drugs was determined and the resultant his

tology was studied. In c. similar series there was contrasted the 

effect of the surc;ically clean removal of cerebrctl tissue upon the 

convulsant threshold. The result~t histology is compred with that 

of the previous group. 

7. The conclusion is drawn that brain scarring lowers the convulsant 

threshold of experimental animals. The oonverse that·when brain 

scarring is absent or minimal the convulsant threshold is not 

lowered is also concluded. 

8. That the removal of a cerebrE~l scar returns the lowered convulsant 

threshold of exprimental snimals to normal has not as yet been de

termined. 

9. Surgical principles involved in the excision of cerebral scars are 

discussed. 
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