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In calculating these mortality percentages the standard which we have 

set for ourselves is that every death in hospital following an operation 

from any cause whatsoever, no matter how long the interval, is recorded 

as a postoperative fatality. There is no possibility of any exception being 

made to this rule, however justifiable it might appear to be, for the record 

is automatically made by a secretary from the completed case record after 

the patient’s hospital discharge, living or dead. Were this precaution 

not taken, those personally interested would, now and then, find the 

temptation to evade an admittedly severe standard well nigh irresistible. 

But should one begin to make exceptions to the rule, there would 

be no end to them a patient about to be discharged after a successful 

operation has a perforated gastric ulcer ; another gets out of bed at night 

to go to the toilet, trips over an obstruction and dies in a few hours 

from a fracture of the base of the skull; another during an epidemic 

of influenzal pneumonia has a fatal infection; still another has a coronary 

thrombosis five weeks after making a perfect recovery from a tumor 

extirpation. Similar examples might be multiplied, and were they not 

automatically recorded as postoperative deaths, the temptation to exclude 

fatalities from other complications more obviously postoperative, such 

as pulmonary embolism, postoperative pneumonia, tuberculous menin- 

gitis after the successful removal of a tuberculoma, and so on, would 

be difficult to resist, since no sharp line can be drawn between those due 

and those not due to the operation. 

As there is no convalescent home to which patients may be trans- 

ferred, and since a large proportion of them come from a distance, they 

are necessarily retained in hospital longer than would otherwise be nec- 

essary,’ and there is ample time for intercurrent disorders to develop 
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This paper represents the last portion of a communication made at the Inter- 

national Neurological Congress in Bern, September, 1931. The mortality statistics 

for tumors of different kinds and situations, separately considered, which form the 

basis of these tables, will be published elsewhere in monograph form. 

1. The average sojourn in the hospital in the last 100 consecutive cases of 

surgically verified tumors has been thirty-nine days. 
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1274 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 

which bring additional risks. Another element that tends to increase 

the percentage of postoperative fatalities among histologically verified 

tumors is the high incidence (averaging over 90 per cent) of postmor- 

tem examinations that are secured. Owing to this, many tumors are 

identified at autopsy that otherwise, owing to negative explorations, 
would have remained in the list of tumors unverified. What is more, 

we frequently retain in hospital for indefinite periods—five months in 

one instance—patients whose tumors we have failed surgically to verify, 

with the understanding that in the end permission for an autopsy will be 

given. 

Then, too, as was stated in another connection, in the process of 

working out the life history of these growths the case mortality in all 

types of malignant glioma should theoretically be 100 per cent; for if 

operations for recurrences are systematically pursued to the end, it is 

almost a certainty that the last of them will be followed by a postoper- 

ative fatality. With all these things to consider, it is obvious that the 

operative statistics of two surgeons with equal skill and experience may 

legitimately vary within wide limits. 

In all calculations of operative-mortality percentages there is still 

another element to consider: viz., What is and what is not to be recorded 

as “an operation”? Even though they may be attended with risk and 

lead to a fatality which permits postmortem verification of a tumor, we 

exclude, as all others would do, the simple punctures—lumbar, cisternal, 

transsphenoidal or ventricular. Nor do we record as operations the 

minor surgical procedures necessary for the securing of muscle from 

the patient’s leg, nor those for blood transfusions nor for ventriculog- 

raphy, even though the last procedure may at times be hazardous and 

occasionally lead to a fatal issue. We do, however, record as separate 

operations those requiring more than one session for their completion, 

as they are almost invariably critical performances; and for the same 

reason we also record emergency reelevations of osteoplastic flaps neces- 

sitated by postoperative clot formation. 

Then there is a final point to be decided: viz., When does the opera- 

tion begin? Does it begin with the ward preparations, with the anes- 

thetic, or only after an incision has been made? In many patients with 

brain tumors having an advanced syndrome the condition at best is 

serious. Sudden respiratory failure may occur should a patient with a 

cerebellar tumor strain to expel a preparatory enema, or have the neck 

unduly twisted while the scalp is being shaved, or, in days when ether 

anesthesia was employed, from the early effects of the anesthetic. Many 

patients after such accidents have been operated on immediately under 

artificial respiration, and a few of them have thus been saved. 

No surgeon would conceivably hesitate for a second to face emer- 

gencies of this kind, though they are very bad for one’s mortality per- 
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CUSHING—INTRACRANIAL TUMORS 1275 

centages. In the last fifty consecutive operatioys for acoustic tumor, 

for example, one of the two recorded fatalities (table 1) was that of a 

patient operated on in an agonal state after a sudden respiratory failure. 

Had the surgeon been thinking of his score rather than of possibly 

saving a life, his mortality figures for this particular group of cases 

would have been cut in half. One must draw the line somewhere, and 

it seems fair to do so with the incision of the scalp. 

(1) Mortality Percentages for the Series as a Whole.—My experi- 

ence in neurosurgery may be divided into three decades: the first, from 

1901 to 1912, when a beginner at the Johns Hopkins Hospital; the 

second, from 1912 to 1922, with its lost ground difficult to regain, due 

to a two years’ absence in France; and the third, from 1922 to 1931, 

Paste 1.—Case-Mortality Percentages for Acoustic Tumors in Successive Groups 

of Fifty 

Number Number Number Case Operative 
of of Opera of Mortality, Mortality, 

Dates Time Interval Cases tions Deaths per Cent per Cent 

Jan. 18, 1906 to Oct ‘ l 49 yrs. 9 mos ?1 4 6 8.6 18.7 
Jan 1916 to Fel 7 yrs. mo 0 64 10 20 0 15.6 

March 6, 1923 to Sept. 6, 1927 4 yrs. 6 mos 50 62 7 14.0 11.3 
Oct to July 1, l yrs. 9 mos 50 4 4.0 3.4 

\] >»—Comparison of Operative Mortality Percentages for lcrified Tumors of 

Va Groups Divided into Three Periods 

Hopkins Series Brigham Series July, 1928, to 
to 1912, to 1929, July, 1931, 

per Cent per Cent per Cent 

Giliomas (varia 0.9 17.8 11.0 
Pituitary adenor 13.5 
Meningiomas 21.0 10.3 7.7 
\coustie tumors 25.0 11.5 4.4 

during which period detailed week-to-week statistical records with annual 

compilations of the intracranial tumors have been kept by Dr. Eisen- 

hardt, who made a detailed report on the subject two years ago.? A 

highly condensed table (table 2), limited to the operative mortality per- 

centages of the four major groups of verified tumors, as given in her 

paper, contrasted with the results in the past three years, is appended. 

(2) Mortality Percentages Year by Year.—Table 2 shows, as 

would be expected, a progressive improvement in the figures that has 

come with the experience of later years. As a matter of fact, during each 

vear of the last decade there has been a definite tendency to an annual 

lowering of the case and operative mortality, as shown in table 3. This 

table gives the mortality figures for the cases in which the patients were 

~ | isenhardt, | The Operative Mortality in a Series of Intracranial 

fumors, Arch. Surg. 18:192 127 (April) 1929 
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discharged, living or dead, between May 1 and May 1 of each successive 

year. And were the figure included for the 549 patients admitted or 

readmitted with tumors unverified during these years, the percentages 

would be still lower in view of the relatively few fatalities (2.9 per cent 
case mortality and 2.5 per cent operative mortality) in the unverified 

group.° 

Table 3 points out what the operating members of the neurosurgical 

staff were themselves conscious of ; namely, that in 1927 and 1928, on 

the introduction of electrosurgical methods, a number of patients, whose 

tumors when exposed had been regarded as inoperable, were called back 

and reoperated on, with a high mortality rate, partly because of the 

dangerous procedures undertaken and partly because of inexperience 

with electrosurgical principles. 

TABLE 3 {nnual Statistics of Operations f Verified Tumors Including New 

and Old Cases from 1922-193] 

Post (ase (operative 
Successive Number of Patients Number of operative Mortality, Mortality, 

May | to May Patients Operated On Operations Deaths per Cent per Cent 

1922-1923 104 v4 130 3.4 16.9 
1923-1924 6 140 140 r 18.¢ 13.7 
1924-1925 7 113 i4 21 1s 14.7 

1925-1926 ] 133 172 25 18.8 14 

1926-1927 Is4 161 17 24 14.9 11.0 

1927-1928 1s 14 18 28 18.7 15. 
1928-1929 05 179 re 26 14.5 11.5 
1929-1930 lis 14; 24 16.3 12.5 

1930-1931 200 170 ng 8.8 6.8 

Total 1,004 ] , 2st 6.4 12.6 

\part from the figures for this particular 1927-1928 twelve-month, 

there has been a slowly progressive decline in the mortality percentages, 

with a pronounced drop during the last year, which came somewhat as a 

surprise, even though we were aware that it has been a good year. This 

is all the more gratifying in view of the fact that as time goes on the 

clinic carries an ever increasing burden of patients readmitted for recur- 

rence of symptoms; and though reoperations for medulloblastomas and 

glioblastomas are perhaps less readily undertaken than formerly, even 

the most conservative among us can hardly refuse to reoperate on the 

less malignant lesions like meningiomas, neurinomas and astrocytomas 

when symptoms recur. 

These 3 ) Mortalit \ Pi rceitadges for thre Se parati G) oOups. 

calculations are particularly illuminating in that they show how the per- 

centages tumble as soon as the life history of any particular tumor has 

been thoroughly worked out. Of only a few tumors can it be said that this 

3. It should be clearly understood that the computations on which the figures 

in table 3 are based represent each year’s work taken by itself, including, therefore, 

hoth new and old patients, with primary operations as well as those for recurrences 

| 



CUSHING—INTRACRANIAL TUMORS 1277 

has been done with sufficient thoroughness to affect the operative results, 

but these few furnish striking illustrations. For example: The operative 

mortality of the once dreaded acoustic tumors (as shown in table 1) has 

fallen for each successive fifty cases from a 28 per cent to 20 per cent toa 

14 per cent to 4 per cent case mortality. The present operative mortality 

for the chromophobe adenomas, formerly about 13 per cent, has also 

dropped to slightly below 4 per cent. The figures for the cerebellar 

astrocytomas, practically unknown ten years ago, have fallen from a 28 

per cent case mortality for the first twenty-five patients to 4 per cent for 

the last twenty-five cases. Even the highly malignant glioblastomas of 

the cerebrum have shown a drop from 24 per cent for the whole series to 

14 per cent; and now that the cerebellar medulloblastomas are better 

understood, even these—the most disheartening of all brain tumors—may 

be expected to show a great improvement in their operative percentages. 

In table 4, the mortality figures have been assembled, not only for 

the eleven major subdivisions of the verified tumors, but separately for 

the unverified tumors. The table has been divided into two sections, the 

first giving the operative figures for the entire series, which carries the 

heavy load of fatalities of the early years of inexperience. In the second 

section the figures are only those for the new cases that first came under 

observation in the three-year period from July 1, 1928, to July 1, 1931. 

This table, therefore, by the exclusion of old cases, readmitted during 

the last three-year period because of the symptomatic recurrence of 

tumors imperfectly treated at an earlier day, gives a clearer idea of what 

results may reasonably be expected of those newcomers to neurosurgery 

who can profit, not only by the present-day improvements in technic, but 

by the existing state of knowledge regarding the life history of the 

various lesions. nd should they take warning from the experience of 

others and avoid over-radical attempts to remove large congenital cranio- 

pharyngiomas, refrain from operating on obviously metastatic tumors, 

and refuse all secondary operations for recurrences, they could easily 

attain a case mortality of 4 or 5 per cent for the whole. 

Factors Influencing Mortality Percentages——The wholesale statistics 

given in the last three tables will serve, | hope, to give others who engage 

in like tasks something to play against. The more important figures are 

those which pertain to special tumors in special situations, and they will 

be found published in a monograph in which the various lesions 

are separately considered. Had it not been for the industry of 

Dr. Eisenhardt, these calculations would never have been made; but 

now that they have heen, they may well enough be published even though 

there is no reason for taking pride in what they show. The high 

mortality percentages of the early cases still cast their shadow over the 

figures for the complete series. 
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CUSHING—INTRACRANIAL TUMORS 1279 

It has been erroneously assumed in some quarters that the improved 

results of recent years are due to earlier diagnoses rather than to greater 

skill and experience in other words, that the neurosurgeon of today 

deals with a selective list of relatively favorable lesions. This assump- 

tion is far from the actual facts. In reality, each year the problems 

become more difficult than those of the year before. The proportion of 

patients admitted as “forlorn hopes” in the terminal stages of their 

malady, often after ill-judged procedures at the hands of surgeons with 

little or no neurosurgical training, is as large as it ever was. What is 

more, each succeeding year sees tumors surgically exposed, like tumors 

of the third ventricle, which formerly were regarded as hopelessly inac- 

cessible. Hence, all things considered and in spite of the constant 

improvement in diagnosis and surgical technic, the operations as time 

passes become increasingly critical and difficult. 

The principal steps that have made it possible not only to attack the 

more formidable problems of the present day but at the same time to 

lower the operative mortality may be chronologically enumerated: (1) 

the generally accepted methods of decompression to relieve tension; 

(2) such irreproachable wound healing that secondary infections are 

practically unknown; (3) the separate closure of the galea by buried 

fine black silk sutures, which has made the once dreaded fungus cerebri 

nigh forgotten; (4) in place of ether inhalation, the introduction by 

de Martel of local anesthesia, now supplemented when necessary by the 

rectal administration of tribromethanol; (5) the more precise tumor 

localization which in obscure cases Dandy’s ventriculography permits us 

to make; (6) the use of a motor-driven suction apparatus as an indis- 

pensable adjunct to every operation, and (7) the successive improve- 

ments in methods of hemostasis, which, since 1927, have been most 

advantageously supplemented by the introduction of electrosurgical 

de\ ices. 

But the operation itself is by no means the whole story. The after- 

care is equally important, for unsuspected complications may arise at 

any moment, which if overlooked or neglected may wholly turn the scale. 

This has been well summarized in Dr. Eisenhardt’s paper of two 

years ago. 

Rarely is more than one major operation for tumor scheduled for one day. 

Most of the operations are carried through under local anesthesia, and all are 

started in this way. Patients who have been subjected to a craniotomy are not 

moved from the operating suite until the danger of the formation of a postoperative 

extradural clot has passed. After critical cerebellar operations, particularly if 

inhalation narcosis has been necessitated, the patients are usually left on the table 

for several hours until they have fully recovered, and they are often kept in the 

operating suite for a number of days. Those with deglutitory difficulties must 

often be fed through the nares for prolonged periods. For charity patients who 

are in a critical condition, from this or some other cause, special nurses are pro- 

vided and paid for out of a fund donated for the purpose. 
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1280 ARCHIVES OF NEUROLOGY IND PSYCHIATRY 

Since this was written an additional safeguard has been made; 

namely, in providing for the undivided service of a highly trained nurse, 
who, while the surgeons are engaged in their time-consuming operations, 

can devote her attention to the more critically ill of the thirty or forty 

patients, either awaiting operation or already operated on, whom we 

sometimes have under observation at one time. Unquestionably, many 

lives have been saved in this way, for less experienced nurses or junior 

house officers can hardly be expected to appreciate the significance of 

symptoms which indicate that something is going wrong with a patient 

recently operated on for a brain tumor; a few hours’ delay due to the 

misinterpretation or neglect of a warning signal may mean the difference 

between a fatality and a recovery. mE 



HISTOLOGIC CLASSIFICATION OF TUMORS OF 

THE CENTRAL NERVOUS SYSTEM 

G. ROUSSY, M.D. 

AND 

C. OBERLING, M.D. 

PARIS, FRANCE 

\n interest in tumors of the central nervous system, due to the 

development of neurosurgery and the advent of roentgenotherapy, has 

caused us to combine lines of research that up to the present have 

been followed in one or the other realm separately. This new attack, 

carried on over a period of more than two years, is based on material 

consisting of 251 tumors. We have made certain modifications in the 

details of the classification proposed by one of us (G. R.) with Lher- 

mitte and Cornil in 1924. This has been carried out with the help of 

our personal documents gathered since that time, and with the help of 

the new technic and studies that have appeared recently, particularly 

those of Harvey Cushing, Percival Bailey and Wilder Penfield. 

The classification that we propose comprises essentially the same 

general ideas as that formerly reported. We seek, on the one hand, 

to simplify the nomenclature in order to render it more comprehensible 

to neurologists and at the same time to take into consideration, as much 

as possible, the clinical and anatomic factors. On the other hand, we 

shall endeavor to remain strictly in the realm of morphology, and 

to avoid making absolute deductions from the histologic appearances 

as to the origin of neural tumors. 

In this work we shall try to retain some of the essential facts that 

are demonstrated by our researches. We shall refer for greater detail 

to the publication that has just appeared in the series entitled the “Atlas 

of the French Association for the Study of Cancer.” ! 

In company with most of the authors we recognize five large groups 

of tumors. We shall designate as gliomas the tumors formed by the 

interstitial neuroglia, as ependymochoroid tumors the neoplasms con- 

stituted by the ependyma or by the covering of the choroid plexus, and 

as ganglioneuromas the tumors due to a proliferation of ganglionic 

cells and neurons. 

Besides these three groups of tumors, in which one finds essentially 

the cellular varieties of adult nerve tissue in their diverse evolutionary 

This paper was presented before the International Neurological Congress in 

Bern, Switzerland, September, 1931. 

1. Roussy, G., and Oberling, C.: Atlas du cancer, Paris, Félix Alcan, 1932, 

nos. 9 and 10. 
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and involutionary forms, there also exist tumors in which the cells 

resemble more or less closely the elements of the embryonic nerve 

tissue, not only in their morphologic but also in their evolutionary 

characteristics. 

Certain of these tumors, formed essentially of neuroblasts and 

spongioblasts, recall the appearance of the neurospongium; these are 

neurospongiomas. Others reproduce the structure of nerve tissue in 

a still earlier stage of development, in the stage of the neuro-epithelium ; 

these are neuro-epitheliomas. 

GLIOMAS 

Gliomas are divided into three varieties according to the nature of 

the cells that predominate. These are: the astrocytomas, formed essen- 

tially by astrocyte elements, the oligodendrocytomas, due to a profuse 

multiplication of the oliogodendroglia elements, and the glioblastomas, 

which are formed by young cells of indifferent character, resembling 

more or less the glioblasts of the embryonic nervous system.” 

Astrocytomas.—We shall not stop to consider astrocytomas at length, 

as their structure is well known. We believe the somewhat schematic 

separation into fibrillar and protoplasmic astrocytomas should be aban- 

doned. In general, it is difficult to distinguish between the two types, 

since very different aspects may be encountered in the same tumor. It 

is possible to distinguish from their general appearance the following 

groups: very fibrillar astrocytomas, grossly fascicular subependymal 

astrocytomas, sparsely fibrillar or afibrillar astrocytomas, gigantocellular 

astrocytomas and pseudopapillary astrocytomas. 

It seems interesting to stress the importance of the regressive 

phenomena and the frequent secondary alteration processes, which can 

modify considerably the morphologic texture of tumors. 

Thus one often sees in the astrocytomas cells of simplified structure, 

in which the voluminous cytoplasmic bodies are deprived of dendrites 

and possess only one perivascular foot, which is sometimes very indis- 

tinct. These elements resemble astroblasts, such as one sees in embryonic 

nerve tissue; more often, however, they are not embryonic elements, 

but degenerated astrocytes. We have observed, in fact, similar cells 

in the encephalitic lesions caused by radium. 

\nother form ot degeneration is characterized by the appearance of 

voluminous cells which O. Lotmar has compared to ameboid cells; 

however, these voluminous cells are distinguished from the ameboid 

2. To simplify and unify the terminology of neurologic elements and gliomas, 

we have designated the different neuroglia cells by the terms, astrocytes, oligoden- 

drocytes and microgliocytes; the tumors formed from one or the other of these 

elements are called astrocytomas, oligodendrocytomas and microgliocytomas (the 

existence of the latter variety of neoplasm is debatable) 
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cells by the length of their expansions. They resemble closely the 

fat-filled glia cells of Nissl, that is, the hypertrophic, sometimes 

monstrous astrocyte elements that are found in the vicinity of areas of 

degeneration. It is interesting to note that the gigantocellular aspects 

are found in those slowly proliferating astrocytomas in which the 

phenomena of disintegration are particularly marked. 

In certain astrocytomas there is some tendency toward perithelio- 

matous structure. 

Oligodendrocytomas.—These correspond, for the most part, to the 

description that Bailey has given. To the naked eye they seem linnted 

and form a rosy grayish mass of variable consistency, sometimes firm, 

sometimes friable. They are almost constantly the seat of calcareous 

incrustations which make them easily visible on roentgen examination, 

The histologic picture of oligodendrocytomas is characteristic and, 

as Bailey said, easily recognized even with ordinary methods. In the 

typical cases, the tumor tissue presents—besides the calcareous incrusta- 

tions—an absolutely uniform aspect. It consists of small cells of which 

the round nuclei, richly sprinkled with dustlike chromatin, seem to be 

of the same size. Nuclear monstrosities and mitoses are rare. 

The cytoplasm of the tumor cells is barely visible and appears 

sometimes as a finely granular mass and sometimes as a clear space 

around the nucleus. The latter aspect is seen especially in sections 

fixed in a solution of formaldehyde containing potassium bromide and 

stained by the usual methods. The tumor cells then present a peculiar 

vesicular aspect. Among the cells, one sees a fibrillar substance, which 

ensheathes single cells or groups of cells and serves as a small incasement. 

Certain oligodendrocytomas are characterized by the presence of a 

mucicarminophile substance which occupies the intercellular spaces and 

is found in the form of fine droplets in the very interior of the tumor 

cells. 

\ mucous glioma is found attached thus to groups of oligoden- 

drocytomas. It is interesting to note that the formation of mucus, 

which represents one of the peculiar characteristics of the oligodendro- 

cyte (mucocytic degeneration of Grynfeltt, Pelissier and Pages), is also 

found in the tumors formed by these cells. 

As shown by impregnation methods, the great majority of neoplastic 

cells demonstrate characteristics of oligodendrocytes ; that is, they have 

small cytoplasmic bodies from which emanate smooth and somewhat 

ramified expansions. But these tumors also contain astrocytes which 

are grouped around the blood vessels and constitute, in certain cases, 

a true angio-astrocyte stroma in the mesh of which the oligodendrocytes 

are found. These tumors are always rich in cellular forms of an 

ambiguous character, resembling both the astrocyte and the oligodendro- 

cyte; to all appearances these are transitional forms. 

| 
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Besides these tumors, in which the oligodendrocyte character is 

demonstrated, there exist others that probably belong to the same 

category although their morphologic characters are somewhat different. 

These are the gliomas composed of cells with elongated nuclei 

comparable to rod cells. The cytoplasmic body is very thin, and the 

impregnations show one or two rigid and smooth prolongations which 

emerge as two cellular poles. These elements are grouped in bundles, 

and assume aspects that resemble closely certain peripheral gliomas or 

neurinomas. Certain authors (e. g., Josephy) have described them 

under the name of central neurinoma. 

Bailey has interpreted them as spongioblastomas, thinking that the 

tumor cells correspond to very young glia cells, that is, unipolar or 

bipolar spongioblasts. It seems logical to consider these elements as 

oligodendrocytes and thus draw a parallel between the fascicular oligo- 
1 

dendrocytomas and the neuromas, the ones in a central position and 

the others in a peripheral position. Their structural resemblance points 

to a parent relationship between the oligodendrocyte and the Schwann 

cell. 

Glioblastomas.—These correspond to the polymorphic. gliomas of 

Roussy, Lhermitte and Cornil and to the spongioblastomas of Bailey 

and Cushing. Glioblastomas are essentially made up of young neuroglia 

cells, probably of an astrocytic nature, because all transitions between 

astrocytomas and glioblastomas are present. However, even in the 

characteristic glioblastomas, one always finds typical adult astrocytes. 

In regard to the pseudorosettes of degeneration that one frequently 

finds in these tumers, the term “rosette” as commonly used often 

designates very different formations. To avoid confusion, we shall 

apply the term rosette, or true rosette, to» spherical formations the 

center of which consists of a dense mass of fibrils from which cells 

emanate radially. ‘These true rosettes are found most usually in neuro- 

blastic tumors, in neurospongiomas and in embryonic sympathomas. 

These true rosettes may be contrasted with pseudorosettes in which 

the center is not distinctly fibrillar. Some of these rosettes result from 

a perivascular expansion of fibrillar cells, for example, the perivascular 

pseudorosettes ; others are due to a radial grouping of cells around a 

focus of necrosis; such are the pseudorosettes of degeneration, par- 

ticularly frequent in glioblastomas. 

Many other authors employ the term rosettes to designate the radial 

grouping of epithelial cells covering a tubulous cavity. These forma- 

tions, which are met with in neuro-epithelial or ependymal tumors, may 

be conveniently designated by the terms tube or canal, since they resem- 

ble a tube or a primitive neuro-epithelial canal, which, however, cannot 

qualify as a rosette 
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In other respects, the study of glioblastomas does not furnish new 

information except to confirm the characteristic of particularly pro- 

nounced malignity contrasted with the relative benignity of other 

gliomas. 

EPENDYMOCHOROID TUMORS 

In most cases, one finds that a distinction between ependymal tumors 

and choroid tumors is impossible. 

A. Ependymal tumors are designated under the generic name of 

ependymoma. They furnish three different aspects: the ependymocy- 

toma (the ependymoma of Bailey), made up of cubical cells without 

fibrillar prolongations; the ependymoblastoma, made up of ependymal 

cells with fibrillar prolongations, and the ependymoglioma, in which 

there is a proliferation consisting of ependymal and astrocyte elements. 

The latter tumors are generally very small neoplasms which are 

seen in the region of the fourth ventricle, in the aqueduct and espe- 

cially in the central parts of the medulla oblongata and the spinal cord, 

where the cavernous transformation gives rise to syringomyelic cavities. 

In typical cases the ependymal cells contain multiple vesicles, true 

ependymal cavities, around which the astrocyte elements constitute a 

glial matting, more or less dense and very cellular. The quantitative 

proportion of these two constituent elements is various; sometimes 

the ependymal elements and sometimes the astrocyte elements predomi- 

nate. One finds, thus, all the imtermediary variations among the 

ependymogliomas, and because of the preponderance of the ependymal 

elements these approach the ependymomas and the ependymogliomas. 

They can be distinguished from gliomas only by the presence of several 

ependymal cavities. 

The interpretation of these tumors has aroused numerous discus- 

sions on the part of authors who have studied the question (Ribbert, 

Bonome, Vonwiller, Bielschowsky and Unger, Tannenberg, Orlandi, 

\nton1 ). 

Without wishing to go into detail on a subject that brings forward, 

among others, the whole problem of syringomyelia we point out that 

probably the histogenetic mechanism of these combined ependymoglial 

proliferations is not always identical. One can believe, in fact, that in 

certain cases there may be an ependymal tumor in which some elements 

undergo an astrocyte transformation. That is the idea which occurs 

to one when the ependymal element is distinctly predominant, and one 

observes numerous transitional forms among the ependymal cells and 

the astrocyte elements. 

One can also believe that in other instances there may be an 

ependymal and a ghal proliferation at the same time. 

In a final series of cases it might be admitted that we are dealing 

in the last analysis with a glioma that involves a proliferation or includes 

i 
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the ependymal formations that are found in its vicinity. It must be 

remembered in this regard that ependymal aberrant offshoots are fre- 

quent, not only in the immediate neighborhood of the normal ependymal 

cavities, but even at a distance. ‘Their existence has been demonstrated 

in various regions of the hemisphere and even in the white subcortical 

substance (Arnold, Ribbert, Guillery, Babonneix and Lhermitte). It 

is to be understood, therefore, that ependymal inclusions may be found 

even in gliomas situated at a distance from the ventricular cavities. 

Theoretically, one can distinguish true ependymogliomas (tumors 

helonging to the first two categories) from gliomas with ependymal 

inclusions (second category), but in practice that distinction is not 

always possible. 

B. Choroid tumors are most often papillomas.  [pitheliomas are 

rare. 

The choroid papillomas show a well developed stroma formed by 

vessels enclosed by connective tissue, often edematous and myxoid, 

containing calcospherites or undergoing pseudocystic transformation. 

(ne sometimes finds xanthomatous cells, true lipophages comparable to 

those that infiltrate the papillary axes of certain papillomas of the 

kidney. 

The epitheliomas of the plexus often assume a papillary character. 

Certain epitheliomas of the choroid plexus are characterized by the 

presence of malpighian elements to which Boudet and Clunet first called 

attention. 

These authors studied a papillary tumor that developed at the base 

of the brain and adhered to the cerebrum at the level of the fissure of 

Bichat. Histologic examination showed numerous axes of vascular and 

connective tissue covered by a malpighian epithelium of incomplete 

corneal development, with multiple and varied secondary modifications. 

Boudet and Clunet said that analogous malpighian tumors have been 

observed on different occasions in the fourth, and notably in the third 

ventricle. Following that work, similar observations were published by 

Letterer, I. Bertrand and by us. 

To interpret the peculiar structure of these tumors, Boudet and 

Clunet have considered the possibility of a malpighian metaplasia of 

the choroid epithelium. They failed to note, however, that malpighian 

metaplasia of the choroid epithelium is rare, if it exists at all, and that 

the malpighian tumors develop in the vicinity of the base of the 

cranium (third ventricle). It might be more logical to think of an 

embryonic malformation since the malpighian heterotopia coming from 

the anterior endoderm is frequent in that region. 

GANGLIONEUROMAS 

The tumors formed by more or less typical ganglion cells and 

nerve fibers are rare. We found one single example among 250 cerebral 

id 
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tumors examined. The study of that tumor did not furnish any new 

information worthy of mention. 

NEUROSPONGIOMAS 

Neurospongiomas (medulloblastomas of Bailey and Cushing) are 

among the most frequent tumors of the central nervous system, and 

our study places them in order of frequency immediately after the 

gliomas and the ependymal tumors. These tumors occur most often in 

the region of the cerebellum and are found there most often in young 

persons. Among the patients examined by us, three were less than 

10 years old (6, 6% and 8%), eight from 10 to 20 years old (10, 11, 

12, 13, 18, 19 and 20) and three were over 20 years of age (22, 26 and 

41). These facts agree with those published by other authors; in 

Cushing’s study the proportion of patients of less than 10 years of 

age was higher. 

The general character of these neoplasms, as well as their essential 

morphologic characteristics, has been sufficiently described in the work 

f Bailey and Cushing and in a monograph by Cushing. The utilization 

of various methods of silver impregnation demonstrated to us that the 

fibrillar substance contained in the neoplastic tissue is essentially formed 

by these neurofibrils. It also appears that the greater part of the tumoral 

cells correspond to apolar and unipolar neuroblasts. As for the cells with 

very voluminous nuclei, it is sufficient that they present multiple pro- 

longations and a distinctly developed cystoplasmic body with a neuro- 

fibrillar network; these are multipolar neuroblasts. Besides these 

relatively typical cellular and easily identified forms, one finds numerous 

abnormal cells, with multiple nuclei and supernumerary and _ partially 

disintegrated prolongations; in these the polymorphism precludes all 

description. 

Then again it 1s impossible to exclude the participation of the 

spongioblastic elements in the constitution of these tumors; we here 

have the impression that in certain of them the spongioblasts are 

numerous. One may thus distinguish essentially between neuroblastic 

neurospongiomas and neurospongioblastic neurospongiomas. 

The nature of all the elements that enter into the constitution of 

these tumors is not definitely established, and that problem demands 

more research; besides, the nomenclature that is certain to designate 

these neoplasms is itself too cluttered. 

We believe that it may be possible, from now on, to eliminate the 

terms gliosarcoma or glioblastic sarcoma (Schmincki) ; the word sar- 

coma evidently cannot be applied to neoplasms in which a nervous origin 

is demonstrated. Similarly, the term spongioblastoma (Globus and 

Strauss, Ribbert) is hardly more indicative unless one pays no attention 
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to the preponderance of neuroblastic elements. As for the term medul- 

loblastoma, because of the authoritative character of the work of Bailey 

and Cushing, this term is used by many other workers, but we believe 

that it, too, is subject to criticism. 

In fact, the idea that the medulloblast or the indifferent cell may be 

a bipotential element, glioblastic and neuroblastic at the same time, is 

argumentative. Besides, our own researches have led us to admit that 

it is not indifferent but neuroblastic cells that constitute the predomi- 

nating element of these tumors. 

The terms neurocytoma, neuroblastoma neurogliocytoma 

(Marchand, Wright, Vanzetti, Masson and Dreyfus) seem to us too 

exclusive, since they have only in view distinetly definite cellular cate- 

gories. In reality these tumors do not consist of pure cellular cultures, 

arrested at a certain point in their development; they are formed by 

elements that make up the neurospongium. For this reason we prefer 

the term neurospongioma. 

NEURO-EPITHELIOMAS 

The term neuro-epithelioma has quite often contributed to the con- 

fusion of the classification of tumors of the nervous system. In 

applying the term to all the neural tumors in which the cells take on 

the semblance of epithelial cells, one succeeds in bringing together 

the various tumors into one group: gliomas with ependymal inclusions, 

pseudopapillary astrocytomas, ependymochoroid tumors and the neuro- 

spongiomas themselves. 

It is convenient to reserve the term neuro-epithelioma for tumors 

in which neuro-epithelial cells, that is, nerve cells in the first stage of 

development, predominate. Tumors formed exclusively of primitive 

neuro-epithelial cells hardly exist; if they do, their nervous nature 

cannot be recognized, since nothing can distinguish them from an 

ordinary cylindric epithelioma. 

One always finds, in addition to primitive neuro-epithelial cells, 

various neuroblastic or spongioblastic elements, and quite often one 

finds even cells that have reached the end of their development and 

present the characteristics of ganglionic or adult neuroglial cells. 

Such tumors are found only exceptionally in the central nervous 

system. They are more frequently observed in the retina, in_ the 

sacrococeygeal region, where they develop from medullary vestiges, 

and also in teratomas. 

Microscopically, their structure is very polymorphic. In certain sec- 

tions the aspect is that of an epithelioma made up of cavities and papillary 

formations covered by cylindric or cylindrocubical epithelium arranged 

in a single layer 

{ 
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Moreover, the epithelial lining has a tendency to be stratified; the 

epithelial cells, considerably elongated, take the semblance of spongio- 

blasts. Their apical surface bears a cuticle frequently provided with 

cilia; their basal extremity, which is quite thin, becomes attached to 

connective tissue. In the midst of the spongioblasts round isolated cells 

appear, which correspond, without doubt, to the germinative cells and 

to the neuroblasts. Some of them form prolongations, veritable axis- 

cylinders with a cone of growth that perforates the basal membrane 

and creeps in between the collagenous fibers of the stroma. 

In several of these tumors, besides these embryonic cells, one finds 

some completely different elements forming ependymal or choroid 

sheaths, stretches of adult neuroglial tissue and groups of ganglion 

cells from which emanate real bundles of nerve fibers. 

This group of neuro-epitheliomas, with which it is convenient to 

associate the stephanocyte retinocytoma of Mawas and the esthesio- 

neuro-epithelioma of Berger, may be distinguished clearly from 

neurospongiomas. 

In comparison with the neurospongiomas, neuro-epitheliomas present 

both younger and more diverse cellular forms, and it is interesting that 

these two varieties of tumors are also distinguished by their biologic 

characteristics. The neuro-epitheliomas are generally tumors with 

attenuated malignity, but when a neuro-epithelioma assumes the char- 

acteristics of active malignity, the characteristics of a neurospongioma 

will develop more and more. Therefore, the neuro-epithelioma appears 

somewhat like an evolutionary dysembryoma, while the neurospongioma 

represents the true cancer of a nerve blastema. 

The following tabulation summarizes the relative frequency of the 

different forms of tumors of the nervous system: 

Total number of cases studied, 251 

. 16} Gliomas, 178 

Ependymocytomas .......... 
Ependymoblastomas Ependymomas, 26 

Neurospongiomas 

Unclassified tumors 

The relatively large number of ependymal tumors observed in this 

tabulation is explained by the fact that among the tumors examined 

there occurred a considerable number of intraspinal tumors, and it seems 

that the percentage of ependymomas is distinctly greater in the spinal 

cord than in the encephalon. 
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HISTOLOGIC DIAGNOSIS OF TUMORS OF THE BRAIN 

PERCIVAL BAILEY, M.D. 

CHICAGO 

1 shall confine my comments to a discussion of the tumors of the 

brain substance, leaving to my colleague, Dr. Penfield, the presentation 

of tumors of the meninges. 

The microscopic structure of tumors of the brain is infinitely varied, 

yet among their kaleidoscopic appearances certain family resemblances 

may be traced, even though they be as elusive as those ot the Dinaric 

race. ‘There are three great families—the medulloblastoma, the glio- 

blastoma and the astrocytoma—which differ widely in age of onset, 

site of origin and biologic behavior. 

THE TUMORS 

The Medulloblastoma.—This is almost exclusively a tumor of the 

cerebellum of children. Its clinical evolution is rapid, the average 

length of life of the patient from the onset of the symptoms to death 

being about fifteen months. It is usually situated in the middle of the 

cerebellum, but projects into the fourth ventricle. It has an unusual 

tendency to invade the meninges and spread widely into the subarach- 

noid spaces, even to the olfactory bulbs in one direction and to the 

cauda equina in the other. It is a firm, reddish-gray tumor, and is very 

vascular. Hemorrhages and cystic degeneration are rare 

Microscopically, this tumor is composed mainly of small cells with 

oval hyperchromatic nuclei. The cells have very little cytoplasm. In 

teased preparations the cells appear spherical. In fixed preparations 

they are usually elongated, somewhat the shape of carrots. Mitotic 

figures are frequent. The cells have a tendency to arrange themselves 

in such a manner as to leave clear spaces free from nuclei but filled 

with the cytoplasmic prolongations of the cells. When these spaces are 

round they resemble the rosettes found in gliomas of the retina, but 

differ in that there is no cavity. It is better, therefore, to speak of 

them as pseudorosettes. 

While the majority of the neoplastic cells are of the type that I 

have described, in some of the tumors other types may be distinguished. 

Submitted for publication, March 7, 1932. 

Read before the International Neurological Congress, Bern, Switzerland, 

Aug. 31, 1931. 
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Almost invariably spongioblasts may be found in considerable numbers. 

They are characterized by having nuclei with a finer network of chro- 

matin, and by denser cytoplasmic prolongations that may be impreg- 

nated by methods for neuroglia cells. Sometimes astroblasts and even 

poorly formed astrocytes may be discovered. In addition, there is 

occasionally found a cell with a much larger spherical vesicular nucleus, 

having a heavy nucleolus and very little chromatin. The cytoplasm 

around this nucleus is stained metachromatically. Although tigroid 

substance is rarely found in these cells, there can be no doubt that they 

are neuroblasts, for they are readily impregnated with silver and may 

be found in all stages of evolution from apolar to multipolar types. | 

have twice seen tumors in the central part of the cerebellum in children 

which were composed almost entirely of such differentiating neuro- 

blasts. Where the tumor has invaded the leptomeninx there is a much 

more abundant connective tissue, so that it is difficult to distinguish the 

neoplastic cells from those of the hypertrophied leptomeninx. This 

fact has caused many of them to be classified as sarcomas. Because 
of the finding of both spongioblasts and neuroblasts apparently differ- 

entiating in these tumors I was led to the hypothesis, previously implied 

by Masson, that the neoplastic cells represent a more embryonic stage 

of development than either the neuroblasts or the spongioblasts, and 

likened them to the indifferent wandering cells of the developing central 

nervous system described by Schaper. I gave these cells the name 

of medulloblasts and called the tumor a medulloblastoma. The pro- 

priety of this name has been disputed, and it was proposed by 

Hoerner to call them neurospongiomas. Whatever the name finally 

adopted for this group, the hypothesis of their origin has been confirmed 

by Masson, Oberling and Wohlwill, all of whom conclude that this 

group of tumors is one well characterized both pathologically and clin- 

ically and is fairly common, constituting about 10 per cent of all 

gliomas. Qeccasionally a tumor of similar structure will be found in 

the cerebral hemispheres. 

Glioblastoma Multiforme.—TVhis is also a common type of glioma. 

It was formerly known as a gliosarcoma. It has been described in great 

detail by Globus and Strauss under the name of spongioblastoma. It 

develops almost exclusively in the cerebral hemispheres of adults. It 

grows rapidly, the average length of the clinical course between the 

onset of symptoms-and the death of the patient being about twelve 

months. The symptoms often begin abruptly, because hemorrhage and 

thrombotic softening in the tumor are common. 

Microscopically, the tumor is composed of anaplastic neuroglia cells. 

Most of them are bipolar or fusiform in shape, so that the tumor 

resembles sometimes closely a spindle cell sarcoma. There are also 

numerous true neoplastic giant cells. Many of the cells resemble medul- 
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loblasts, polar spongioblasts, perivascular cells of Andriezen, astroblasts 

or even small, poorly formed astrocytes. Mitotic figures are numerous. 

The multiformity of the histologic appearance is due not only to varia- 

tions in the form of the neoplastic cells, but also to widespread degenera- 

tive and reparative changes. Intervascular degeneration is common. 

The blood vessels are usually abnormal, with thin walls that have often 

undergone hyaline degeneration. ‘Tortuosity, aneurysmal dilatations, 

thromboses and ruptures of the vessels are common. In the degenera- 

tive areas there is a large amount of fat, and a sort.of hyalinization of 

the cytoplasm that results in the formation of a pseudosyncytium. In 

teased preparations many clasmatocytes may be identified. This family 

is a vast one and could doubtless be subdivided histologically, but there 

would seem to be no practical advantage in doing so since all are equally 

malignant. They constitute from 20 to 30 per cent of all gliomas. 

Astrocytomas.—This is the glioma durum of the classic authors, and 

is the typical glioma of every textbook. It is a slowly growing, rela- 

tively indolent tumor and has a marked tendency to undergo a sort of 

liquefaction, producing large cysts that practically destroy the tumor. 

\ small mural nodule, however, always persists. These tumors are 

relatively avascular, and hemorrhages in them are rare. When situated 

in the cerebellum they cause symptoms in childhood, whereas in the 

cerebral hemispheres they usually cause symptoms only in adult life. 

They are composed either of protoplasmic or of fibrillary astrocytes; 

many of the cells are of transitional type. The time of evolution of 

these tumors is very long. If the cyst is evacuated and the mural 

nodule of the tumor removed, the patient may survive indefinitely. The 

astrocytomas constitute about 30 per cent of all gliomas. 

Oligodendrogliomas.—Aside from the great families already outlined 

there are smaller ones that are also fairly clearly defined. The oligo- 

dendroglioma is almost exclusively a tumor of the cerebral hemispheres 

of adults. It is relatively benign, the average length of life being about 

sixty-six months. Hemorrhages and cystic degeneration are uncom- 

mon, but the tumor is often calcified so that it casts a shadow in the 

roentgenograim. 

Microscopically, the oligodendroglioma is composed of small cells, 

uniformly distributed. It may readily be confused with the medullo- 

blastoma, but careful examination shows that the nuclei are more 

spherical, and mitotic figures are rare or absent.’ The cytoplasm has 

the form of a ring around the nucleus, often with a clear zone between 

them. Many of the cells may be impregnated by methods for the oligo- 

dendroglia, but most of the cells usually cannot be impregnated by any 

method. There are found also large cells of indifferent character and 

some astrocytes. 
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Spongioblastomas (unipolare et bipolare).—These are also rather 

indolent tumors and have a predilection for the brain stem, especially 

in the neighborhood of the optic chiasm. They are grayish, rather 

avascular, firm tumors. They are common in children and are often 
associated with peripheral manifestations of von Recklinghausen’s dis- 

ease. They are composed of bipolar and unipolar spongioblasts, which 

run in long streams with the cells parallel to each other, thus having 

a superficial resemblance to a peripheral neurinoma. In fact they have 

been described as central neurinomas. 

Astroblastomas.—Vhis small group, usually included with the glio- 

blastomas, is that of tumors occurring almost always in the cerebral 

hemispheres of adults. They have many of the characteristics of glio- 

blastoma multiforme, but grow more slowly. Their average clinical 

course extends over a period of more than twenty-eight months. They 

have a characteristic overgrowth of connective tissue around the numer- 

ous blood vessels. The cells nearest the blood vessels have stout vas- 

cular processes, which sometimes form veritable palisades along the 

walls of the vessels. 

Ependymomas and Ependymoblastomas.—In the fourth ventricle 

occurs a firm, rather avascular tumor composed of cells resembling those 

of the ependyma. The usual tumor of this group is composed of a 

mosaic of cells with abundant cytoplasm. In most of the cells near the r 

nucleus may be found a group of granules or short rods which stain 

sharply by methods for neuroglia fibers. These granules are typical 

of those found in the ependymal cells and are known as blepharoplasts. 

The cells are often elongated near the blood vessels so that they appear 

to radiate from the walls of the vessels. These radiated formations are 

often mistaken for rosettes, but they are distinguished from the rosettes 

of the retinal gliomas by having a blood vessel in the center instead of 

acavity. Depending on the shape of the neoplastic cells, two subgroups 

may be made which I have called ependymomas and ependymoblastomas. 

Pinealomas and Pineoblastomas.—In the pineal body, tumors some- 

times develop which resemble closely the medulloblastomas, but may 

be distinguished by the fact that the cells are larger, have more cyto- 

plasm and are round. The nuclei are also larger and more vesicular. 

These cells may lie in a more or less homogeneous mass containing 

scattered blood vessels; the tumor is then called a pineoblastoma. In 

others there is a considerable overgrowth of connective tissue which 

divides the neoplastic cells into lobules. The connective tissue is infil- 

trated with lymphocytes. This association of lymphoid tissue and 

embryonic pineal cells is characteristic of the more adult tumor called 

the pinealoma. 
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Ganglioneuromas.—Rarely, in the brain there occurs a tumor that 

resembles closely the ganglioneuroma of the peripheral nervous system. 

It is characterized by the presence of numerous neoplastic nerve cells 

separated by neuroglia or neurinomatous tissue. This tumor occurs 

usually in the neighborhood of the tuber cinereum, but has been found 

in the cerebellum and in the medulla oblongata. 

Neuro-E pitheliomas.—In the retina occurs a peculiar type of glio- 

matous tumor called a neuro-epithelioma. It is characterized by the 

presence of numerous small cavities surrounded by the columnar bodies 

of the neoplastic cells. These formations are known as rosettes, and 

the cells that form them resemble primitive spongioblasts. At their 

inner ends they bear cilia and blepharoplasts. Such tumors are exces- 

sively rare in the brain, but I have seen three or four typical cases. 

COMMENT 

From the brief characterizations given it can be seen that there 

occur in the brain fairly well defined groups of tumors, each of which 

has its own peculiarities that enable it to be recognized. Of course, 

there are numerous mongrels that cannot be affliated with any of these 

families. Perhaps 12 or 15 per cent of the gliomas cannot be affiliated 

with any of the groups. 

It is obvious to any one who has had to deal with tumors of the 

brain that they do not all behave alike. It was because of a desire to 

understand this variation of behavior that the attempt was made to 

classify them, a proper classification being the first step toward the 

understanding of any group of natural phenomena. Against the classi- 

fication that I have adopted, many objections have been urged. I have 

no time to notice more than a few of them. 

In the first place it has been urged that the structure of gliomas is 

so varied that any attempt to classify them is futile. I have never 

maintained that all gliomas could be classified in this way, but many 

gliomas can be easily recognized as belonging in the groups that T have 

described. When a series of similar tumors is collected one can, by 

making a synthesis, gain some idea of the behavior of the group as a 

whole. 

Second, it has been said that the structure of gliomas varies so much 

in different parts that it is impossible to give a single simple name to 

any glioma. This is not strictly true. Some gliomas vary a great deal; 

others do not. The situation is the same with tumors of the connective 

tissue. Everyone knows that the pathologist may be obliged to diagnose 

osteochondrofibrosarcomas. But this does not alter the fact that one 

may encounter a fibroma or a chondroma of fairly pure structure, and 

the isolation and description of these types are justifiable for purposes 

of analysis, as well as for the purposes of description and teaching. 
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Third, it has been urged that this method of classification is based on 

an embryogenic theory, namely, that the tumors develop from cells 

arrested at a certain embryologic stage of development. I have neve 

maintained any such theory for all gliomas, and it is only probable, as 

far as I can see, in the case of the medulloblastomas. ‘The most that 

[ have done is to give names to the tumors chosen from the terminology 

of the histogenesis of the nervous system because the cells of the tumors 

seem to resemble in their structure these embryologic forms. 

Fourth, it has been urged that since more than 50 per cent of the 

gliomas fall into the three large groups of medulloblastoma, glioblas- 

toma multiforme and astrocytoma, the other groups are superfluous 

This suggestion cannot be taken seriously. It is absurd to argue that 

because an oligodendroglioma rarely occurs in the central nervous system 

it ought to be classified with the astrocytomas. 

Fifth, it has been remarked that the classification of gliomas is use 

less indoor sport. ‘The study of any group of natural phenomena need 

no justification. Some people collect butterflies, others beetles. 1 col 

lect tumors of the brain and classify them, and find the process suffi 

ciently interesting to repay me for the time I spend at it. 

Sixth, | might mention that in a recent review of the German edition 

of the monograph that I published in collaboration with Cushing, Hert 

Bielschowsky remarked that there is, after all, nothing particularly new 

in all this. I should certainly agree with that statement Perhaps thx 

only thing that can be considered new is the creation of a rather small 

group of tumors composed largely of oligodendroglia and of their fore 

runners the oligodendroblasts. But nobody can deny that this group 

of tumors was badly in need of study, and I am sure that in the near 

future ideas concerning them will be considerably clarified. 

It has been stated also that the histologic nature of the glioma is 

of no importance for treatment, the only safe guide being the YTOSS 

appearance and relationship ot the tumor. [| am convinced, however, 

that the histologic nature of the tumor is of considerable practical 

importance both for the treatment and for establishing the prognosis 

It seems to me that there are three times when one would like to 

know the histologic nature of a tumor with which one is dealing: 

1. It should be known before operation, because the operability of 

the tumor and the method of attack, I still believe, should depend to a 

certain extent on the histologic structure of the tumor This is rarely 

possible to predict. up to the present time, in the case of tumors of the 

nerve tissue itself. Yet certain things have been learned In childhood 

a certain clinical syndrome. now known generally as the syndrome of 

the vermis, accompamed by signs of intracranial tension, means one of 

two gliomas almost invariably, either a medulloblastoma or an astro- 
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cytoma. It has been learned also that when symptoms of a tumor 

develop in the cerebral hemispheres in adult life, particularly at middle 

age or later, the chances are overwhelmingly in favor of finding a 

malignant, rapidly growing and infiltrating glioma, formerly called a 

gliosarcoma and now spoken of as a spongioblastoma or a glioblastoma 

multiforme. It is known that when the vision of a child with peripheral 

manifestations of generalized neurofibromatosis begins to fail, there is 

likely to be found a elioma of the optic chiasm of the type known as 

a spongioblastoma (unipolare et bipolare). It is known also that when 

symptoms of a tumor in the cerebral hemispheres coexist with a calci- 

fication visible with the x-rays one is likely to find a slowly growing 

type of glioma, in most cases an oligodendroglioma. These are meager 

results, it may be said, of such a long and arduous study. 

There is, perhaps, one other more direct method of determining 

something of the nature of a tumor of the central nervous system before 

operation, and that is the method of puncture of the brain proposed 

by Pfeiffer. Il have had no experience with this method. If I were 

sure that I could distinguish between different varieties of gliomas by 

the tissue removed in this way, | might be willing to use it, although 

heretofore the fear of intracranial hemorrhage has deterred me. Its 

use simply to diagnose a tumor is not necessary, since the same diag- 

nosis may more readily be made by ventriculography 

2. When the surgeon discloses a tumor at operation I still believe 

that there are cases in which his attack should depend on the histologic 

nature of the lesion, and I am rarely sure enough of the nature of a 

glioma from the gross appearance to be willing to base my therapeusts 

thereon alone | know well that there are neurologic surgeons in the 

United States who do not agree with me Recently, one well known 

neurologic surgeon in my presence disclosed a midline cerebellar tumor 

in a child \s the patient’s condition was precarious, he closed the 

wound, intending to remove the tumor at a second operation. I told 

him that under similar circumstances I should have made a biopsy, and 

if | had found the tumor to be a medulloblastoma I should have saved 

myself another morning’s work. He replied that he would go back 

and attempt to remove the tumor, whatever its histologic nature might 

be. Yet to mv knowledge no one has ever succeeded in removing a 

medulloblastoma in this situation so completely that the symptoms did 

not recur within a few months. And I have been able to prolong the 

lives of such children with roentgen radiation just as successfully as 

this surgeon has by operative removal 

There are two methods of determining during operation the nature 

of the tumor with which one is dealing, apart from the gross appear- 

ance. One is the method of supravital examination recently reported 

on by Dr. Louise Eisenhardt. I have had several years’ experience 

| 
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with this method, and I have not been able to become sufficiently expert 

to be willing to base my diagnosis on this method alone. It is possible 

in this way to distinguish between a meningeal tumor and a glioma, for 

example, but I find plenty of difficulty in distinguishing the different 

types of gliomas from each other with all of the resources of micro- 

scopic technic at my command. The other is the method of frozen 

sections, and this to my mind is still the most reliable, for the differen 

tiation of the types of gliomas demands a knowledge of the architectural 

arrangement of the cells as well as of the structure of the individual 

cells. 

3. After the operation, either from operative specimens or from the 

necropsy, one obtains material that is useful for microscopic study. It 

has no longer much immediate practical value, except, perhaps, in the 

case of the operative specimen for making a prognosis. But it is still 

useful and interesting from a purely scientific standpoint, and although 

one may make a fairly shrewd guess, after a certain amount of experi- 

ence, from a section stained simply with hematoxylin and eosin, I have 

found that specific staining and impregnation methods are necessary for 

any finer histologic study. For this purpose | employ three fixatives, 

either Zenker’s or Bouin’s fluid, a diluted formaldehyde solution 

(“solution of formaldehyde U.S.P.” 1, water to make 10) and Cajal’s 

formaldehyde-bromide solution. Other fixing solutions are rarely needed. 

It is then necessary to make sections for different purposes by the freez- 

ing method, by the paraffin method or by the celloidin method. The 

details of all these various procedures will be found in my monograph 

m tumors of the glioma group. 

The problem of how to treat tumors developing from the substance 

of the brain is one of the most knotty in all medicine, and if the histo- 

logic studies that I have made should prove to be of assistance in the 

untangling of this problem I shall be glad; if not, I shall still have had 

the enjoyment of studving them. 
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The latter criticism may be leveled at meningioma, 2 blanket term 

suggested by Cushing, as it also avoids the issue of identification. 

Because of its simplicity, however, and the distinction of its sponsor, 

the term meningioma has gained wide popularity (Bostroem and Spatz, 

1929). This term, if it be accepted in the broadest sense to mean any 

tumor arising in the meninges, is admissible. It then includes sar- 

comas, hemangiomas and even lipomas that arise in the meninges, a 

point of view recently adopted by Bailey, Cushing and Eisenhardt 

( 1928). 

Fig. 1.—Meningeal fibroblastoma from the spinal canal. Note the fibroglia 

fibrils in the whorl. Hematoxylin and eosin stain; reduced from & 1,320. (After 

Penfield, 1927 

Bailey and Buey (1931) still more recently have separated the tumors 

of the meninges into nine subdivisions. Theoretical justification for 

such elaboration is not found wanting. But is it expedient thus to 

complicate a relatively simple problem? These authors include angio- 

blastomas, melanoblastomas, lipomas and diffuse sarcomas of the pia 

in this classification, four tumor entities that are of importance and 

that may rightly be included under the heading of meningioma. But 

they do not belong to that group of neoplasms formerly designated as 

“dural endothelioma.” The remaining five subdivisions suggested by 

these authors, i. e.. mesenchymal, meningotheliomatous, fibroblastic, 
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psammomatous and osteoblastic meningiomas, do belong to this group, 

and it may be observed in passing that the possibility of such a classj- 

fication of the meningeal tumors is eloquent evidence of the connectiy: 

tissue nature of the meninges as is pointed out by the authors themselves 

For the purpose of analysis of the meningeal fibroblastomas, these 

subgroups will serve. Whether a particular tumor falls into one or 

the other of the groups mentioned depends only on its degree of dif- 

ferentiation. In my experience the more slowly growing tumors are 

the more differentiated ; that is, more of their cells show the elaborated 

characteristics of meningeal fibroblasts, forming collagen and _ fibroglia 

Fig. 2.—Meningeal fibroblastoma; same case as in figure 1. Note the size and 

arrangement of the collagen fibrils. Silver carbonate connective tissue strain; 

reduced from * 1,320. 

and permitting the deposit of corpora amylacea, a trait particularl 

characteristic of meningeal cells in the pacchionian granulations and in 

the invaginations of pia-arachnoid into the choroid plexuses. The 

collagen that is formed by these tumors (fig. 2) is so characteristically 

ditferent from the collagen formed in tumors arising from nerve sheaths 

that an adequate collagen stain is invariably sufficient to indicate into 

which of these two common types a particular example falls. 

The less differentiated tumors, which mav be said to resemble 

“meningothelium” or even “meningeal mesenchyme.” grow somewhat 
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more rapidly, in my experience. All of these types show histologically 
some of the tendency characteristic of meningeal cells to wrap them- 

selves about almost any structures with which they come into contact 

and thus form cellular whorls. But all these histologically divided 

tumors are biologically similar. They may recur locally if not com- 

pletely removed, and they may invade the overlying bone in an altogether 

characteristic fashion. 

Finally, it is apparent that one is dealing with one tumor entity. The 

type cell, wherever sufficiently differentiated, has the characteristics of 

a fibroblast. It retains the traits or traditions peculiar to fibroblasts of 

the meninges. Therefore, Mallory (1920) named this tumor arachnoidal 

fibroblastoma, and agreeing with Mallory, I also called it fibroblastoma 

(1927, 1932), but substituted meningeal for arachnoidal, as occasional 

tumors have no gross attachment to the arachnoid. 

The fact that meningeal fibroblastomas vary to a certain extent 

in histologic picture does not necessitate subdivision. A similar range 

of cell differentiation is seen in various parts of the normal meninges 

themselves 1f one compares the undifferentiated arachnoidal cell groups 

with the pacchionian granulations and the well differentiated dura mater. 

In the diagnosis of a carcinoma derived from a gland one does not 

demand reproduction of the detail of the gland in every field. Extended 

search may be required before the neoplastic cells are seen to betray 

traits peculiar to the gland in question. Can one not similarly accept 

the meningeal fibroblastoma, although it may not be possible to stain 

fbrogha fibrils in every cell? To the diagnosis of meningeal fibro- 

blastoma may be added, if desired, the qualification of “‘little differen- 

tiated,” “psammomatous,” ete. Further subdivision and reclassification 

may be tempting but are not expedient. 

The suggestion of Oberling (1922) that the term meningoblastoma 

be adopted for these tumors is based on his conclusion that some of the 

examples in this group of tumors are histologically gliomas, sarcomas, 

epitheliomas, ete. Critical study of the cytology alone can answer such 

a contention, During the study of neuroglia by various methods for 

many vears | have never found a cell in a meningeal tumor that could be 

considered glial, provided the stain was satisfactory. 

Space does not permit a discussion of the origin of the meninges. 

There seems to be no reason to depart from the point of view of His, 

of Koelliker and Weed (1932). Occasional heterotopia of neuroglial 

tissue in the meninges is not an argument against their mesodermal 

nature (Buckley and Deery, 1929). 

Weningeal Sarcoma.—The melanoblastomas, lipomas and angio- 

hlastomas of the meninges require no discussion. They may be under- 

stood by a knowledge of those same tumors arising in other structures. 
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However, sarcoma of the dura must be mentioned, as these tumors 

show a structure sometimes reminiscent of the meninges and of the 

meningeal fibroblastomas. Biologically, they resemble sarcomas of this 

type in other regions, being locally malignant (Craig, 1927) and eroding 

Fig. 3.—Sarcoma otf the cranial dural mater which penetrated the skull by 

erosion without involving it. Note the mitotic figurs Hematoxylin and eosin 

stain. (After Penfield, 1932.) 

Fig. 4—Sarcoma; same case as in figure 3. Note the collection of cells with 

arachnoidal arrangement. Hematoxylin and eosin stain. (After Penfield, 1932.) 

the overlying bone instead of producing osteogenesis within it 

( Penfield, 1923). 

They grow rapidly and contain mitotic figures (fig. 3). The extra- 

dural sarcoma, which so frequently produces spinal compression, arises 

in many cases from the dura itself, as is betrayed by its histologic 

structure. This tell-tale of the origin of these tumors may be found 
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in scattered areas where groups of cells are found arranged in tufts or 

islands resembling undifferentiated arachnoidal tufts (fig. 4). 

Sarcoma of the leptomeninges, also a rare neoplasm, metastasizes 

through the cerebrospinal fluid as is to be expected. It behaves in that 

sense like some of the gliomas and like hemangioblastomas when these 

tumors have invaded the leptomeningeal space. 

rUMORS OF THE NERVE SHEATH 

1. Perineurial Fibroblastoma (Neurinoma, Schwannoma, Solitary 

Neurofibroma, Cerebellopontile Angle Tumor ).—To enumerate only a 

few of the synonyms is to bring clearly to mind the tumor entity under 

discussion. Again the problem is one of terminology and identity.’ 

These tumors do not contain nerve fibers. The mistaken belief 

that they did do so led Verocay to call them neurinomas. They 

do not contain neuroglial elements, to the best of my belief after 

exhaustive study by means of special neuroglia methods. The type cell 

is not the Schwann cell but the connective tissue perineurial and endo- 

neurial cell, as shown by the following facts. The tumor cells form 

fibroglia, collagen fibrils and elastic tissue (Mallory, 1930). The out- 

standing histologic characteristic of these tumors is the presence in 

them of long parallel hairlike fibrils which stream together like hairs 

ina brush (fig. 5). They are not nerve fibrils. They are the archi- 

tectural support without the nerve. They are reticulin fibrils staining 

with the same specific stains used for reticulin elsewhere. 

If one examines these reticulin fibrils in a normal nerve, they are 

seen to run in the endoneurium to the point where the nerve enters the 

spinal cord or medulla (fig. 6). There these hairlike fibrils pass off 

continuously into the leptomeninges, showing the identity of their struc- 

ture with the collagen structure of the leptomeninges. The Schwann 

cells, which seem to be analogous to neuroglia, could hardly be expected 

to form fibrils of this sort which bear no resemblance to neuroglia fibrils. 

The palisading of the nuclei characteristic of these tumors takes 

place because of the presence of sheaves of these peculiar hairlike 

reticulin fibrils which crowd the nuclei to either end of the sheaves 

( fig 7) 

2. Peripheral Gliomas.—These tumors do occur, although they are 

extraordinarily rare. They arise from the cells of the sheath of Schwann 

or their precursors, but do not in any way resemble perineurial fibro- 

blastomas. They resemble little differentiated gliomas. If any tumors 

are to be called schwannomas, these skould be. 

1. An extended discussion of the excellent work on this subject by Masson, 

Roussy, Lhermitte and Cornil, Antoni, Mallory, van Wagenen and others may be 

found in Penfield, 1932 (see bibliography). 
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Fig. 5.—Perineurial fibroblastoma of the eighth nerve Note the bundles of 

parallel reticulin fibrils. Laidlaw’s connective tissue stain 

Fig. 6.—Reticulin fibrils in posterior spinal root leaving ganglion Laidlaw’ s 

connective tissue stain; somewhat higher magnification than in figure 5 

— | 
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The peripheral glioma described here (fig. 8) shows rosettes and 

a coarse collagen stroma.* The tumor.arose in the ulnar nerve. It 

contained numerous mitotic figures, and eventually metastasized and 

killed the patient ten months after its first appearance. It should be 

called a neuro-epithelioma. Theoretically, more benign gliomas may also 

he expected to form on peripheral nerves, but I have never been for- 

tunate enough to see an example. 

ig. 7.—Perineurial fibroblastoma: 4, palisading of nuclei; hematoxylin and 

eosin stain. 4, reticulin fibrils lying between the palisading nuclei; silver stain. 

3. Neurofibroma of von Recklinghausen—tThe use of the name of 

the man who gave the first clear description of these tumors identifies 

the neoplasm sufficiently. One recognizes neurofibromatosis as a 

familial disease of a diffuse character in which meningeal fibroblastomas, 

2. Dr. A. P. Stout, of New York, my former colleague, permitted the use of 
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Fig. 8.—Neuro-epithelioma of the ulnar nerve. Note the collagen stroma and 

the tendency of the tumor cells to form rosettes. (After Penfield, 1932 

Fig. 9—Neurofibroma of the peripheral nerve. Note the disorderly arrange- 

ment of the cells 
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gliomas and sarcomas may on occasion be encountered. But the com- 

monest characteristic of this disease is the presence on the nerves of 

multiple tumors whose histologic structure suggests a connective tissue 

reaction of some sort. Typical perineurial fibroblastomas (Antoni’s 

pure neurinomas) may be encountered or may be found as part of 

one tumor, but the typical neurofibroma contains reactive connective 

tissue (fig. 9) and occasional nerve fibers belonging to the parent nerve 

(.\ntoni’s mixed structure). The presence of nerve fibers in the tumor 

(fig. 10) shows at once that one is dealing with neurofibroma and not 

erineurial fibroblastoma. In the latter tumor the nerve fibers of the | 

: 

hig. 10.—Neurofibroma on the cauda equina in a case of von Recklinghausen’s 

disease Gros-Bielschowsky neurofibril method. This was an extremely small 

nodule The nerve can be seen entering the tumor at the left upper corner. 

\iter Penfield and Young, 1930.) 

parent nerve will be found plastered about the tumor in the capsule, 

not entering the neoplasm. 

CONCLUSION 

From a practical point of view there are only three common types 

of tumors of the sheaths of the nervous system, all encapsulated and 

henign. Neurofibroma, least common and a product of von Reckling- 

hausen’s disease, contains nerve fibers in its mixed histologic structure. 

The meningeal fibroblastoma has a tendency to whorl formation of nuclei, 

and the perineurial fibroblastoma a tendency to palisade arrangement. 
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This is not enough to distinguish the last two from each other in 

difficult cases. .A careful reticulin stain, such as one of the modifications 

of the Bielschowsky stain (Mallory and Parker, 1929; Laidlaw, 1930) 

will betray at once the tumor derived from the nerve because of the 

easily recognized hairlike fibers. The distinction of meningeal from 

perineurial tumor then becomes simple and certain. 

Derived from the meninges, two types of tumor should be recog- 

nized: meningeal fibroblastoma, a benign tumor with certain unusual 

characteristics, and meningeal sarcoma, which is less benign and 

resembles sarcoma elsewhere. 

Derived from the nerve sheath, perineurial fibroblastoma is an easily 

recognized, encapsulated tumor found most frequently on the acoustic 

nerve and spinal roots. Peripheral gliomas derived from the neuroglial 

elements in a nerve, although extremely rare, resemble the more malig- 

nant central gliomas. The neurofibroma of von Recklinghausen’s dis- 

ease is more like a focal increase in the curious process that takes plac 

diffusely throughout the length of the nerves in such cases. 
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VENTRICULOGRAPHY AND ENCEPHALOGRAPHY 

THEIR VALUE IN THE LOCALIZATION AND TREATMENT 

OF INTRACRANIAL LESIONS 

FRANCIS ¢ GRANT, M.D 

PHILADELPHIA 

\ precise diagnosis of the exact character and position of a lesion 

of the brain is often difficult. Clinical symptoms may be scanty or 

misleading, and even after a conclusion is reached as to the real nature 

of the disease the question of proper therapy must be decided. Many 

intracranial conditions are not amenable to direct treatment in the 

light of present knowledge. The protean manifestations of cerebral 

syphilis can be benefited if treated in time. Surgery has shown in the 

last twenty-five years how much may be accomplished by prompt explo- 

ration when a tumor, an abscess or a posttraumatic scar is present 

Cerebral syphilis and surgical lesions in general, however, are the only 

intracranial conditions that can be materially improved by methods now 

available. 

Since surgery provides the readiest means of relief for certain con- 

ditions, an early recognition of the proper indications for operative 

intervention is important. It is in the prompt determination as to 

whether or not an intracranial lesion can be benefited by surgical inter- 

vention that the recently introduced methods of diagnosis by ventriculog- 

raphy and encephalography are especially valuable. By their use, not 

only the character but also the position of the lesion is shown, whicl 

is a great aid to the surgeon in the proper planning of the operative 

approach if a direct attack appears to be indicated. [urthermore, in 

certain nonsurgical conditions, the insufflation of air seems of itself to 

have a definite therapeutic value. 

In an attempt to determine the usefulness of these procedures in 

the differential diagnosis and localization of lesions of the brain and 

Submitted for publication, Dec. 28, 1931 

Read at the International Neurological Congress, Bern, Switzerland, Aug. 31, 

1931 

From the Neurosurgical Clinics of the University Hospital and the Post 

Graduate Hospital of the University of Pennsylvania 

Dr. W. G. Spiller and Dr. T. H. Weisenburg gave me the privilege of using 

material from their neurologic clinics, and Dr. H. K. Pancoast and Dr. G. E 

Pfahler helped me develop the radiologic technic and interpret the encephalographic 

finding findings 
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their therapeutic effect on the symptoms accompanying such conditions, 

4 series of 325 encephalograms and 160 ventriculograms has been 

analyzed. 

Dandy ' and Bingel * have shown that the fluid in the subarachnoid 

spaces and ventricles of the brain can be safely withdrawn and replaced 

by air, and that on an x-ray film the air throws a shadow that can be 

readily distinguished from that produced by the cranial bones. The 

size, shape and position of the cerebral ventricles and the various arach- 

noid cisternae and spaces are accurately outlined. By the use of this 

method, therefore, it is relatively simple to determine whether or not 

the lesion revealed demands surgical relief, and if so, to plan the opera- 

tive procedure with accuracy. 

Three methods exist for the removal of fluid and the insufflation of 

air: lumbar puncture, occipital puncture and direct tap of one or both 

ateral ventricles. Curiously enough, there has crept into the literature 

i. difference in the terminology describing these methods, although the 

results with each are practically identical. ‘‘Encephalography” means 

that the lumbar or suboceipital route has been used ; “ventriculography,” 

that the skull has been trephined and air introduced directly into the 

ventricles. This difference in nomenclature probably arose from the 

fact that by ventriculography the lateral, third and fourth ventricles 

are more apt to be completely filled, whereas the subarachnoid space 

frequently contains little or no air, while in encephalography the sub- 

arachnoid spaces and cisternae are well shown and the inferior and 

posterior horns of the lateral ventricles may not be clearly outlined. 

\s far as the experience of my associates and myself is concerned, 

lumbar encephalography and ventriculography are the two methods 

practically always used. Suboccipital encephalography has been employed 

very rarely, because we do not concede, as Eskuchen,* Goette* and 

Ginzberg * claimed, that it is as safe as the lumbar route, that it pro- 

duces a better filling with air of the cerebral spaces and consequently 

more satisfactory x-ray films, or that it is less strain on the patient. 

This method certainly should never be undertaken when increased intra- 

cranial pressure is present. 

No matter what technic is used in lumbar encephalography or ven- 

triculography, the most important factor to be kept in mind at all times 

in obtaining x-ray films of real diagnostic worth is that all the fluid 

1. Dandy, W. | Ann. Surg. 68:5, 1918; Surg., Gynec. & Obst. 30:329, 1920. 

2. Bingel, A Deutsche med. Wehnschr. 47:1492, 1921; Med. Klin. 17:300 

3. Eskuchen, K Ergebn. d. inn. Med. u. Kinderh. 34:243, 1928 

4. Goette, K Deutsche Ztschr. f. Nervenh. 110:9, 1929 

5. Ginzberg, R Arch. f. Psychiat. 89:711, 1930 
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that can possibly be removed should be withdrawn. It is not necessary 
to replace an equal amount of air, provided this is done. Fluid remain- 
ing in one horn of a lateral ventricle or in the cortical or basal sub- 

arachnoid spaces, however, will prevent access of air to this region 

and suggest the presence of a lesion. Rotation of the head, coughing, 

straining and jugular compression should be employed to assure the 

escape of all the fluid obtainable. 

Broadly considered, intracranial lesions produce either symmetric 

or asymmetric changes in size, shape and position of the shadows of 

the ventricles and arachnoid spaces. Such changes are particularly well 

exemplified by the effects produced by an expanding lesion, such as a 

tumor, an abscess or a chronic subdural hemorrhage \ tumor in one 

cerebral hemisphere always produces obliteration of, or a filling defect 

in, the lateral ventricle of that hemisphere, while the size and contour 

of the other lateral ventricle may not be changed, nor the cortical chan- 

nels much affected. Schuster “ reported a case in which the tumor was 

situated on the same side as the larger lateral ventricle, but we have 

never noted a similar occurrence. However, a deviation from the 

normal air shadow of the lateral ventricle must be taken into considera- 

tion in localizing a lesion. Apparently, not infrequently the posterior 

horn may be short and blunted or even entirely lacking, as Penfield * 

has pointed out. This normal defect in the ventricular outline may 

easily suggest the presence of a lesion, but unless the patient is already 

blind, the changes in the visual fields will help to determine whether or 

not the absence of the posterior horn is due to a tumor. Furthermore, 

as the exploring cannula must pass through this region mm reaching th: 

ventricle, a change of resistance on encountering the tumor will reveal 

its presence. .\ supratentorial tumor lying in the midline between the 

cerebral hemispheres, and any subtentorial lesion, by interfering with 

the circulation of the cerebrospinal fluid, causes a symmetrical dilatation 

of all the ventricular spaces above the point of obstruction, result 

ing in a greater or lesser degree of internal hydrocephalus. The arach 

noid spaces may or may not be affected, depending on the amount of 

intracranial pressure. \Vhen lesions affect particularly the cortical and 

basal subarachnoid spaces, this classification holds in the main. These 

channels may be dilated or obstructed symmetrically over both hen 

spheres or only on one side. But cortical atrophy or “arachnitis” may 

be very marked over one or both hemispheres, unaccompanied by any 

changes in the size, shape or position of the lateral ventricles 

Precisely what is meant by “arachnitis’”” must be clearly understood 

“Arachnitis” is a term coined by the radiologist to mean a lack of 

6. Schuster, J Klin. Wehnschr. 4:552, 1925 

7. Penfield, W Cerebral Pneumography Its Dangers and Uses. <Arel 

Neurol. & Psychiat. 13:580 (May) 1925 

4 
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filling with air of the hemispheral or basal arachnoid channels. Pre- 

sumably the failure of the air to replace the fluid in any region is 

due to widespread inflammatory adhesions, a meningitis, preventing the 

interchange between fluid and air. Actually, it may mean nothing of 

the kind. In several instances, an operative exposure over an area of 

“arachnitis” showed an excess of fluid in the cortical arachnoid spaces 

lying under a normal-appearing arachnoid membrane. In other cases, 

in plates taken twenty-four hours after the first encephalogram or on 

repeating the injection of air, the channels apparently blocked off were 

seen to be well filled. Either the block preventing the replacement of 

fluid by air was low down at the base, say at the point where the arach- 

noid channel of the sylvian fissure leaves the basilar cistern, so that 

although the cortical spaces on visual inspection appeared normal, the 

fluid could not escape, or, because of some unknown hydrodynamic cause 

or fault in technic in withdrawing the fluid, the area in question was 

not drained. But the point to be emphasized is that “‘arachnitis,” while 

it suggests inflammatory adhesions, simply means lack of drainage and 

failure of the air to reach a certain region from some cause or other 

which may or may not be due to a demonstrable pathologic process. 

\s Dandy was interested in neurosurgical problems and developed 

ventriculography for the localization of tumors of the brain, this method 

was at first used almost exclusively in this country. Furthermore, in 

neurosurgical clinics for the most part there is a healthy fear of per- 

forming a lumbar puncture in the presence of increased intracranial 

pressure. Hence, encephalography has only ‘lately come into prominence, 

since the neurologist found it could be carried out with perfect safety 

if spinal tension was not markedly increased. Consequently, it has been 

used promuscously in a great variety of intracranial conditions. But the 

principal value of encephalography to the neurosurgeon consists in the 

fact that its use affords an easy method of confirming an opinion based 

on the history and clinical observations that in a given case no indica- 

tion for surgical intervention exists. 

The chief indication for ventriculography is increased intracranial 

pressure, the cause for which cannot be accurately localized. Owing to 

the technical difficulties involved in this procedure, its use has been 

limited practically entirely to patients suspected of having a tumor of the 

brain. No claims as to its therapeutic value have been advanced. In 
some instances very large tumors produce absolutely no reliable neuro- 

logic signs to define their position. At other times, although it is 

Obvious in which cerebral hemisphere the tumor lies, it is difficult to 

| 

| 
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be certain whether its position is anterior or posterior. Since a suc 

cessful attack on such a lesion depends in great measure on the proper 

placing of the operative approach, the value of the accurate informa 

tion afforded by a ventriculogram is obvious. 

The technic of ventriculography has been described elsewhere * and 

needs no repetition here. As a result of considerable experience, three 

important points should be emphasized: (1) Always tap both ventricles; 

(2) be certain that the drainage of fluid is as complete as possible; (3) 

operate as soon as localization can be made from the x-ray films. 

Both lateral ventricles should be tapped in every instance for, thus, 

drainage of the fluid is more complete and any abnormalities in the 

size, shape and position of the ventricular system as depicted on the 

films are due to the tumor and not to undrained fluid. All the errors 

in localization we have made have been due to incompletely removed 

fluid simulating a filling defect due to a tumor. Whether or not the 

lesion obstructs the foramina of Monro may be determined by bilateral 

tap and the injection of a dye—methyl blue—into one ventricle and its 

recovery from the other. 

furthermore, if both ventricles are tapped and communicate, aftet 

all the fluid that will escape spontaneously has been obtained, the remain- 

ing fluid is siphoned from one needle and air enters the ventricles 

through the other. By rotation of the head and repeated jugular com- 

pression, all the fluid is thus replaced by air without increasing the 

intracranial pressure or actually injecting any air lastly, and most 

important of all, by a bilateral tap a fair idea of any abnormality in the 

position of the lateral ventricles may be obtained, while separate meas 

urement of the fluid escaping from each needle affords a good estima- 

tion of their comparative size. The trephine openings must be placed 

accurately on either side of the midline in the same relative position 

to the points at which the lateral ventricles are to be entered. Hi, 

through properly placed incisions, one ventricle is punctured at the 

usual depth with the needle in the normal planes, whereas the other is 

found shifted in position and at a greater distance from the surface 

or cannot be tapped at all, it is suggestive evidence of variation in its 

size due to encroachment by a tumor. If the fluid escaping from one 

entricle 1s much greater in amount than that obtained from the other, 

this again argues for disproportion in their relative size 

\ cerebral hemispheric tumor, as has been noted, in the great 

iuajority of instances impinges on and changes the size, shape and 

position of the corresponding lateral ventricle. Hence, by this method 

8. Grant, F. ¢ Surg., Gynec. & Obst. 46:689, 1928. Gardner, W. J., a 

Frazier, C. H Ventriculography Without Air Injection, J. A. M. A. 93:193 

July 20) 1929 
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of bilateral trepanation and ventricular estimation * it is frequently pos- 

sible to determine which cerebral hemisphere harbors the tumor 

without the necessity of injecting air (table 2). If an accurate neuro- 

logic examination shows that none of the actively responding cortical 

centers of the hemisphere under suspicion are involved, the tumor must 

therefore be in a silent area, such as the right frontal or temporal 

regions. 

ABLE 1.—RKesults with Ventriculography; Analysts of One Hundred and 

Cases 

Localized by ventriculography 93 

Pereentage of all cases 
3] 

\. Confirmatory of neurologic signs {5 

Percentage of all cases 28.1 
Pereentage of all localized cases 18.4 

B. In absence of neurologie signs.. 
Percentage of all cases 0.0 
Percentage of all localized cases 1. 

If. Loealization probably correet but unverified 

Percentage of all cases ‘ : 4.4 

If. Tumors ruled out by ventriculography 
Percentage of all cases 

IV. Operative errors due to ventriculography 

Percentage of all cases 1.8 
Errors in technie 17 

\. Insufficient air 
B. Inability to tap ventricles 

( Bad films 

Percentage of all cases 10.6 

VI. Mortality due to ventriculography 10 
Percentage of all cases ' 6.2 

Total 160 

VII. Tumors localized by ventriculogram alone and successfully removed 91 
Percentage of all cases 13.1 
Percentage of all localized cases 2.6 

2.—WResults with Ventricular Estimation in Fifty-Two Cases 

Cases Percentage 

I. Ventricular asymmetry found 9 75 
Tu verified on side of smaller ventricle 

B. Probably correet but unverified $ 10 

It. \ tricular symmetry found l 
\. Tumor verified in posterior fossa or third ventricle 9 70 
B. Probably correct but unverified { 0 

Ill. Mortality 1.9 

every cause it was possible to reach one or the other lateral ventricle 

lf, however, the ventricles are both normal or apparently equally 

enlarged, suggesting an internal hydrocephalus, then air should always 

be used The differential diagnosis between a midline, interhemi- 

spheric, supratentorial tumor and a lesion in the posterior fossa cannot 

be made by ventricular estimation alone. A lesion in either of these 

positions may cause an internal hydrocephalus. It is only by examina 

Dand \\ | Surg., Gavnec & Obst 36: 641, 1923 (srant, ibid 

| 

| 

0 
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46:689, 1928 
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tion of the x-ray films, to see whether or not the third ventricle can 

be clearly visualized, that this differential diagnosis is made (figs. 54 

and 7.1). Furthermore, we have in two cases revealed the presence 

ef a tumor within a lateral ventricle by a ventriculogram when ven- 

tricular estimation alone would have been misleading, since a marked 

bilateral internal hydrocephalus was present in both instances. .\ tap 

alone without the injection of air would have suggested a lesion of 

the third ventricle or of the posterior fossa. 

In the localization of lesions causing increased intracranial pressure 

and therefore strongly suggesting a neoplasm, we prefer ventriculog- 

Fig. 1 (case 1).—Ventriculogram of a left frontal tumor There was no 

neurologic evidence of the position of the tumor. Localization was determined by 

the ventriculogram. Note the lateral ventricle deflected to the right by the tumor 

Note the symmetrical placing of the trephine openings for tapping of the vi ntricle 

Operation revealed a large cystic glioma, which was partially removed Phe 

patient recovered 

raphy to encephalography. This opinion may well be subject to revision, 

but such is our belief at present. Although we have repeatedly used 

encephalography in tumor of the brain, as table 4+ shows, we dislike tt, 

especially in lesions of the posterior fossa, because of the dang rot pre- 

cipitating an intracranial crisis by lumbar puncture. \gain, bilateral 

ventricular tap, by the technic described, may give definite evidence of 

the position of the tumor without the necessity for insufflating an 

air. 
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Furthermore, encephalography unquestionably produces a more 

severe reaction than does ventriculography. If there is one fact that 

has impressed itself by bitter experience on the neurosurgeon, it is that 

if a tumor can be located on the films after the injection of air, imme- 

diate operation for its removal is essential. Unless prompt surgical 

measures are adopted, the reaction following the injection of air by 

have 

repeatedly seen patients so severely shocked that immediate operation 

was out of the question. r 

either method may be fatal. Following encephalography, we 

Later, increasing signs of pressure forced 

operation under much less favorable circumstances. 

ig. 2 (case 2).—Large right frontal intraventricular tumor impinging on the 

right lateral ventricle. The tumor was localized by ventriculogram and removed 

rh is is the type of case with bilateral internal hydrocephalus and a tumor in the 

cerebral hemisphere in which ventriculography rather than ventricular estimation 

should be done Ventricular estimation under these circumstances would 

1a midline lesion or 

have 

suggested a lesion of the posterior fossa 

Ventriculography 1s, of course, a major surgical procedure requiring 

more technical skill than encephalography, but, even so, it 1s less distress- 

ing to the patient. Furthermore, if following a ventriculogram the 

localization cannot be made, or if for some good reason operation must 

be postponed, the air can be removed by a second tap. This reduces 

the chances of a severe, possibly fatal, reaction. Following encepha 

lography, the air cannot be easily removed, which may be distinctly 

disadvantageous. 
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Ventriculography is said to be more dangerous than encephalography 

and to have a higher mortality. Nevertheless, in comparing the mor- 

tality with these two methods, as Jingling '® has remarked, the type 

of case in which each has been used must always be considered. 

Ventriculography has been employed almost exclusively in tumors of 

the brain with increased intracranial pressure, frequently as a last resort 

and under unfavorable conditions. [:ncephalography, on the other hand, 

has been used in all manner of cases, without pressure and with the 

patients usually in good physical condition. Naturally, the resulting 

mortality has been lower. If ventriculography had been used as _pro- 

miscuously and widely as encephalography, the subsequent mortality 

might well be relatively the same. It is interesting to note Irom a 

Fig. 3 (case 3) lumor in the right parietotemporal region blocking the 

anterior and inferior horns of the right lateral ventricl The ventriculogram 

confirmed the neurologic findings. The tumor was exposed and removed 

careful review of the literature that of 42 deaths due to encephalography, 

20 were in cases of tumor. This is evidence that when used under 

similar conditions there will not be much difference in the mortality 

from either method. 

Four years ago, | published '' the results following ventriculography 

in 392 cases furnished me in great measure through the cooperation of 

the Society of Neurological Surgeons. The mortality was 8.2 per cent. 

10. Tunneling. O IK] Wehnschr. 7:2350. 1928 

11] (;rant, Ventriculograph \ Based on. the \nalvs 

rhree Hundred a Nine | (Cases Arch. N rol. & Psvchiat. 14:313 (Jct.) 

1925 — 
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This figure has been widely quoted as evidence of the hazards of this 

procedure. In the present series of 160 cases from our own clinic, 

the mortality is 6.2 per cent (table 1). This mortality has been 

strictly interpreted, 5 of the 10 patients being in desperate condition 

at the time of the injection of air. Three other patients died from four 

to nine days after the procedure, a further operation having been 

refused as the tumor was localized deep in the midbrain. Two patients 

succumbed from intraventricular hemorrhage, as the exploring cannula 

punctured the tumor in attempting to reach the ventricle. C« msequently, 

the original mortality figures presented seem to us to be evidence of 

Fig. 4 (case 4).—Tumor of the occipital lobe, blocking the inferior horn of the 

lateral ventricle. The patient was stuporous at time the ventriculogram was taken. 

Neurologic examination was impossible. Localization was made by the ventriculo- 

gram alon 

the serious situations in which it was used and of our inexperience with 

the method rather than a correct estimation of present conditions. In 

support of this opinion, it should be said that in the last 75 cases from 

this clinic, covering a period of twenty-four months, there has been 

no mortality attributable to ventriculography. 

It is in group VII (table 1) that the real value of ventriculography 

lies. These patients all had tumors, but there was no neurologic evidence 

as to the position of the growth. It has been suggested that tumors 

that can be localized by the injection of air must be large and deep- 

ve 
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seated and, therefore, presumably inoperable. However, 21 of the 48 

tumors were successfully extirpated with apparently permanent relief, 

These particular patients surely were rescued from a speedy death by 

ventriculography. If it had been necessary to postpone operation until 

definite focal symptoms developed, the tumor might have reached such 

a size that complete extirpation would have been impossible, or the 

constant intracranial pressure have so damaged the optic nerves that 

Fig. 5 (case 5).—A, anteroposterior ventriculogram in a case of tumor of the 

anterior part of the third ventricle. Note the marked bilateral internal hydro 

cephalus with complete absence of the third ventricle. #8, lateral view in the same 

Case Note the complete absence of the third ventricle, the aqueduct and the 

fourth ventricle. 

even after a successful operation vision would be much impaired or 

even lost. 

ENCEPHALOGRAPHY 

Kneephalography has a much wider field of application that ventricu- 

lography, owing to the fact that it is a simpler procedure and with 

A 
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reasonable precautions 1n technic and in the selection of patients shows 

a mortality of less than 0.3 per cent (table 3). In our series of 325 

cases there has been only 1 death. Nevertheless, it is the ease of per- 

formance that may readily constitute one of its major hazards. It is so 

simple to do that it can be easily abused, and the main contraindication 

to its use, increased intracranial pressure, can be overlooked. Just as 

certainly as encephalography is used promiscuously in the presence 

of high spinal pressure, the mortality will increase. It is by no means 

only in the presence of increased pressure that the danger from encepha- 

lography lies. Llderly, debilitated patients may not react well to the 

procedure. Guttmann and Kirschbaum '* have noted the frequency with 

which a fatal bronchopneumonia may follow the injection of air in 

such cases. Martin and Uhler'* and Mader '* have stated that infants 

Paste 3.—Summary of Three Hundred and Twenty-Five Cases of 

Eneephalography 

Epilepsy 

Posttraumatic epilepsy 
Posttraumatic headache i] 
Tumors of the brain 

\. Verified 3l 
B. Unverified 

Suspected 2 

Posttraumatic sequelae (exclusive of epilepsy and headache) 1 
Headache (not trauniatic) 16 
Mental deficiency 14 
Chronic encephalitis 13 
Multiple sclerosis 12 
Cerebral syphilis 
Cerebral arteriosclerosis 4 

Defects from trauma sustained at birth 
Acute cranial injury 

Total 297 

and young children may sutfer severely. My associates and | saw a 

haby (not under our care) with a mild case of early hydrocephalus 

succumb promptly to the shock of the procedure. So we cannot accept 

encephalography as an entirely harmless method of diagnosis, and believe 

it should not be employed without due consideration of the patient's 

general condition. 

The technic of encephalography has been so frequently described 

that it needs no further comment. It is our opinion that the simplest 

methods are the best. We have used the two needle technic advised 

by Bingel '* and the insufflation of oxygen or carbon dioxide as sug- 

gested by Denk,'® and have tried out thoroughly the apparatus described 

12. Guttmann, L., and Kirschbaum, W.: Ztschr. f. d. ges. Neurol. u. Psychiat. 

121:590), 1929 

13. Martin, C. L., and Uhler, C.: Am. J. Roentgenol. 9:543, 1922. 

14. Mader, A.: Med. Klin. 19: 1427, 1923 

15. Bingel, A.: Deutsche Ztschr. f. Nervenh. 72:358, 1921. 

16. Denk, W Ztschr. f. arztl. Fortbild. 20:426, 1923 
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Fig. 6 (case 5) Section of the brain, showing the position of the tumor in the 

third ventricle, with marked dilatation of the lateral ventricles and little or no 

change in size of the third ventricle, the aqueduct or the fourth ventrick 

Fig. 7 (case 6) 1, anteroposterior ventriculogram, localizing the tumor in the 

posterior fossa. The tumor was found and removed from the right cerebellar 

marked dilatation of the lateral and also the third ventricle 

Dilatation of the third ventricle 

hemisphere. Note the 

is evidence that the tumor lies in the posterior 

tossa. Compare with figure 5 A (case 5). B, lateral view of the same case, show- 

lateral and third ing the marked dilatation of the ventricles Phe 

seen just posterior to the 

upper end of 

e tourth ventricle can be shadow of the mastoid cell 

W 
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by Liberson.'* However, a single needle with a three-way stopcock, one 

opening for the attachment of a water manometer, one for the escape 

of the fluid and one for the insufflation of air, by means of a 10 ce. 

syringe, seems to produce excellent films with a minimum of effort. 

We never hesitate to aspirate the fluid with the syringe if it will not 

escape freely. Every etfort is made to remove all the fluid by rotating 

the head and elevating the pressure by obstruction of the jugular veins. 

Only an equal, or usually a smaller, amount of air is introduced as 

compared with the fluid removed. We agree with Guttmann '* that 

to obtain good films all the fluid must be withdrawn in every case. 

The removal of a standard amount of fluid may give unsatisfactory 

results because the ventricles and subarachnoid spaces differ so markedly 

in size from patient to patient. Hence, there is no possible way of 

foretelling in each case the exact amount of fluid that must be drained 

Fig. 8 (case 7).—Normal encephalograms A, anteroposterior view. The 

patient, a man, aged 28, had atypical facial neuralgia. The pressure of the spinal 

fluid was 500 mm. of Water in the sitting position; 125 cc. of fluid was removed, 

and 120 cc. of air was injected. Note the typical butterfly picture of the lateral 

ventricles, with the shadow of the third ventricle lying between them. There is 

an equally distributed normal amount of air in the subarachnoid channels over 

both cortices. 2B, lateral view. Note the mild dilatation of the subarachnoid air 

channels bilaterally with the normal basilar cisternae and the third and fourth 

ventricles. It should be noted further that the posterior and inferior horns of the 

lateral ventricles are not well filled 

to obtain an encephalogram that completely outlines the intracranial 

spaces. While the intracranial pressure should never be allowed to rise 

above that obtained at the initial puncture, no especial attempt 1s made 

to keep it at this level at all times. In earlier cases, an effort was made 

to minimize the reaction by careful avoidance of marked fluctuations in 

17. Liberson, F Am. J. Roentgenol. 15:231, 1926. 

18. Guttmann, | Psvchiat.-neurol. Wehnschr. 30:432 and 523, 1928 

| 
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intracranial presure, but the results did not justify the effort. Warten- 
berg ' stated that too rapid injection of air is the cause of the later 

discomforts, while Tromner 7° expressed the belief that the slow removal 

of fluid reduces subsequent distress. I do not believe that the preven- 
tion of variations in pressure, the speed with which the fluid is with- 
drawn or the air insufflated or the amount of the exchange between 

fluid and air has any bearing on the severity of the after-effects. 

Roughly, 8 out of 10 patients have considerable distress, no matter 

how careful the technic may be. The preoperative administration of 
from 5 to 10 Gm. of amytal by mouth has proved effective in making 
these patients more comfortable. Following its use, they have a little 

less discomfort during the procedure and considerably less afterward 

Fig. 9 (case 8) 1, atrophy of the subarachnoid spaces. There ts a moderate 

dilatation of the ventricles. The patient, a man, aged 25, had essential epilepsy 

The pressure of the spinal fluid was 520 mm. of water in the sitting position ; 140 c 

of fluid was removed, and 135 cc. of air was injected. Note the symmetrical 

dilatation of the lateral ventricles, with bulging in the upper inner edge of the 

butterfly figure. Compare with figure 8 ./, in which this line ts straight and sharp 

B, lateral view. Notice the dilated subarachnoid channels There are some 

dilatation and rounding of the outline of the lateral ventricle with failure to fill 

the inferior horn. The basilar cisternae are slightly dilated. The fourth ventricl 

is well shown. This patient had moderate epilepsy 

\t the time the encephalogram is taken, sweating, headache, nausea, 

vomiting and prostration, with at times a slow pulse, are noted. On 4 

occasions convulsions occurred. Herrmann and Herrnheiser have 

19. Wartenberg, R.: Ztschr. f. d. ges. Neurol. u. Psychiat. 94:585, 1925 

20. Tromner, Zentralbl. f. d. ges. Neurol. u. Psychiat. 31:423, 1923 

21. Herrmann, G., and Herrnheiser, G Ztschr. f. d. ges. Neurol. u. Psychiat 

96:730, 1925 
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reported this complication. Liebermeister 7° and Bruskin and Fraenkel * 

expressed the belief that the headache is more severe in cases with 

extensive arachnoid adhesions and is due to the breaking up of these 

adhesions by the air. We can throw no light on this theory, although 

it is my impression that we have noted headaches of marked severity in 

patients who showed apparently normal encephalograms. A rise in tem- 

perature of 1 or 2 degrees is common. Every case in which lumbar 

puncture was done after this procedure showed an increase in cells 

in the spinal fluid, running as high as 4,500 in 1 instance. The 

rapidity with which the air is absorbed seems to depend on the amount 

introduced. In practically normal patients, it will have disappeared in 

Fig. 10 (case 9).—A4, marked dilatation of the lateral ventricle and the sub- 

irachnoid space. The patient was a man, aged 36, with idiopathic epilepsy of the 

severe type. He had had three or four convulsions a month for the past twenty 

years. The initial pressure of the spinal fluid was 500 mm. of water; 160 cc. 

of fluid was withdrawn, and 155 cc. of air was injected. Anteroposterior view ; 

note the bulging dilatation of the lateral ventricle and the dilated third ventricle. 

There is atrophy of the cortex, with marked dilatation of the subarachnoid 

channels. Definite atrophy can be noted in the region of the insula on one side. 

B, lateral view. Note the dilated lateral ventricles, with poorly filled posterior 

and inferior horns. The third ventricle and the upper end of the aqueduct can 

be seen The fourth ventricle is hidden behind the mastoid cell. The basilar 

cisternae show moderate dilatation 

seventy-two hours, but if the spaces are markedly dilated it may be 

present much longer. Fluoroscopic studies made in 3 cases, as the fluid 

22. Liebermeister, G.: Ergebn. d. inn. Med. u. Kinderh. 25:901, 1925. 

23. Bruskin, J., and Fraenkel, S.: Fortschr. a. d. Geh. d. R6ntgenstrahlen 34: 
578. 1926 
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was removed and the air introduced, seemed to show that the basilar 

and subarachnoid channels filled before the ventricles. 

The injection of air is always made in the sitting position, and this 

position is maintained until after the films are made. This technic 

probably gives better definition of the subarachnoid spaces over the 

cortex, but certainly, in most instances, results in a failure of the air 

to fill the posterior and inferior horns of the lateral ventricles. If 

for any special reason it becomes necessary to fill the postero-inferior 

horns, the patient can be placed on his face and lateral views obtained 

as in ventriculography. The routine roentgen exposures are in the 

Fig. 11 (case 10).—Unilateral arachnitis with the ventricle on the side of the 

arachnitis enlarged, in a man, aged 24, with posttraumatic epilepsy of the jack- 

sonian type. The initial pressure of the spinal Muid, in the erect position, was 

550 mm. of water; 140 cc. of fluid was removed, and 135 ce. of air was injected. 

\ subsequent operative procedure demonstrated the subarachnoid channels well 

filled with fluid over the left cerebral cortex Note the I it lateral ventricle 

pulled out to the Ie tt and the lack ot air markings over the le it cortex 

anteroposterior and postero-anterior planes, with bilateral stereoscopic 

films. The Bucky diaphragm is always used. The tube is placed at 

a standard distance of 44 inches (111.76 cm.) from the films. Great 

care is taken in the frontal and occipital exposures to have the head 

exactly centered and not rotated, and to be certain that the frontal 

sinuses lie well below the plane of the third ventricle 

=, 
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Sixty-nine cases of suspected tumor of the brain or some other 
expanding lesion are included in the series (table 4 ). In 31 instances 

(26 cerebral tumors, 1 chronic subdural hemorrhage, 1 frontal gumma, 

1 extradural cerebellar abscess, 1 pontile tumor and 1 case of “arach- 

TaBLe 4.—WRKesults of Encephalography in Sixty-Nine Cases of Tumor of the 
Brain 

Tumors of the brain verified 

Tumors of the brain unverified 

Tumors of the brain suspected 
9. 

Total 
69 

Failure of air to reach ventricles making localization impossibk 9 

Percentage of failures 
19.5 

A 

Fig. 12 (case 11) 1, bilateral arachnitis, with moderate symmetrical dilata- 

tion of the ventricles. There is air in the cisterna vena magna cerebri and in 

the cisterna interpeduncularis The patient was a boy, aged 17, who had had 

moderate essential epilepsy for the past two years, with general convulsions. The 

pressure of the spinal fluid was 450 mm. of water; 125 cc. of fluid was with- 

drawn, and 125 cc. of air was injected. £2, lateral view Note particularly the 

absence of subarachnoid air markings with dilated lateral ventricles and a dilated 

third ventricle There is a large amount of air in the cisterna vena magna 

cerebri and the cisterna interpeduncularis. The basilar cisternae are also dilated. 

nitis’ over the basilar cistern), operation verified the encephalographic 

interpretations. .\lthough the presence of a tumor seemed unquestioned 

clinically, in 9 of the remaining 15 cases the amount of air introduced 

by lumbar puncture proved to be insufficient for diagnosis. In 5 of 

these 9 cases the tumor was subsequently localized by ventriculography. 
This is a higher percentage of failure (19.5) in localization of tumors 

than in ventriculography (10.6) 

| 
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Furthermore, the 1 fatality in our series of 325 cases occurred in 

a patient who had an internal hydrocephalus, with 2 diopters of choked 

disk, a spinal fluid pressure of 300 mm. of water, and encephalographic 

findings suggesting a tumor in the posterior fossa. Unfortunately, an 

autopsy was refused in this case. Furthermore, of the 69 cases, only 

23 (9% verified and 14 suspected) showed an increased pressure, in no 

instance over 300 mm. of water in the prone position, and none showed 

a choked disk of over 2 diopters. It may well be, therefore, that the 

low mortality reported is due to this conservative attitude in selecting 

the cases. A prompt inspection of the x-ray films is always made, 

and if a tumor is found immediate operative intervention is carried 

out. 

Fig. 13 (case 12) !, bilateral ventricular enlargement, more marked ot 

the right than on the lett There is a_ bilateral symmetrical dilatation ot 

the subarachnoid spaces. The patient was a man, aged 22, who had been kicked in 

the back of the head by a mule. He had a compound comminuted tracture, with a 

subsequent large cranial defect in both occipital regions. He had posttraumatic 

epilepsy, of the severe type lhe initial pressure of the spina] fluid was 600 mm 

of water; 180 cc. of fluid was withdrawn, and 170 cc. of air was injected. Note 

the dilatation of the lateral ventricles, which is more marked on the right than on 

the left, with symmetrical atrophy of the subarachnoid channels. #, lateral view 

Note the dilated lateral ventricles and subarachnoid. spaces, the cranial detect im 

the occipital region and, beneath it, an area of arachnitis probably due to local 

meningeal adhesions 

The chief objection to the use of encephalography in localizing 

tumors of the brain, aside from the higher percentage of inaccuracies 

resulting from this method and the necessity of limiting its use to cases 

that show little or no pressure, is the shocked condition in which this 

procedure leaves so many patients. .\n « xploration, if indicated bv the 

| ft 
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localization of a tumor, is out of the question for at least twenty-four 

hours in most cases. In over half of the 37 patients operated on (31 

verified, 6 unverified), the intervention had to be postponed for at 

least forty-eight hours. After our experience with ventriculography, 

the necessity for this delay after the injection of air caused much 

concern. In none of the cases was the initial pressure much above 

normal. It is probably due to that fact that in only 2 cases did the 

situation become so serious that an emergency operation was required. 

oth of these patients died, although in 1 case a small cortical menin- 
gioma, easy to extirpate, was encountered. 

Fig. 14 (case 13) 1, posttraumatic porencephalic cyst in a man, aged 32, who 

had been injured two years previously. He had had jacksonian epilepsy of the 

moderate type for the last year. Note the dilated lateral ventricle, with a large 

cyst lying above it. The initial pressure of the spinal fluid was 600 mm. of 

water; 160 cc. of fluid was withdrawn, and 155 ce. of air was injected. #, lateral 

view. Note the position of the cyst and the dilatation of the subarachnoid channels 

front and behind the cystic area About the cystic area there is arachnitis. 

The localization of tumors of the brain by encephalography is based 

on precisely the same findings as have been described with ventriculog- 

raphy. The common reason in cases of tumor for an inability to make 

a diagnosis from the films is lack of filling of the lateral ventricles. 

Spohn,** Reale and Koschewnikow and Fraenkel 7° confirmed this 

24. Spohn, W Psvchiat.-neurol. Wehnsehr, 27:504, 1925 

25. Reale, M Riforma med. 44:1047, 1928 

26. Koschewnikow, A., and Fraenkel, S.: Ztschr. f. d. ges. Neurol. u. Psychiat. 

103: 593, 1926 
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opinion. It should be noted that in only 3 of the 31 verified and 2 of 

the 15 unverified cases did the tumor lie in the posterior fossa. I do 

not believe that encephalography should be used 1f a subtentorial lesion 

is suspected. Although 5 of the verified tumors lay in the pituitary 
region, the technic advocated by Heidrich,?* whereby a lateral plate 

is taken with the head hanging down, has not been used. Furthermore. 

the single case of posttraumatic pachymeningitis hemorrhagica interna 

in this series showed an arachnitis over the cortex covered by the clot, 

with impingement on the underlying ventricle and not the “sickle- 

shaped” air bubbles over the cortex described by Reichmann. 

The only information of diagnostic value obtainable by using 

encephalography rather than ventriculography in tumors of the brain 

is the fact that by the former technic the cortical arachnoid channels 

Fig. 15. (case 14) {, anteroposterior view of an enormous congenital hydr 

cephalus, in a colored child, aged 12 years. The patient was ambulant, with no 

neurologic symptoms except a very large head and a mental development of a child 

of 6; 950 cc. of fluid was removed, and 950) cc. of air was injected. Curiously 

enough, there was no reaction following the taking of the encephalogram. Note the 

enormous, dilated lateral ventricles without air markings and the entire absence 

of the third ventricle. #&, lateral view showing the enormous internal hydro- 

cephalus and the dilated lateral ventricles 

are outlined. This fact may be of some value, for we found that in 

6 of 9 cases of noninfiltrating tumor, 8 meningiomas and 1 choles- 

teatoma, these channels on the side of the tumor were either partially 

or completely filled with air, while in all the 11 cases of gliomatous tumor 

the spaces were obliterated. This difference may be of importance 

from a prognostic point of view, although in any event operation should 

he pert Irmed 

27. Heidrich, I Beitr. z. klin. Chir. 142:837, 1928 

28. Reichmann: Deutsche Ztschr. f. Nervenh. 81:304, 1924 
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The chief value of encephalography to a neurosurgeon lies in its 

negative results. It is an excellent method by which the necessity for 

surgical intervention can be eliminated. Once the lesions. such as a 

tumor, an abscess, a clot, an internal hydrocephalus, a porencephalic 

cyst or a lateral ventricle dilated and pulled outward to the cortex, 

indicating a posttraumatic scar, that may require surgical intervention are 

ruled out, however, encephalography ceases to be of value in differential 

diagnosis, for there is no encephalographic picture typical of any one 

organic disease of the brain. 

For example, the discovery of generalized cortical atrophy, as shown 

by enlarged subarachnoid spaces distributed equally over both cerebral 

hemispheres, with moderate dilatation of the lateral, third and fourth 

Fig. 16 (case 15).—A, encephalogram, anterolateral view, in a case of 

meningioma of the right hemisphere in a man, aged 32. He had weakness of 

the left extremities, mild jacksonian epilepsy and no evidence of pressure in the 

eyegrounds. The initial pressure of the spinal fluid was 500 mm. of water in the 

erect position; 130 cc. of fluid was removed, and 125 cc. of air was injected. Note 

the depression of the right lateral ventricle and the slight shift of the ventricular 

system to the left. 2B, lateral view. Note the depression of the edge of the right 

lateral ventricle, with dilated arachnoid markings. We have noted dilated 

arachnoid markings over infiltrating tumors of the meningioma type, while 

infiltrating gliomatous tumors seem to obliterate the overlying cortical markings. 

In this instance the differential diagnosis was made between tumor and essential 

epilepsy by the ventriculogram. The tumor was exposed and removed 

ventricles and basal cisternae, is frequent enough, and one might suspect 

it to be characteristic of a single organic disease of the brain represented 

clinically by a definite, well recognized symptom complex. On the 

contrary, these encephalographic observations have been noted in epi- 

lepsy, in posttraumatic headache, in early dementia paralytica, in multiple 

| 
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sclerosis, in parkinsonism and in patients who showed no demonstrable 

neurologic signs of any kind. In fact, although the encephalographic 

picture may be very clear and easy to describe, we agree with Fischer * 

that its final interpretation depends on the accompanying clinical 

observations; even with the clinical observations one may easily be 

drawn into error. 

In discussing the question of “arachnitis,” it was stated that in 

several cases of jacksonian epilepsy an encephalogram showed complete 

failure of filling of the subarachnoid air spaces Over that cortex which 

the distribution of the epileptic seizures indicated to be the point of 

irritation. Widespread cortical adhesions were suspected, but surgical 

intervention revealed nothing except overfilled edematous subarachnoid 

spaces, from which the fluid had not been drained in spite of every 

effort to accomplish its removal. In 3 of these cases, the opposite or 

air-filled cortex was also later exposed, and certainly to the naked eye, 

at least, no difference existed in the appearance of the two sides. 

Presumably, on the undrained side a block of some kind must exist at 

the base, possibly where the main subarachnoid channels supplying the 

cortex leave the basilar cisterns. This obstruction cannot be complete, 

for, if so, one would expect little or no fluid in the cortical spaces; but 

it must be just sufficiently impermeable to prevent removal of fluid and 

entrance of air. Does this trapping of the fluid in the subarachnoid 

spaces have any bearing on the production of epilepsy? Curiously 

enough, in 3 cases of “arachnitis” over that cortex from which the fits 

originated, the protein content of the fluid taken from this area was 

5 or 6 times higher than in the spinal fluid obtained by puncture. The 

high protein content of the fluid might conceivably be an irritant 

initiating the fits. Most cases of jacksonian epilepsy, however, do not 

show undrained cortical channels. Furthermore, the protein content in 

the spinal fluid in essential epilepsy is not increased, as might be 

expected if the convulsions were due to a chemical irritation 

In an attempt to correlate the clinical symptoms and encephalographic 

details and to determine how much bearing an abnormal amount of 

subarachnoid fluid has on the production of epilepsy and headache, we 

have analyzed the findings in 3 groups of cases: epilepsy, posttraumatic 

epilepsy and posttraumatic headache In the epilepsy group are 

included all cases showing epilepsy of any type, with no history of trauma 

at birth or later, without clinical or serologic evidence of syphilis and 

with tumors of the brain eliminated by the injection of air. The 

traumatic epilepsy group is made up of nonsyphilitic patients in whom 

the fits definitely appeared as a result of trauma. In the posttraumatic 

29. Fischer, M Arch. f. Psychiat. 79:96, 1926 
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headache series, the headache appeared subsequent to cranial injury and 

was attributed thereto by the patient. 

In classifying these groups from the encephalographic standpoint, 

it has been attempted to decide whether or not the findings were normal 

(not an easy thing to do in view of our slight knowledge of precisely 

what constitutes a normal encephalogram) or whether the films showed 

moderate or marked atrophy or moderate or marked arachnitis 

symmetrically or asymmetrically in the subarachnoid channels, with or 

without enlargement or distortion of the lateral ventricles. This is 

admittedly a rough classification, but any attempt to go into greater 

details presents many difficulties, for individual variations are numerous. 

Of the 72 cases of epilepsy, 16 gave what we considered to be normal 

encephalographic pictures; 40 showed various degrees of atrophy, and 

Paste 5.—Enecphalographic Findings in Seventy-Two Cases of Epilepsy 

Normal encephalograms 4 

Il. Atrophy principal finding 10) { 
\. Symmetrical 

Ventricles dilated, subarachnoid channels normal 
Ventricles normal, subarachnoid channels dilated 21 
Ventricles dilated, subarachnoid channels dilated 1? 

B. Asymmetric 
Ventricles normal, subarachnoid channels on one side dilated 
One ventricle dilated, subarachnoid channels normal 

Arachnitis prine:pal finding 16 
\. Symmetrical 10 

Ventricles dilated, in subarachnoid space bilateral arachnitis 10 
B. Asymmetric 6 

1. Ventricles normal, in subarachnoid space unilateral arach 
tis 

One ventricle dilated on the side ot arachnitis in the sub 
arachnoid space l 

IV. Ventricular asymmetry { 

16 arachnitis. Of the 40 cases, 35 showed moderate symmetrical 

dilatation of all the spaces; 5 a dilatation that was asymmetric, one 

ventricle being larger than the other. Of these 35 y 2 the 

ventricles alone were enlarged, the subarachnoid channels being normal ; 

cases, 

in 21 the ventricles were normal, but the subarachnoid channels were 

moderately dilated, while in 12 both ventricles and subarachnoid spaces 

were Increased in size. Sixteen showed arachnitis, in 10 symmetrically 

over both cortices with moderate enlargement of the ventricles; 

6 the 

in 

arachnitis was much more marked on one side than on the other. 

Of the last 6, only in 1 was the ventricle pulled out toward the arach- 

nitis, the wandering. ventricle of Foerster and Schwab *! (table 5) 

In the 51 cases in the posttraumatic epilepsy group, 5 showed normal 

encephalograms, 28 varying degrees of atrophy, and 18 arachnitis. 

Sixteen of the 28 exhibited different amounts of symmetrical atrophy. 

30. Foerster, O.: Ztschr. f. d. ges. Neurol. u. Psychiat. 94:512, 1925. 

31. Schwab, Otto: Zentralbl. f. d. ges. Neurol. u. Psychiat. 41:708, 1925. 
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Among these 16 the subarachnoid spaces were normal in 4, but the 

ventricles symmetrically were slightly dilated; in 8 the ventricles were 

normal, but the subarachnoid channels over both cortices were slightly 

enlarged, and in 4+ both ventricles and cortical spaces were definitely 

widened. Twelve of the 28 cases presented asymmetric atrophy, one 

ventricle being larger than the other in 7, although the cortical atrophy 

was equal on the two sides. Two of these 7 were cases of porencephalic 

cysts, while in 5 patients one ventricle and the corresponding cortical 

spaces were enlarged as compared to the dilatation existing on the 

opposite side. Among the 18 cases of arachnitis, both cerebral cortices 

were uniformly affected in 7 cases with slight equal ventricular 

dilatation. In 5, all cortical channels were undrained and one lateral 

ventricle was larger than the other. In 6, the subarachnoid space on 

TABLE ¢ / ha ] lings QO Cases 

/ 

I. Normal encephalograms 

Il. Atrophy principal finding Ss 54.9 
\. Symmetrical 

1. Ventricles dilated, subarachnoid channels norma 
Ventricles normal, subarachnoid channels dilated 
Ventricles dilated, subarachnoid channels dilate j 

B. Asymmetric 
1. One ventricle dilated on the side of dilatation in the subarae 

noid space 

One ventricle dilated, subarachnoid space dilates 

Arachnitis principal finding 
A. Symmetrical 

1. Ventricles dilated, in subarachnoid space bilateral arachnitis 

Asymmetric 
1. Ventricles normal, subarachnoid space I iteral arachnitis 

In subarachnoid spa bilateral ara tis, one ventricle dilated 

I\ \ tricular asy ry 

one side only failed to fill, and the lateral ventricle on this side was 

larger. These last 2 pictures represent the true “wandering” ventricle, 

emphasized as a characteristic posttraumatic observation. This feature 

has been noted in our series, at least with sufficient frequency to be 

considered characteristic of this condition; but, as our statistics show, 

it may also occur in epileptic patients who give no history of trauma. 

In the 23 cases of posttraumatic epilepsy in which one ventricle was 

shown by the encephalogram to be larger than the other, a history of 

injury, particularly to one side of the head, was obtained in 18. In 16 

of these cases the side of the trauma and the enlargement of the ventricle 

corresponded. In 2 patients the distended ventricle was on the opposite 

side of the head to that on which the injury was received. However, 

the possibility of damage to the brain by contrecoup probably accounts 

for this contralateral distortion (table 6). 

\mong the 41 patients suffering from posttraumatic headache, the 

encephalograms were considered normal in 6. In 32 cases atrophy was 
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present, and in only 3 an arachnitis. Of the 32 cases of atrophy, in 21 

the cortical air markings were uniformly slightly enlarged on both 

sides, while the ventricles were normal. In 5 cases both ventricles and 

cortical subarachnoid spaces were symmetrically enlarged, and in 6 

one ventricle was larger than the other, although the subarachnoid spaces 

were widened on both sides. The 3 cases of arachnitis showed 

symmetrical cortical involvement, with slight equal ventricular dilatation 

(table 7). 

Comparing the two types of epilepsy, these figures show that in the 

patients in whom trauma was not a factor in the causation of the fits, 

the encephalograms were normal in 22.2 per cent, atrophy to a greater 

or lesser degree was present in 55.6 per cent, and arachnitis to some 

extent was noted in 22.2 per cent. Ventricular asymmetry was recorded 

in + cases, or 5.5 per cent. The corresponding figures in the post- 

Taste 7.—Encephalographic Findings in Forty-One Cases of Posttraumatic 

Headache 

I. Normal encephalograms 6 14.6% 

Il. Atrophy principal finding 32 678.0% 
\. Symmetrical 

1. Subarachnoid spaces dilated, ventricles normal 21 
Subarachnoid spaces and yentricles dilated. 

B. Asymmetric 
1. One ventricle dilated, subarachnoid spaces dilated 6 

ll. Arachnitis principal finding 3 TA% 
\. Symmetrical 

1. In subarachnoid spaces bilateral arachnitis, ventricles slightly 
enlarged 

IV. Ventricular asymmetry 14.6% 

traumatic group are: normal, 9.8 per cent; atrophy, 54.9 per cent; 

arachnitis, 35.3 per cent, and ventricular asymmetry, 23 cases, or 45 

per cent. The epilepsy following trauma, then, seems to present a 

definite abnormality in the encephalographic shadows in 95 per cent 

of cases, while epilepsy in which trauma is not a factor gives almost 

25 per cent of normal films. .\nother striking difference between these 

groups lies in the fact that following trauma 45 per cent of the cases 

show. ventricular asymmetry, almost 9 times as high a percentage as 

in the other class. If the 3 nontraumatic epileptic subgroups are con- 

sidered—the cases presenting apparently normal encephalographic 

findings plus those in which the subarachnoid spaces showed bilateral 

atrophy with normal or only slightly enlarged ventricles—it will be 

found that 70 per cent of our cases show one or the other of these 

air pictures. This seems to show some connection between excess fluid 

in the subarachnoid spaces and epilepsy, although it is impossible to 

determine precisely whether the fluid is the cause of the epilepsy or 

the epilepsy of the fluid. 

—= 
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In order to try to arrive at a conclusion on this important point, 

these epileptic and posttraumatic epileptic groups were analyzed from 

the pomt of view of attempting to correlate the encephalographic 

evidences with the severity of the epileptic attacks. Epileptic fits vary 

so greatly from one patient to another, or even in the same patient, 

that any classification must be artificial. As we thought that possibly 

the increased intracranial pressure produced by a major epileptic seizure 

might force fluid into the subarachnoid channels and ventricles and by 

constant repetition produce distention and atrophy, these cases were 

again divided arbitrarily into 3 groups depending entirely on the fre- 

quency with which the major fits occurred. Since petit mal seizures 

apparently do not raise the intracranial tension, they were disregarded 

TABLE 8.—Statistics on Convulsions in Epilept md P 

i. Normal encephalograms 

Mild 
Moderats 
Severe 

Il. Subarachnoid channels dilated, ventricles norma 
Iti Mild 
4 Moderate 

Severe 

Ill. Subarachnoid channels dilated, ventricles dilated 

Mild 

Severe 

IV. In subarachi 
Mild 
Moderat: 

7 Severe 

Moderates 

Severe 

as a basis for classification. The cases with less than 10 major convul- 

sions prior to encephalography are grouped as mild; with from 10 to 

20 as moderate, and with over 20 as severe. In the 21 cases with normal 

encephalograms, 7 showed severe convulsions, 9 moderate and 5 mild 

In the 28 cases with dilated arachnoid channels but normal ventricles, 

8S showed severe convulsions, + moderate and 16 mild Of the 17 

patients with bilateral cortical atrophy plus ventricular enlargement, 8 

suffered from severe, + from moderate and 5 from mild epilepsy. Se 

it is apparent that there is no definite relationship between the degree 

of arachnoid and ventricular distention and the severity of the con- 

vulsions. There are only two varieties of encephalographic picture that 

seem to be constantly noted in severe epilepsy: (1) bilateral arachnitis 

with normal ventricles, in which 7 of 11 cases showed severe fits, and 

(2) bilateral atrophy, more marked on one side than on the other, with 

unequal dilatation of the lateral ventricles ; 5 of 8 cases each showed over 

20 grand mal attacks (table 8). 

= 
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It may be argued that these apparently inconsistent results are due 

to faulty technic resulting in incomplete drainage and consequently 

misleading encephalograms. But in reviewing the notes on these cases, 

made at the time when the procedure was carried out, in all instances 

it is stated that every effort was made to remove the fluid completely 

by rotation of the head, coughing, straining, jugular compression and 

aspiration by a syringe. So we are convinced that as far as the encepha- 

lograms are concerned they illustrate as well as this method permits the 

degree of dilatation of the arachnoid spaces and the ventricular system. 

Furthermore, since these encephalograms were all made according to 

the same technic and the films taken according to a definite standard 

method, it is not unfair to compare them one with another. 

\s a result of this review of our series of encephalograms, we 

frankly are not impressed with the value of this procedure from a 

diagnostic or prognostic standpoint, except when an expanding mass 

lesion, as a tumor, abscess or hemorrhage, is present. To be sure, from 

the films a posttraumatic cortical scar pulling over one lateral ventricle 

and possibly producing enough irritation to cause epilepsy may be dis- 

tinguished, but we agree with Fischer 7° and Lennox and Cobb ** that 

but little regarding the etiology of genuine epilepsy 1s shown. We have 

seen nothing in the cortical air markings to confirm Schuster’s ** sugges- 

tion that by this means the presence of an epileptic center can be identified. 

\s our records demonstrate, genuine epilepsy can be accompanied by 

a great variety of changes in the ventricles and subarachnoid spaces. 

With regard to the findings in posttraumatic epilepsy, we can only 

confirm Reichardt’s “* and Wartenberg’s *° opinion that it 1s impossible 

to be certain that some of the changes seen on the films and attributed 

to the injury were not present prior thereto. The often cited case 

of Koschewnikow,*® who, in order to obtain a “normal” encephalogram, 

had an injection of air made on himself, only to find that the subarach- 

noid spaces over the cortex failed to fill, bear out this idea. If he had 

had a head injury, this area of “arachnitis’” could easily have been 

attributed to it. 

Our series shows a much higher percentage of normal findings in 

epilepsy than other observers have reported. Tyezka,** in 43 patients 

with jacksonian epilepsy, described only 3 as normal. Weber ** was 

32. Lennox, W. G., and Cobb, Stanley Epilepsy, Baltimore, Williams & 

Wilkins Company, 1928 

33. Schuster, Julius: Arch. f. Psychiat. 79:276, 1926 

34. Reichardt, M Deutsche med. Wehnschr. 54:302, 1928. 

35. Wartenberg, R.: Arch. f. Psychiat. 77:507, 1926 

36. Koschewnikow, A.: Ztschr. f. d. ges. Neurol. u. Psychiat. 104:374, 1926. 

37. Tycezka, W Neurol. polska 8:279, 1925 

38. Weber. G Fortschr. a. d. geb. d. Réntgenstrahlen 40:437, 1929. i, $C 
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of the opinion that many of the subarachnoid accumulations of air are 

accidental, and supported this contention by autopsy results. We believe 

with Quensel,** Hauptmann *° and Barth that Schwab's ** and Heid- 

rich’s ** claim that by the use of encephalography cases of traumatic 

neurosis may be distinguished from true injuries of the brain is not 

altogether substantiated. The encephalographic changes unfortunately 

do not seem to run parallel to the severity of the injury, apparently 
minor blows at times resulting in marked irregularities in air shadows, 

and vice versa. Again one wonders in these slight injuries with aston- 

ishing encephalographic changes just what the condition of the fluid 

spaces was before the injury occurred. 

The posttraumatic headache group gave more uniform results 

(table 7). A mild degree of atrophy in both the subarachnoid channels 

and the ventricles appeared so frequently that it might be surmised with 

TABLE 9.—Therapeutic Results in Seventy-Two Cases of Epilepsy 

Followed for 24 months or more 4 

Completely relieved 
(4 taking phenobarbital) 
Improved .. 6 50°F 
Unimproved . 12 0.0% 

Followed for from 12 to 24 months 1 
improved 4 15.3% 

Unimproved 11 84.7% 

Followed for less than 12 months 4 
Completely relieved . 5 12.5% 
(2 taking phenobarbital) 
Improved .. 6 
Unimproved > 62.5 

Lost 1] 

Total 72 

some assurance that overdistention of the fluid spaces was the cause of 

the headache. This is contrary to the opinion of Penfield ** that 

adhesions cause the pain. We found no definite evidence that adhesions 

either local or general were commonly present. 

Many claims have been made for the therapeutic value of encepha- 

lography. We have reviewed the follow-up reports in the 72 cases of 

epilepsy, 51 of posttraumatic epilepsy and 41 of posttraumatic head- 

ache. Tables 9, 10 and 11 show the results in each of these groups. We 

were rather surprised to note the number of cases of epilepsy and 

posttraumatic headache in which the patients were relieved of symptoms. 

However, it must be noted that of the 21 cases in both groups of 

39. Quensel, F.: Monatschr. f. Unfallh. 35:128, 1928 

40. Hauptmann: Zentralbl. f. d. ges. Neurol. u. Psychiat. 48:846, 1927 

41. Barth, A.: Verdffentl. a. d. Geb. d. Med.-Verwalt. 30:1, 1929. 

42. Schwab, Otto: Deutsche Ztschr. f. Nervenh. 89:44, 1926. 

43. Heidrich, L.: Arch. f. klin. Chir. 142:772, 1926. 

44. Penfield, W.: Surg., Gynec. & Obst. 45:747, 1927 
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epileptic patients who were free from fits following encephalography, 

at least up to the time of our check-up, 12 were taking phenobarbital. 

As only 3 of these 12 had had phenobarbital before, in the remaining 

9 this drug may have had as much to do with the improvement as the 

injection of air. While we do not recommend encephalography in the 

treatment for epilepsy, the figures seem to show that in a small per- 

centage of cases the results may be unexpectedly favorable. The litera- 

Taste 10.—Therapeutic Results in Fifty-One Cases of Posttraumatic Epilepsy 

Followed for 24 months or more 

Completely relieved 24.0% 
Improved 38.0% 
Unimproved 5 38.0% 

Followed for from 12 to 24 months 15 

Completely relieved 
(3 taking phenobarbital 

In proved 4 °0 0 

Unimproved 7 47.7 

Followed for less than 12 months 1] 

Completely relieved i t 
taking phenobarbital 

Improved 2 18.1% 
lr mproved ) $5.6 

Lo 

Tota 

TABLE 11.—Therapeutic Results in Forty-One Cases of Posttraumatic Headache 

Followed for 24 months or more 
Completely relieved 
Improved 

Unimproved 2 

Followed for from 12 to 24 months. 
Completely relieved 
Improved 
Unimproved 9 

Followed for less than 12 months 
Completely relieved 

Improved 
Unimproved 

Lost 

Tota 

ture on encephalography suggests that although encouraging results in 

epileptic subjects have at times been obtained (Brehme,*® Weigeldt,*® 

Bingel.“*7 Schuster,*® Friedemann,®® Kissoezy and Wold- 

45. Brehme, T \bhandl. a. d. Kinderh. u. Grenzgeb. 11:1, 1926; Enceph- 

alography in Children, Berlin, S. Karger, 1926, pp. 6 and 11, 

46. Weigeldt, W.: Munchen. med. Wehnschr. 69:1764, 1922. 

47. Bingel, A.: Ztschr. f. d. ges. Neurol. u. Psychiat. 114:323, 1928 

48. Gravenhoff, W.: Med. Welt 1:249 and 288, 1928. 

49. Schuster, Julius: Arch. f. Psychiat. 78:214, 1926. 

50. Friedemann, A.: Deutsche Ztschr. f. Nervenh. 106:82, 1928 
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rich,*' Tschugunow, Budinoff and Rosanotf,°* Tyezka,** Frisch 

and Koschewnikow and Fraenkel ®*) relief is not lasting. If cessation of 

convulsions for two or three weeks is considered a therapeutic triumph, 

as ** claimed, then encephalography is effective. But experience 

with epileptic patients soon convinces the observer that any new treat- 

ment may break up the epileptic cvcle for a time at least, and in the 

majority of cases this seems all that can be expected from an encephalo- 

gram. However, it is some satisfaction to the physician to know that 

after one has put an epileptic patient through the discomforts of an 

injection of air, showed him the plates and told him that he has a 

diffuse lesion that cannot be benefited by surgical intervention, the poor 

fellow has some slight chance in favor of his improvement. Further- 

more, when, based on encephalographic studies, treatment with pheno- 

barbital, dehydration or a ketogenic diet is instituted, it must always 

be remembered that any cessation in convulsions that occurs may be 

due to encephalography as well as to other types of therapy. 

The results of encephalography in the treatment for posttraumatic 

headache were much more satisfactory than those for epilepsy. How- 

ever, based on the reports of Penfield.4* Foerster.“’ Warten- 

berg,®® Carpenter and Boyd,” the high percentage of complete relief 

or improvement obtained was not unexpected. Penfield, who first 

pointed out the definite beneficial effect of the injection of air in this 

condition, stated that headache and dizziness are the chief symptoms. 

The headache is usually localized near the site of the blow, is commonly 

dull and hammering and often is made worse on movement or straining. 

The pain is frequently worse in the morning on first arising. .Among 

the 14 cases in this series in which the patients were completely relieved, 

the symptoms closely paralleled those he described in 9. In the other 

5 cases, the headaches were general, not localized and almost constantly 

present. We were only able to confirm Venfield’s observation of 

localized Cc\ stic collections over the cortex in 5 cases, in 2 of which the 

patients were improved. But we feel that encephalography is of definite 

therapeutic value in this distressing posttraumatic condition and should 

51. Kissoezy, S., and Woldrich, A.: Med. Klin. 23:1608, 1927 

52. Tschugunoff, S.: Budinoff, D., and Rosanoff, M Fortschr. a. d. ( 

Rontgenstrahlen 33:601, 1925 

53. Tyezka, W.: Zentralbl. f. d. ges. Neurol. u. Psvchiat. 44:489, 1926-1927: 

footnote 37 

54. Frisch, Felix: Wien. klin. Wehnschr. 43:615, 1930. 

55. Koschewnikow, A., and Fraenkel, S.: Fortschr. a. d. Geb. d. Rontgen 

strahlen 36:1180, 1927 

56. Emdin, P.: Abstr., Zentralbl. f. d. ges. Radiol. 6:701, 1928-1929; Zentralbl 

f. d. ges. Neurol. u. Psychiat. 52:347, 1929 

57. Carpenter, .: Southwestern Med. 10:61, 1926 

58. Boyd, D.: Post-Traumatic Headache Treated by Spinal Insufflation of 

\ir, Arch. Surg. 18:1626 (April) 1929. 
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be employed more frequently. Certainly, the injection of air can do 

little harm, for none of our patients were made worse by its use. 

The other groups of cases in this series are too small in number 

for any definite conclusion to be reached through their review. No 

certain therapeutic result can be claimed in the treatment of encepha- 

litis, cerebrospinal syphilis or multiple sclerosis. We have had no 

experience with encephalography in meningitis, although Bingel,*° 

Liebermeister,®’ Holtz,"’ Siegl and Sollgruber,®* Heymann ** and Ham- 

reported some success. Guttmann and Kirschbaum '* and burger 

Ebaugh °° stated that in tabes and progressive paralysis a prognosis and 

an evaluation of the results of malarial treatment can be reached from 

the encephalographic films. 

Based on the experience gained from a limited number of children 

with spastic paraplegia and retarded mentality, due apparently to 

trauma sustained at birth, we agree with Guttmann “ and Crothers, 

Vogt and Eley ® that by an encephalogram a reasonably accurate 

prognosis may be obtained as to what the future of the child may be, 

whether intensive efforts in training are justified and whether surgical 

intervention is indicated. 

CONCLUSIONS 

\s a result of this review several conclusions have been reached. 

Unquestionably, the injection of air is of much value both in diagnosis 

and in prognosis in intracranial disease; in certain conditions the 

therapeutic results justify its use. We are convinced that in patients with 

increased intracranial pressure suspected of having a tumor of the brain 

the air should be introduced by direct bilateral ventricular tap and not 

by lumbar puncture. Ventriculography gives more accurate information 

as to the position of a mass lesion with less distress and greater safety 

to the patient than does encephalography. But in patients without 

increased tension, for a differential diagnosis between atrophy, sclerosis 

and tumor, « r between traumatic neurosis and true posttraumatic 

encephalopathy, for prognosis in epilepsy, birth trauma or degenerative 

disease, or for therapy in posttraumatic headache, an outline of the 

lateral ventricles and subarachnoid channels should always be obtained 

by encephalography. 

59. Bingel, quoted by Schoenborn, S.: Deutsche med. Wehnschr. 48: 1432, 1922. 

60. Liebermeister, G.: Klin. Wehnschr. 4:73, 1925 

61. Holtz, K.: Minchen. med. Wehnschr. 75:1274, 1928. 

62. Siegl, J., and Sollgruber, K.: Arch. f. Kinderh. 79:1, 1926 

63. Heymann, P.: Deutsche med. Wehnschr. 51:1025, 1925. 

64. Hamburger, | Wien. klin. Wehnschr. 39:497, 1926. 

65. Ebaugh, F. G.; Dixon, H. H.; Kiene, H. E., and Allen, K. D. A.: Am. J. 

Psychiat. 10:737, 1931. 

66. Guttmann, L Fortschr. a. d. Geb. d. Roéntgenstrahlen 40:965, 1929. 

67. Crothers, Bronson; Vogt, E. C., and Eley, R. C Encephalography in 

Cases with Fixed Lesions of the Brain, Am. J. Dis. Child. 40:227 ( Aug.) 1930. 



HISTOLOGIC STUDIES OF THE BRAIN IN’ CASES 

OF FATAL INJURY TO THE HEAD 

IV. REACTION CLASSI( NEUROGLIA 
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The cerebral states following acute injuries to the brain, par- 

ticularly those included under the elusive term of concussion, have 

long been the subject of considerable conjecture. A satisfactory physio- 

logic and pathologic explanation for the acute or chronic clinical 

symptoms manifested has not been clearly established. For example, 

the individual nervous and mental phenomena that so frequently appear 

as an aftermath to brain injury have been attributed by some to gen- 

eralized gliosis or to other diffuse tissue change. To the contrary, 

there are others who believe that such manifestations are to be explained 

largely on a functional basis. Is the solution of the problem to be 

sought in histologic studies? Can sufficient alterations be found in the 

various cellular elements to account for immediate as well as remote 

symptoms?’ What alterations take place in these cells, and what 1s 

their significance? In what measure can the reaction of the classic 

neuroglia be taken as an index of disordered nerve function? These 

and many other questions arise and demand an answer. As far as we 

are able to determine, a thorough study of the finer changes in the 

constituent elements of the nervous system has not been made in cases 

of injury of the human brain. In this contribution, the fourth of a 

series of studies,’ we are concerned with the reaction of the classic 

neuroglia. 

REVIEW OF THE LITERATURI 

It is not our purpose to discuss in detail the history of the support- 

ing elements of the central nervous system, as this has been so ably 

accomplished by others. Since Virchow ? established the identity of 

Submitted for publication, Aug. 15, 1931. 

From the Neurological Service and the Neuropathological Laboratory of the 

Los Angeles County General Hospital. 
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cells which constitute the supporting framework of the functional ele- 

ments, certain definite lines of investigation have been followed. Their 

histologic character was shown by Golgi,® who first demonstrated cel- 

lular detail with his silver impregnations, by Weigert,! whose staining 

method demonstrated glia fibrillae, and finally by Cajal,® whose gold 

sublimate method established their absolute identity. The question of 

a syncytium, first illustrated but not described by Frommann,® elabor- 

ated more fully by Held * and Hardesty,* and finally discounted as an 

artefact of staining by Achucarro,’ is now of litthe moment. From the 

standpoint of classification, the “mossy” and “spider” cells of Golgi 

were soon described as protoplasmic and fiber cells by Kolliker ?° and 

Andriezen In addition to the classic neuroglia, it was soon recog- 

nized that some of the interstitial elements could: not be demonstrated 

by.any of the existing methods. These have since been recognized as 

mesodermal (microglia) as well as ectodermal (oligodendroglia) in 

origin. ‘To these basic studies have been added innumerable other con- 

tributions on staining methods, on minute details of their structure, 

and particularly on their alteration in various pathologic lesions of the 

central nervous system. Of the latter we have chosen to review only 

those dealing with the changes in the classic neuroglia following trau- 

matic lesions. 

LITERATURE ON NEUROGLIAL CHANGE FOLLOWING 

EXPERIMENTAL INJURY 

In reviewing the literature dealing with neuroglial changes conse- 

quent to injury, the following aspects of experimental injury have been 

3. Golgi, C Sulla fina anatomia della sistemo nervoso, Milan, U. Hoepli, 
1886 

4. Weigert, C Beitrage zur Kenntnis der normalen menschlichen Neuroglia, 

Frankturt, August Weisbrod, 1895. 

5. Ramon y Cajal, S. Sobre un nuevo proceder de impregnacion de la 

neurogla y sus resultados en los centros nerviosos del hombre y animales, Trab. 

d. lab. de invest. biol. Univ. de Madrid 11:219, 1913. 

6. Frommann, C. Untersuchungen tber die normale und _ pathologische 

Histologie des centralen Nervensystems, Vienna, Friedrich Frommann, 1876. 

7. Held, H Ueber den Bau der Neuroglia und tber die Wand der Lymph- 

getasse in Haut und Schleimhaut, Abhandl. d. math.-phys. Kl. d. k. sachs. Gesellsch. 

d. Wissensch. 28:199, 1904 

8. Hardesty, Irving On the Development and Nature of the Neuroglia, 

Am. J. Anat. 3:229, 1904 

9. Achucarro, N Notas sobre la estructura y functiones de la neuroglia 

en particular de la neuroglia de la corteza cerebral humana, Trab. d. lab. de invest. 

de biol. Univ. de Madrid 11:186, 1913 

10. Kolliker, A. v Handbuch der Gewebelehre des Menschen, ed. 2, |] eipzig, 

W. Engelmann, 1893 

11. Andriezen, W The Neuroglia Elements in the Human Brain, Brit. M. J. 
9.99" 1 2 , 1893 
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considered: (1) simple puncture wounds, with or without removal of 

central core, (2) simple linear incisions, (3) extensive brain wounds. 

(4+) embedded foreign bodies and (5) traumatic brain hemorrhage. 

Simple Puncture Wounds—Coen and Tschistowitsch '* were 

dently the first to study experimental puncture wounds of the brain. 

The latter studied wounds made in the brain of pigeons and dogs with 

platinum needles, and the cellular reaction which followed from three 

to one hundred days after injury was noted. He concluded that the 

connective tissue elements from the pia mater and blood vessels played 

the chief role in the resulting scar. The neuroglia, in his opinion, had 

to do only with the formation of a narrow zone of sclerosis and the 

consequent shrinkage of the scar. 

Very little experimental work was done after the investigations 

of Tschistowitsch until Penfield ** and Penfield and Buckley '° studied 

neuroglial changes following both blunt needle and trocar punctures. 

Where the damaged brain tissue was left in situ, there was a hyper- 

trophy of the regional astrocytes, and the protoplasmic forms were 

transformed into the fibrous type. The cells assumed a_ concentric 

arrangement about the needle tract, with their larger expansions radi- 

ating from it, owing to the contraction of the connective tissue core. 

When the central core was removed by a hollow trocar, there was a 

minimal amount of connective tissue formation, with only a minor 

degree of glial reaction in the gray matter and practically none in the 

white matter. Del Rio Hortega and Penfield *® described two types 

of neuroglial change about experimental brain punctures. The first, 

in which the cells were undergoing destruction, was characterized by 

coarse granulation of the cytoplasm and pigmentation of the expan- 

sions. The second, leading to typical glial proliferation, was manifested 

by a swelling of the cell body and fine granulation of the cytoplasm. 

This stage led to typical direct cell division and to the transformation 

12. Coen, FE. Ueber die Heilung von Stickwunden des Gehirns, Beitr. z. 

Physiol. 2:107, 1887. 

13. Tschistowitsch, T. Ueber die Heilung aseptischer traumatischer Gehirn- 

verletzungen, Beitr. z. path. Anat. u. z. allg. Path. 23:321, 1898 

14. Penfield, Wilder Meningocerebral Adhesions \ Histological Study of 

the Results of Cerebral Incision and Cranioplasty, Surg., Gynec. & Obst. 39:803, 

1924; The Mechanism of Cicatricial Contraction in the Brain, Brain 50:499, 1927. 

15. Penfield, W., and Buckley, R. C Punctures of the Brain: The Factors 

Concerned in Gliosis and in Cicatricial Contraction, Arch. Neurol. & Psychiat. 

20:1 (July) 1928. 

16. del Rio Hortega, P., and Penfield, W. Cerebral Cicatrix The Reaction 

of Neuroglia and Microglia to Brain Wounds, Bull. Johns Hopkins Hosp. 41:278, 
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from protoplasmic into fibrillary astrocytes. Luinell ** repeated the work 

of Penfield and his associates and confirmed their observations. He 

believed that the maximum neuroglial reaction, the purpose of which 

was to form a barrier between normal and damaged brain tissue, was 

reached at the end of three weeks. 

Practically all investigators are in accord as to the sequence of 

changes produced when the brain is punctured with a blunt needle. In 

a narrow degenerative zone about the puncture wound the cellular ele- 

ments, including the neuroglia as well as the nerve fibers themselves, 

undergo regressive changes. The debris is subsequently phagocytosed 

by the developing compound granular corpuscles. Beyond this is a 

zone in which the glia cells hypertrophy and proliferate, leading to 

formation of a paracentral gliosis. The absence of connective tissue 

proliferation and gliosis following the removal of the central core by 

a hollow needle suggested that the degenerating brain tissue, if left in 

the tract, is the exciting cause of such reaction. 

Pfeifer ’* was probably the first to study the changes in the human 

brain following needle puncture in an operative attempt to localize cere- 

bral tumors. He concluded that neuroglia played no part in the repair of 

such wounds, the scar being formed solely by connective tissue. Wilson '” 

studied the neuroglial reaction in one case in which ventricular punc- 

ture was done six days before death, and another in which six punc- 

tures were made from seven to eleven and a half months before death. 

In the first case he described a central zone of intense cellular reaction, 

and a more distal zone containing hypertrophied astrocytes. In the 

second case, in which the wounds were older, similar conditions were 

present, except that the connective tissue reaction was well advanced 

while the neuroglial response was less acute. Cone *° studied the neu- 

roglial reaction to a ventricular puncture made ten days before death. 

He referred only to the regressive changes taking place in the astro- 

cytes. In a general way we have been able to confirm their observa- 

tions in studying the tract of a needle puncture made three and a half 

months before death. 

17. Linell, Eric A.: The Histology of Neuroglial Changes Following Cerebral 

Trauma \n Experimental Investigation, Arch. Neurol. & Psychiat. 22:926 

(Nov.) 1929. 

18. Pfeifer, B.: Zur Diagnose von Hirntumoren durch Hirnpunktion, Jahrb. 

f. Psychiat. u. Neurol. 28:323, 1907: Fortschr. d. Med. 27:24, 1909. 

19. Wilson, R. B.: Brain Repair, Arch. Neurol. & Psychiat. 15:75 (Jan.) 
1926 

20. Cone, William: Acute Pathologic Changes in Neuroglia and Microglia, 

\rch. Neurol. & Psychiat. 20:34 (July) 1928. 
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Simple Linear Incision.—It seems strange that simple incisions of 

the brain have not been given more attention than a study of the litera- 

ture would seem to indicate. Cajal *' described the neuroglial reaction 

following simple linear wounds in which no large vessels had been 

damaged. In these the neuroglia had a radial and tangential arrange- 

ment similar to that described about puncture wounds. There was but 

a minor connective tissue core. The individual astrocytes stained less 

intensely with gold sublimate, and granulation of the processes occurred, 

usually first appearing in the sucker foot. Regressive changes of more 

marked degree took place in the cells immediately adjacent to the wound 

with the formation of ameboid glia. In other words, simple radial 

incisions of the cortex with a sharp knife produce changes similar to 

puncture wounds, resulting in a plane of reaction rather than one about 

a central core. The small amount of connective tissue present in the 

wound was probably due to the absence of extensive tissue damage or 

hemorrhage. The rather active proliferation of glia in the absence of 

connective tissue suggests the possibility that one is not dependent on 

the other. 

Extensive Brain Wounds. In addition to simple linear wounds, 

Cajal also studied extensive ones with contusion and serious hemor- 

rhage. He found that cicatrization resulted largely from mesodermal 

proliferation and increased vascularization. Outside of the connective 

tissue scar was a zone of gliosis of varying thickness. The changes in 

the regional astrocytes appeared to be identical with those of the more 

simple brain wound. Of especial interest, and a point to which we 

will call attention later, was the role that gross hemorrhage played in 

the formation of the resultant scar. With a moderate or extensive 

hemorrhage, liquefaction and phagocytosis of the blood cells outstripped 

the reparative reaction, and a cyst resulted. The marginal zone 

of softening came to be occupied with large numbers of compound 

granular corpuscles. The process of cyst formation seems to limit 

mesodermal reaction to a narrow zone forming the evst wall. 

Effect of Foreign Bodies.—Yhe healing of brain wounds is often 

complicated by the presence of foreign bodies. These may compress 

the brain, as occurs in simple depressed skull fractures, or dislocate 

bone fragments or other foreign material may be embedded within the 

brain substances \s we will show in a later section, hemorrhage into 

the brain substance for all practical purposes acts as a foreign body 

and influences in a special way the reparative process. In this connec- 

tion we will summarize the contributions dealing with the neuroglial 

reaction to experimentally placed foreign bodies either on the surtace 

or embedded within the brain substance. 

21. Ramon y Cajal, S Degeneration and Regeneration f the Nervou 

System, London, Oxtord Universitv Press, 1928 
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Foreign Bodies Placed Outside of the Brain: Penfield found that 

when a nonirritating substance, such as celluloid, was placed over an 

intact brain, there was no evidence of a diffuse reaction of the neu- 

roglia except perhaps at its margin where some thickening of the super- 

ficial glial layer took place. In this case the reaction to the foreign 

body was essentially mesodermal. In a series of experimental depressed 

fractures of the skull with foreign bodies introduced into the extra- 

dural space, Naffziger and Glaser ** found no regional gliosis. This 

only occurred when the brain itself had been damaged by the force of 

the blow which produced the fracture. This would lead one to believe 

that the foreign body itself, carefully placed so as to compress the sur- 

face of the brain, is incapable of producing a regional gliosis. 

Foreign Bodies Within the Brain: Borst ** studied the reaction of 

the brain following the introduction of celloidin blocks into the cortex 

of rabbits. He believed that the neuroglial elements invaded the for- 

eign body itself, an observation which subsequent investigaters have 

failed to confirm. Farrar,** in studying the changes following the 

introduction of sterile elder marrow into the cortex of rabbits, found 

that the resultant reaction could be divided into: (a) an initial passive 

period for the first twenty-four hours, (>) a subsequent period of 

proliferation and (c) a terminal period, characterized by involutional 

changes. The first period was characterized by a thickening of the 

overlying pial membrane with the formation of fibroblasts and phago- 

evtic cells. Only minor regressive changes were found in the cortical 

elements. The second stage was characterized by a gradual replace- 

ment of the hematogenous elements in the foreign body by fibroblasts, 

the formation of a connective tissue sheath and the gradual phago- 

cytosis of the zone of softened brain tissue. Outside the latter zone, 

reactive gliosis occurred. The terminal stage of the condition was a 

complete replacement of the foreign body by mesodermal elements, 

associated with a surrounding zone of connective tissue. A zone of 

reactive gliosis finally surrounded the entire mesodermal mass. These 

observations were confirmed by Morgenthaler,*? who noted a connec- 

tive tissue zone separating the regional gliosis from the foreign body. 

22. Naffziger, H. C., and Glaser, M. A \n Experimental Study of the Effects 

ot Depressed Fractures of the Skull, Surg., Gynec. & Obst. 51:17, 1930. 

23. Borst, M Neue Experimente zur Frage nach der Regenerationsfahigkeit 

des Gehirns, Beitr. z. path. Anat. u. z. allg. Path. 36:1, 1904. 

24. Farrar, C. B.: On the Phenomena of Repair in the Cerebral Cortex: A 

Study of Mesodermal and Ectodermal Activities Following the Introduction of a 

‘oreign Body, Histol. u. histopath rb. u. die Grosshirnrinde 2:1, 8 I Body, H | histopath. A lie ( | le 2:1, 190 
) 

25. Morgenthaler, \W Heilungsvorgange in der Grosshirnrinde des normalen 

| alkoholisierten Kaninchens nach Einfthrung eines Fremdkorpers, Ztschr. f. d 

ges. Neurol. u. Psychiat. 8:431, 1912. 
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MATERIAL AND METHODS 

The material used in this study was forwarded to us by Dr. A. F. Wagner and 

Dr. J. H. Schaefer of the coroner's department. All the cases that have been 

studied clinically have come under our observation. A few of the persons who 

succumbed within a short time or were killed outright were taken directly to the 

coroner’s morgue. The cases in this series are practically the same as those studied 

in our previous contribution on the reaction of microglia and oligodendroglia. 

Blocks of tissue were taken from selected areas of the brain and were stained 

by the following methods: hematoxylin and eosin, scharlach R, Mallory’s phospho- 

tungstic acid-hematoxylin, aniline blue, silver carbonate method for neuroglia and 

Cajal’s gold sublimate method. While we have selected blocks of tissue primarily 

from the standpoint of local injury, we have also taken them on occasion from the 

cortex and underlying white matter at points distant from any gross injury. Our 

purpose in this has been to observe any possible distant effects of the injury on 

the astrocytes. We have grouped the various cases from the standpoint of the 

type of lesion in order to trace the various stages of neuroglial reaction. 

NORMAL NEUROGLIA 

Astrocytes are classified as fibrous and protoplasmic. In addition, 

there are individual cells that seem to have characteristics of both. 

Protoplasmic astrocytes, the normal habitat of which is the gray sub- 

stance, elaborate no fibrils, and their rather complex branches form an 

arborization about the cell body. The fibrous astrocytes, on the con- 

trary, have longer and less ramified expansions consisting of fibrils 

which pass through the cell body. They are found in the white sub- 

stance and in the subpial layer. In either type one or more large 

expansions form an attachment to regional blood vessels. The fune- 

tion of these “sucker feet” is now believed to be that of support rather 

than of nutrition. The cell bodies of both types are about equal in 

size, and when demonstrated, with either a stain or a metal, have a 

granular appearance. In degenerative conditions it is an alteration in 

these probable lipoidal granules that results in the formation of neutral 

fat. We shall have occasion to refer to changes in these cytoplasmic 

granules later. Centrosomes are also found, usually at the point of 

attachment of the sucker foot. The Golgi apparatus has not. been 

demonstrated in adult neuroglia. Coarser round or oval granules, 

known as gliosomes, occur both in the cytoplasm of the cell body and 

along the processes. Their eccentric situation in the expansions can 

probably be accounted for by the presence of fibrils in these structures. 

Some observers conclude that the gliosomes are of the nature of mito- 

chondria and are responsible for the formation of the fibrils themselves. 

Del Rio Hortega, to the contrary, believes that this is not the case. 

The glia fibrils, evidently an integral part of the fibrous astrocyte, 

apparently serve as strong binding elements for bundles of nerve fibers. 

| 
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They are also present in the sucker foot, and thereby come into con- 

tact with the regional blood vessel. This serves to strengthen their 

vascular attachment. 

The nuclei are round or oval and have a well defined membrane. 

The chromatin substance is found as finely divided granules. The 

larger granules usually present in the central portion of the nucleus 

under certain circumstances become adherent to the nuclear membrane. 

In the hematoxylin and eosin stain the larger granules are dark purple, 

while finer, dustlike granules have a pinkish tint. It has been of interest 

to trace changes in these various structures following injuries. 

CHANGES IN NEUROGLIA FOLLOWING INJURY 

As has already been intimated in previous studies of this series, the 

various cellular elements have shown a specific local or general reaction 

to injury. The reaction of each element depends on its specific func- 

tion. Previous investigators have shown that the neuroglia undergoes 

three distinct types of change in the neighborhood of experimentally 

traumatized brain tissue: (1) regressive changes leading to complete 

destruction, (2) hypertrophy and direct cell division of more remotely 

situated astrocytes and (3) a reversible reaction in an intermediate zone 

in which moderately altered glia cells may be restored to functionally 

active ones. There are structurally three distinct zones in the region of 

damaged brain tissue, to which another may be added when the nature of 
the reactive change is fully appreciated. In the first zone the various 

elements are damaged beyond recognition, resulting in a more or less 

homogeneous debris. An immediately adjacent zone of variable width, 

depending on the degree of injury, is composed of cellular elements and 

nerve fibers which are doomed to complete destruction. While these are 

histologically recognizable immediately following the injury, regressive 

changes soon occur which lead to complete disintegration of the involved 

structures. Therefore, in the two zones just described, the end-result is 

probably the same for all types of cells and fibers regardless of their 

nature or function. 

In the third zone, or zone of reaction, the changes occurring in the 

various individual elements depend on the specific function of each. 

In this connection we shall confine ourselves to the changes occurring 

in the neuroglia. From a functional standpoint this zone may be sub- 

divided into two parts. In a rather narrow strip bordering the zone 

in which all elements are degenerating, the astrocytes undergo a degree 

of regressive change from which they are capable of recovering. Pen- 

field has aptly termed this process a reversible reaction. The second 

part of this zone, considerably wider than the first, is characterized by 

a positive reparative reaction in the neuroglia, manifested by hyper 
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trophy and proliferation. These zones are by no means clearcut, par- 

ticularly in the jagged and irregular contusions and lacerations of the 

human brain. This situation is also probably influenced by the suscep- 

tibility of individual cells, as it is not uncommon to find one or more 

of them in a restricted area undergoing complete destruction while 

their adjacent fellows appear to be unaffected. 

It is to the first subdivision of the third zone, where reversible 

reaction occurs, that we wish to direct especial attention in this study, 

Our observations will be discussed more in detail in later paragraphs 

rHt REACTION Ol NEUROGLIA rO SPECIFIC rYPES 

BRAIN INJURY 

\t the risk of appearing to be somewhat didactic, we have chosen 

to consider changes 1n the classic neuroglia which follow specific injuries 

to the brain. Its practicability to the clinical observer is evident, for 

it is of importance to understand the pathologic changes and ultimat 

outcome of a given lesion if only from a prognostic standpoint. Fur- 

thermore, this information forms a basis for future operative therapy, 

as has already been emphasized by Foerster and Penfield. Ly ftol- 

lowing this plan it will be much easier to compare the various types of 

experimental injury, from the standpoint of neuroghial change, with 

those occurring in the human brain 

This problem following head injury will be considered under two 

headings: (a) the neuroghial reaction to specific traumatic lesions, and 

(>) the peculiar changes occurring in the astrocytes in such injuries 

The following varieties of injury will be considered: (1) minor cortical 

contusion; (2) severe cortical and subcortical contusion with hemor 

rhage: (3) laceration; (4) hemorrhage, both gross and microscopic 

and (5) incidental lesions such as local infarctions following fat embo 

lism. In the accompanying table our cases have been classified from 

the standpoint of gross pathology on the basis of the lesions just 

enumerated. 

Winor Cortical Contusions. We have chosen to consider minot 

cortical contusions apart from more extensive ones, as such lesions art 

probably present in many persons surviving an injury. They are char 

acterized by a discoloration of the cortex alone, with a nominal amount 

of hemorrhage Che bleeding occurs either as localized petechial hem- 

orrhages, or as rows of blood cells between nerve fibers radiating toward 

the cortex. Within the involved area of even minor bruising the astro 

cytes showed an early tendency to fragmentation of their processes, 

and their cell bodies in some *cases were filled with vacuoles (case 13. 

26. Foerster, O., and Penfield, W The Structural Basis of Traumatic Epilepsy 

and Results of Radical Operation, Brain 53:99, 1930 
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survival period two hours). The cell boundaries were very irregular 

and the nuclei were small and eccentric. No evidence of direct cell 

division was observed. In another case (case 6, the patient living about 

four days after the injury), active direct cell division was taking place 

at the margin of the bruised area and in the subcortical white matter, 

with hypertrophy of the reacting cells. The cells in the involved area 

and about local petechial hemorrhages were undergoing regressive 

Classification of Gross Traumatic Lesions 

Case Age Sex Survival Period Gross Lesions 

Cortical Contusions— Minor 

10 M hours Contusion base of both frontal lobes 

" M days, 19 hours Minor contusion left frontal lobe 
M 14 days Contusion left frontal lobe 

Cortical Contusions—Severe 

Killed outright Contusion right temporal 
( I % hour Contusion left temporal lobe with petechial hemorrhages 

17 S4 I 144 hours Contusion basilar surface both frontal lobes 
{ I ) hours Contusion right frontal and right temporal lobes 

41 M hours Contusion anterior poles both frontal lobes 
8 M 6% hours Contusion cortex right temporal lobe 
0 M 12 hours Contusion left temporal lobe 

I % hours Extensive contusion left temporal lobe 
l i I ¥} hours Contusion right and left temporal and right frontal lobes 

‘ 6 M days, 19 hours Contusion cortex left temporal lobe 
s M 1 days Contusion right temporal lobe 

Laceration 

14 j I > hours Laceration right frontal lobe 
| M s days Severe laceration left temporoparietal regior 

Hemorrhage——Gross 

M | hours Hemorrhage into left temporal lobe 
1 M 7 months Old gross hemorrhage right temporal lobe 

is M » days Gross hemorrhage into left temporal lobe 

Hemorrhage— Petechial 

70 I Killed outright Widespread petechial hemorrhages 
0 M 14 hours Multiple petechial hemorrhages left cerebral hemisphere 
8 M days, 3 hours Generalized petechial hemorrhages 
( 67 M % days Petechial hemorrhages both frontal lobes 
f 6 M days, 19 hours Petechial hemorrhages white matter left frontal lobe 
8 M 4% days Multiple widespread petechial hemorrhages 
2 8 M 6% days Widespread petechial hemorrhages 
} M 7 months Petechial hemorrhages adjacent: to major hemorrhage 

change. It was of interest to note that the degree of activity of direct 

cell division was in inverse proportion to the proximity to the injury. 

Some very interesting changes were found in the brain of a person 

(case 9) surviving a minor bruise for fourteen days and succumbing 

to a complication. Within the central portion of the bruised area, 

“ghost” forms of ameboid glia were present just outside a zone of 

phagocytosis. In the zone just outside that in which active destruction 

was taking place, a peculiar reaction of the neuroglia was observed. 

Peculiar unipolar and bipolar cells were observed which appeared to 

he the result of a loss of several cell processes. These cells, suggestive 
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of “embryonic cells” observed in gliomas, appeared to be well impreg- 

nated with gold, as though they were still living forms. Another obser- 

vation worth mentioning was the overtaking of local double forms by 

regressive change. In such instances one of the two cells often appeared 

to be undergoing regressive change with loss of its processes, while 

the other appeared to be viable. The degree of cellular proliferation 

was again found to be inversely proportional to the distance from the 

injured area, being very active in the adjacent zone and becoming less 

so deeper in the white substance. 

While none of our cases showing minor bruising have been fol- 

lowed for more than two weeks, one can anticipate fairly accurately 

what the end-result will be. The occurrence of phagocytosis in the 

central portion and the active peripheral glial reaction suggest that 

the final condition will be a small patch of gliosis with a degree of 

contraction, which probably does not involve the arachnoid. Small local 

or regional petechial hemorrhages will probably result in the formation 

of small cystlike cavities lined with connective tissue and filled with 

xanthochromic fluid. This particular detail will be discussed later. 

Severe Cortical and Subcortical Contusions with Hemorrhage—tt 

has seemed best to classify cortical contusions as minor and severe, the 

essential difference being in the size of the bruised area and the addi- 

tional factor of gross hemorrhage. This factor of gross hemorrhage 

plays an important role in the production of the terminal picture. As 

the neuroglial changes accompanying hemorrhage are to be described 

under a separate heading, we shall confine ourselves to a description 

of these changes in the bruised area. We have included in this head- 

ing of severe contusion those cases in which the cortex and subcortical 

tissue were involved and marked by hemorrhages larger than the usual 

petechial extravasation. In many of them there was a clot of variabl 

size which had actually replaced the cortical tissue, around which addi- 

tional smaller satellite hemorrhages were found. Histologically, the 

lesion was characterized by a breaking up of extensive areas of cortex 

marked by large hemorrhagic extravasions 

In a rather characteristic manner the changes in the neuroglia night 

be classified into three types depending on the zone in which the cell 

chanced to be found. This is in accord with the observations of Pen- 

field and others. The first zone is a rather narrow one found imme- 

diately adjacent to the large central or smaller peripheral hemorrhages, 

and characterized by an almost immediate and total destruction of the 

astrocytes. It is difficult even in recent cases to demonstrate the 

remains of such cells in the markedly altered debris. This zone may 

be made to include the adjacent tissue in which the neuroglia undergoes 

regressive change leading to complete destruction within the next few 

Col pli davs. We have grouped these two zones as ¢/ry sone of 

| 

| 

| 

| 

4 



RAND-COURVILLE—FATAL INJURY TO HEAD 1353 

regressive change. One may trace in the peripheral portion of this 

zone typical acute degeneration of the neuroglia, the details of which 

will be described in later sections. These zones are indicated in figure 1. 

A mesial zone may be designated as the sone of reversible reac- 

tion, which overlaps to some extent the bordering areas on either side. 

The difficulties in sharply outlining this zone are apparent when it is 

realized that it is impossible to tell when looking at a cell in any given 

Covernse 

Fig. | Diagrammatic illustration « {f neuroglial reaction to cortical contusion 

with hemorrhage (recent stage). The arrows indicate the direction of migration 

of various cellular elements. The insert shows the area included in the diagram 

(cortex of temporal convolution). / indicates the zone of immediate destruction ; 

II, the zone of secondary or delayed disintegration; ///, the zone of reversible 

reaction; //", the zone of reactive gliosis; a, degenerating mesoglia within the zone 

of immediate destruction; >», compound granular corpuscles in the zone of late 

regressive change arising from the local mesoglia (c), or mesodermal elements of 

the blood vessel walls; d, proliferation of fibroblasts to form a narrow and incom- 

plete zone of connective tissue; e, actively degenerating astrocytes; f, regressive 

changes in more distant astrocytes (ameboid glia); g, apolar, bipolar, unipolar and 

multipolar forms of astrocytes undergoing reversible reaction, and /i, active pro- 

liferation of hypertrophied fibrous astrocytes. 
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stage of the process whether or not it is capable of surviving the injury. 

\s will be subsequently shown, it is possible for a cell to lose many or 

even all of its processes and still retain its viability. It seems evident 
therefore that glia cells within this zone can and do regain in time 

their function and their normal morphologic aspects. 

The distal zone, or sone of reaction, is characterized by hyper- 

trophy and proliferation of the neuroglia. This region evidently is 

influenced by the injury only in so much as it serves as a stimulant to 

cellular activity, and here again the intensity of the reaction is appar- 

ently directly proportional to the distance from the injured area. Such 

zones are to be found most typically in the brain subjacent to the 

injury. The involved cortex, which is broken up by the contusion and 

subsequent hemorrhage, undergoes destruction more or less en masse 

Destructive changes in such areas are more or less generalized and 

proceed with the same degree of rapidity. This 1s due no doubt to the 

profound disturbance in the cortical blood supply as well as to the 

original trauma. In one of our cases, however (case 20, with a sur- 

vival period of five days), in which an extensively bruised area was 

marked by numerous fairly small hemorrhages, these various zones 

could be traced microscopically throughout the region. Midway between 

the various hemorrhagic spots were found comparatively normal astro 

cytes, while shading off on either side the typical stages of regressive 

change could be seen. 

The essential changes in the development of these zones may be 

described as follows. There is a gradual widening of the original 

narrow zone of complete destruction as regressive changes come to 

involve the adjacent tissues. The astrocytes immediately adjacent to 

the injury soon lose their processes, and the cell bodies disintegrate. 

Their disappearance is followed by similar changes in the more periph- 

eral cells for a variable distance, depending on the severity of the 

injury. This change does not proceed evenly throughout the tissue, 

for it is not uncommon to find cells undergoing complete destruction 

in regions where the neighboring astrocytes show little or no alteration 

This may be explained either on the basis of a variation in individual 

susceptibility or on that of an irregular and uneven effect of the injury, 

possibly thre ugh interference with the blood supply. By the end of the 

first week, and probably within five days, this regressive change has 

become more or less stabilized, and does not spread to any great extent 

beyond the limits reached at this time. 

The neuroglial reaction which ultimately results in the formation 

of a glial scar is the response of the uninjured peripheral astrocytes, 

together with that of more centrally situated cells, which have under- 

gone a reversible reaction to resume their more or less normal activity. 

This reaction on the part of the neuroglia, as far as we are able to 
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determine, is a purely local and not a general phenomenon. It was 

difficult to find unquestioned evidence that direct cell division was 

taking place more than a few millimeters from the actual zone of 

injury. This has led us to believe that the neuroglial reaction from 

the standpoint of injury is a response to tissue destruction, and that 

as the destruction is local the reaction is local. The neuroglial pro- 

liferation is probably excited chemically by the products of disintegra- 

tion which permeate the adjacent tissue for a limited distance. This 

would seem to controvert the conception that the remote sequelae of 

brain injury are due to diffuse general gliosis, a theory which has been 

held by some clinicians for many years. 

Laceration of the Brain—The conception of lacerations of the brain 

varies in the minds of clinical and pathologic observers. Every case 

of severe bruising is undoubtedly accompanied by direct or indirect 

tearing of tissue, as can be seen in histologic sections. We have con- 

sidered, however, such minor manifestations to be a part of a contu- 

sion, and have reserved the term laceration to describe cases in which 

gross tearing of the brain has occurred. The latter is typically seen in 

persons sustaining comminuted depressed skull fractures with damage to 

the underlying brain. In these cases the greater extent of neuroglial 

reaction is directly dependent on the greater degree of injury. It is 

more difficult to make out distinct zones of reaction such as have been 

mentioned in local bruising. The essential features, as suggested in 

a person who survived a severe laceration of the brain for thirty-eight 

days (case 7), may be described as follows: The zone of destruction 

was much wider and more irregular, and came to be occupied ulti- 

mately by a fine reticulum in which nuclei were embedded (fig. 2). 

Scattered through this reticulum was found a black granular debris, 

much of which had been engulfed within phagocytes. The nature of 

these nuclei was difficult to determine, because no cytoplasm was dem- 

onstrated about them by the combined method of Penfield or by the gold 

sublimate, silver carbonate, reduced silver or Perdrau methods. In 

this zone were found patches of reacting glia and groups of macro- 

phages evidently phagocytosing residual areas of débris. The border- 

ing peripheral zone showed peculiar reactive forms of neuroglia of 

two essential types. The most conspicuous of the two were large, 

often multinucleated glia cells which had undergone hyaline change. 

The second, to be given more attention in later paragraphs, consisted 

of peculiar apolar, unipolar, bipolar or occasionally multipolar cells, 

which at first glance resembled the embryonic forms observed in the 

malignant varieties of the gliomas. Still more peripherally was found 

an irregular zone of gliosis in which the individual astrocytes had also 

undergone some degree of hyaline change (figs. 3 and 4). 
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The course of the changes following laceration may be briefly con- 

sidered in this connection. The profound injury results in extensive 

masses of degenerating tissue, which are gradually removed by the 

macrophages. It likewise seems to result in a delayed and atypical 

neuroglial response, in which some unknown factor, perhaps an inter- 

ference in blood supply, results in hyalinization of the reacting olia, 

The end-result, so well known by those who have had occasion to study 

Fig. 2—Diagrammatic illustration of neuroglial reaction to laceration (late 

stage) Actively degenerating astrocytes have been phagocytosed and removed 

The arrows indicate direction of cellular migration shows the zone of immediate 

destruction; //, the zone of secondary or delayed disintegration; ///, the zone ot 

reversible reaction; /]’, the zone of reactive gliosis; a, compound granular cor- 

puscles arising from the mesodermal elements of the regional blood vessels (in 

white substance , proliferation of fibroblasts to form bordering connective tissue 

scar; c, filigree meshwork with hyperchromatic nuclei (? of neuroglial nature) ; 

d, dendrophagocytosis of slowly disintegrating astrocyte; ¢, patches of chronically 

altered neuroglia ; apolar, bipolar, unipolar and multipolar forms undergoing 

reversible reactions ; hyalinized multinuclear astrocytes (giant cells) showing 

regressive changes, and /:, hypertrophy and proliteration of fibrous astrocytes 
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Fig. 3 (case 7).—Reactive gliosis adjacent to a thirty-eight day old laceration. 

Hypertrophy and direct cell division of astrocytes are shown. Gold sublimate 

method, 226 

Fig. 4 (case 7).—Hyalinization of reacting astrocytes. The cell body is swollen, 

and expansions appear somewhat short and frayed out. Gold sublimate method, 
2) 
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the late effects of brain laceration, consists of a central connective 
tissue scar and an intense regional gliosis. We have had occasion to 

study such a case, not included in this series, illustrating this fact. In 

a child, aged 3, who had sustained a laceration of the right parietal 

cortex incident to forceps delivery at birth, a linear scar answering 

this histologic description was found. From this typical end-picture 

one must conclude that the loose reticular tissue becomes ultimately 

replaced by connective tissue, and that the atypical and incomplete 
gliosis is converted into a dense glial cicatrix. The fate of the hya- 

linized astrocytes and the “embryonic forms” remains an open question, 

Neuroglial Reaction to Hemorrhage-——Hemorrhage is a common 

and often serious result of severe head injuries. The presence of blood 

in the cerebrospinal fluid is the rule. It would seem that the 

part played by free blood in the brain tissue from the standpoint of 

immediate or ultimate change has been given too little attention. Hem- 

orrhages following injury may be classified as follows: (a) gross 

hemorrhages, either in the form of (1) extensive cortical hemorrhages 

following severe contusion, or (2) true traumatic intracerebral hemor- 

rhages; (>) petechial hemorrhages (1) associated with cortical bruis- 

ing or (2) regional petechial hemorrhages. The latter are incident to 

local dislocation effects as observed in the corpus callosum or due to 

severe local injury as occurs in the white matter of a lobe which has 

undergone extensive cortical bruising. There are, finally, (3) widely 

scattered petechial hemorrhages either due to sudden changes in the 

cerebrospinal fluid pressure or resulting from multiple fat emboli, 

A few general considerations need to be emphasized before the 

details of neuroglial changes are described. A local clot or hemor- 

rhage of any size immediately becomes a foreign body as far as the 

reaction of the surrounding brain tissue is concerned. Furthermore 

this “foreign body,” through the degeneration of the red blood cells, 

disappears more rapidly than repair can take place, or multiple smaller 

hemorrhages may so break up fairly extensive portions of the cortex 

that degeneration en masse takes place. 

Gross Cortical Hemorrhage: In any case of severe contusion a 

clot forms beneath the pia mater which is sometimes of considerable 

size. In this series we have not been able to trace the neuroglial reac- 

tion to its end-stage. Certain early changes have been observed. Judg- 

ing from what takes place in gross cerebral hemorrhage and from the 

observations in old injuries of the brain, the lacking details may be 

supplied. 
Any hemorrhage of consequence results not only in the destruction 

of the brain tissue in the space which it comes to occupy, but also in 

a zone of softening of the brain tissue at its margin. The glia cells 

in this zone undergo regressive changes during the first few days after 

injury, with the formation of ameboid glia cells as an intermediate stage 

| 
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(fig. 5). The gha cells outside this zone undergo active proliferation, 

resulting in a zone of gliosis. Rapid degeneration of the red blood 

cells with subsequent phagocytosis results in the formation of a subpial 

or subarachnoid cyst, lined by a very narrow zone of connective tissue 

surrounded by a layer of neuroglia. 

Traumatic Cerebral Hemorrhage: The reaction of neuroglia to 

traumatic cerebral hemorrhage is not unlike that due to other causes, 

as has been described by Globus.** He described three zones about 

cerebral hemorrhages. In early stages there was a zone of softening, 

Fig. 5 (case 20). Degenerating astrocytes at the margin of the small cortical 

hemorrhage. The various forms of acute degeneration are readily 

sublimate method, x 100. 

seen. Gold 

a zone of vascular reaction, and finally surrounding this a zone of 

gliosis. In a later stage there was found an internal homogeneous 

structureless layer lining the cavity, a middle zone of phagocytes, astro- 

cytes and a network of blood vessels. [External to this was a third 

layer of intense gliosis. In this series we have three examples of 

gross intracerebral hemorrhage, one of thirty-one hours’ duration 

27. Globus, Joseph H Glia Response in Chronic Vascular Disease of the 

Brain, Arch. Neurol. & Psychiat. 20:14 (July) 1928 
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(case 2), one of five days’ duration (case 20), and finally one of 

seven months’ duration (case 4). 

From the standpoint of gross pathology the area about a large intra- 

cerebral hemorrhage is marked by a zone of softening in which small 

petechial hemorrhages are found. Histologically, there is observed a 

rather narrow zone immediately adjacent to the hemorrhage in which 

a rapid and complete destruction of all elements occurs \djacent to 

it, in a zone marked by petechial hemorrhages, are to be found typical 

regressive changes (ameboid glia). Still more peripherally, in’ what 

ordinarily would constitute the zone of reaction, certain minor changes, 

such as vacuolization of the nucleus and cytoplasm of the neuroglia, 

are observed. 

In a person surviving for two days a hemorrhage into the left tem- 

poral lobe (case 2), a narrow zone of destruction contained neuroglia 

undergoing rapid degeneration in which the site of the cell was often 

marked only by an irregular group of coarse black granules. The 

second zone was characterized by the presence of vacuolar spaces in 

ihe tissues suggesting the presence of local edema Indicating earl) 

regressive changes, the cells in this zone failed to take either the usual 

Stains or metallic impregnations as well as the adjacent unchanged 

brain tissue. Evidently the first change in this fairly wide zone was 

the occurrence of local edema and tissue softening, due no doubt to 

pressure of the expanding hemorrhage and interference with local blood 

supply. This was also suggested by the presence of petechial hemor- 

rhages. Neither this zone nor the bordering normal tissue gave any 

evidence of direct cell division on the part of the neuroglia. Of interest 

in this connection, we have noted in our previous study that direct cell 

division was already taking place in the microglia in this area. 

In case 20, with a survival period of five days, ameboid forms of 

astrocytes were found immediately adjacent to the large hemorrhage 

and forming a ring about the petechial hemorrhages. In more distant 

regions, beginning proliferation was evidenced by swelling and direct 

cell division of these cells. It may be inferred therefore that in gross 

hemorrhage the neuroglial proliferation begins sometimes between the 

second and fifth day. It is this proliferation that leads to the forma- 

tion of the regional gliosis described by Globus. 

In the third case of gross hemorrhage into the right temporal lobe, 

with a survival period of about seven months (case 4), a late stage of 

the condition was observed. Three zones could still be demonstrated. 

There was a narrow, irregular internal zone of connective tissue, a 

loose reticular zone marked by patches of gliosis and groups of com 

pound granular corpuscles, and a final peripheral zone of incomplete 

gliosis, marked also by patchy areas of degeneration. The internal 

zone of connective tissue possibly corresponds to the internal struc- 
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tureless zone of Globus. This observer fails to state the age of the 

hemorrhagic cyst which he studied, and makes no reference as to the 

occurrence of connective tissue. 

In a certain number of cases, injuries to the head produce intra- 

cerebral hemorrhage. At the periphery of the clot we find the three 

typical zones as described in other lesions. The essential difference 

seems to be in the formation of a wider central zone in which regres- 

sive changes are accelerated by the occurrence of edema and _ petechial 

hemorrhages. In the inner zone complete destruction of all elements 

takes place, and in the second zone as well the process is more or less 

complete. Destruction in this wider middle zone is followed by very 

active phagocytosis and patchy and incomplete gliosis. Glial prolifera- 

tion is found at the peripheral margin of the second zone with a ten- 

dency to invade the mesial zone. The end-stage is a cyst lined by a 

narrow margin of connective tissue with a subjacent zone of reactive 

gliosis. This gliosis is undoubtedly accompanied by an increase in the 

vascular network, as has been mentioned by Globus. 

Petechial Hemorrhages: ‘There are evidently numerous factors at 

work in the production of petechial hemorrhages following head injury. 

\s a result of our investigations it is evident that, with one possible 

exception, neuroglial reaction following such hemorrhages is the same 

regardless of the exciting cause. Perhaps the only factor influencing the 

neuroglial reaction in such instances is the size of the hemorrhage. A 

small hemorrhage producing little disturbance is not likely to result in 

any noticeable change in the neuroglia. A petechial hemorrhage large 

enough to cause regressive changes in the surrounding brain produces 

rather characteristic alterations, which have been followed in the various 

survival periods of our series. When bleeding occurs, as for example 

about a small capillary blood vessel, the expanding hemorrhagic focus 

often results in its destruction, a tearing loose of the sucker feet, and 

a concentric compression of the surrounding brain tissue. If large 

enough, this compression results in local tissue ischemia and softening, 

attended by consequent regressive changes in the regional neuroglia 

(fig. 6). These regressive changes take some time to develop, particu- 

larly in so far as the glia fibrils are concerned. The phosphotungstic 

acid-hematoxylin stain revealed no change in these fibrils during the 

first few days. About the smaller hemorrhages there were condensa- 

tion and compression of the perivascular glia. About larger local 

hemorrhages a narrow zone of softening may be found in which typical 

regressive changes occur. The local astrocytes surviving the insult 

hypertrophy and in some cases proliferate. Rapid destruction of the 

red blood cells leaves a small, round, cystlike space surrounded with 

more or less actively proliferating glia. Such proliferative changes 
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Fig. 6 (case 20).—Petechial hemorrhage (survival period of five days) with 

degeneration of regional astrocytes. Gold sublimate method, x 100. 

Fig 7 (case 4).—Petechial hemorrhage (survival period seven months). The 

tendency to gliosis about the subcortical petechial hemorrhage is shown. Silver 

carbonate method, x 100. 
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Fig. 8 (case 4).—Smaller petechial hemorrhage between the cortex and white 

substance The active gliosis in the white matter stands out in contrast to the 

retarded glial reaction of the cortes Gold sublimate method, x 100. 

Fie. 9 (case 8) \cute regressive changes in the neuroglia in an infarcted 

area following tat embolism. Gold sublimate method, ¥ 100. 
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may ultimately result in a more or less complete ring of gliosis ( figs, 

Zand &). <A further word should be added in regard to the changes 

in petechial hemorrhages following multiple fat emboli. It is recog- 

nized that cerebral fat embolism is in most cases not a result of head 

injury but is secondary to fracture of some long bone. Multiple small 
infarctions with or without hemorrhages are to be observed. These 

infarcted areas, as seen in case &, show typical ameboid changes in 

the neurogha (fig. 9). While we have not had the opportunity to 

study late changes consequent to fat emboli, it is not unreasonable to 

believe that focal gliosis would occur if the survival period were long 

enough. 

CHANGES IN INDIVIDUAL ASTROCYTES FOLLOWING 

HEAD INJURY 

he first part of this contribution has been concerned primarily 

with a description of the general neuroglial reaction to the various 

types f brain lesion following injury. In this portion of our stud 

we shall discuss the changes taking place in the individual astrocytes 

\We shall consider first of all the various tvpes of (a) regressive change, 

)} what constitutes a reversible reaction and (¢) proliferation of glia ~ 

\\ shall consider meidentally the problems of localized and generalized 

Regressive Changes —Changes mm astrocytes tollowing various types 

§ toxic, infectious or destructive lesions of the brain have been 

lescribed for many vears. Eisath ** was one of the first to describe 

letailed acute changes in the neuroglia which gave rise to an ameboid 

ppearance of the cell. He found that the cell became swollen, its 

nucleus became hyperchromatic, and fragmentation of its processes 

ceurred. Alzheimer ** paid particular attention to the occurrence of 

granules within such cells staining specifically with acid fuchsin, 

methylene blue (methylthionine chloride, U. S. P.), and light green, 

is well as certain vacuolar spaces found to be filled with fat. The 

latter he believed to be formed by a gradual enlargement of tuchsino- 

phil granules. He believed that these granules were formed as _ the 

‘esult of regressive changes in the cytoplasm. Wohlwill described 

uneboid forms in vascular lesions, and considered them to be of a 

regressive nature. Some observers believed that in certain instances 

28. Eisath, G Ueber normale und pathologische Histologie der menschlichen 

Neuroglia, Monatschr. f. Psychiat. u. Neurol. 20:1, 1906, 

29. Alzheimer, A Beitrage zur Kenntnis der pathologischen Neuroglia und 

ihrer Beziehungen zu den Abbauvorgangen im Nervengewebe, Histol. u. histopath 

Arb. u. die Grosshirnrinde 3:401, 1910 

30. Wohlwill, | Ueber amoboide Glia, Virchows Arch. f. path. Anat. 
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they were the result of postmortem change. Cajal *' designated the 

process of the fragmentation of the expansions as clasmatodendrosis. 

\t the time of these earlier investigations, some difficulty was encoun- 

tered in distinguishing them from compound granular corpuscles. This 

confusion was due to the fact that both frequently showed short, stubby 

processes and globules of fat. It remained for del Rio Hortega,* 

with the use of specific metallic methods, to distinguish clearly the 

ameboid glia on the one hand from the phagocytic mesoglia on the 

other. 

\cute regressive changes in the neuroglia following injuries to the 

brain are not unlike those produced by other causes. A detailed con- 

sideration of these changes is unwarranted at this time, as they have 

heen so well described by other investigators. It will be = sufficient 

to describe certain changes and the sequence of their appear- 

ance following trauma. It has been recognized since the time ot 

\lzheimer and Wohlwill that the alterations vary according to the 

speed with which the process takes place. We shall describe two 

rather characteristic appearances. 

Rapid Degeneration: In the narrow zone bordering the contusion 

r hemorrhage, all histologic elements undergo almost immediate dis- 

solution. In these areas degenerating glia cells are manifested by an 

irregular clump of large granules which still attract the gold sublimate 

stain, or at times by a faint outline of finer granules (“ghost forms”) ; 

sometimes a combination of these appearances may be observed with 

lark irregular splotches superimposed on an outline of fine granules. 

These granules probably represent an agglutination of the smaller 

auriphilic granules now made particularly prominent by loss of nucleus 

and cell wall. In the phosphotungstic acid-hematoxylin preparations 

the details of nuclear destruction and dissolution of the cell wall may 

be seen. Large clearcut purple, and clumps of narrow irregular brown- 

ish, granules may be seen with this method. These granules undoubt- 

edly correspond to those described by Alzheimer in his various aniline 

dye preparations. This acute process may be described as destruction 

of the cell more or less in toto. 

Slower Regressive Changes (.Ameboid Ghia): Peripheral to the 

narrow zone of complete destruction there is an area of varying lati- 

tude in which regressive changes take place more slowly. In general, 

31. Ramon v Cajal. S Contribucion al conocimiento de la neuroglia del 

cerebro humano, Trab. d. lab. de invest. biol. Univ. de Madrid 11:255. 1913. 

32. del Rio Hortega, P.: Sobra la verdadera significion de las celulas neuro- 

glicas Ilamadas amiboides, Bol. r. Soc. espah. de biol. 8:229, 1918: El “tercer 

elemento” de los centros nerviosos: 1. La microglia en estado normal: II. Inter- 

vencion de la microglia en los procesos patologicos; III. Naturaleza probable de la 

nicrogha, ibid. 9:69, 1919 
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it may be said that the speed with which the process occurs is directly 

proportional to the proximity of the cell to the point of injury, A 
typical picture as seen in the gold sublimate preparation will be described. 

Adjacent to the margin of the injured tissue the astrocytes ha 

of their processes, and only 

| lost all 
small streaks and irregular masses of 

es acute degeneration in astrocytes . granulation of 

expansions: /#, loss of terminal expansions: C, breaking off ot mays 

LD), loss of major processes giving the cell an irregular ameboid apy WATAICE (gold 

sublimate method, « 1500 

eranules in the region of the cell indicated where the 

Somewhat more peripheral to the injury the 

cell body had 

been ‘expansions were a 

little longer, and their outlines were sometimes marked by rather coarse 

granules. Still more peripherally the cells had lost their terminal radi 

| | 

| 
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cals. In the adjacent zone the cells appeared quite normal in outline, 

and the only evidence of regressive change was the presence of occa- 

sional vacuoles in the cytoplasm. Figure 10 shows these various stages 

of degeneration. As has been previously intimated, regressive changes 

do not involve all cells alike in the same area, and it is not uncommon 

to observe certain portions of the same cell undergoing regressive 

change while others appear quite viable. Furthermore, in cases with 

a longer survival period, regressive changes have not infrequently been 

seen in cells which have appeared to be hypertrophied and undergoing 

proliferation. 

The details of this regressive change can best be studied by com- 

paring a variety of stained and impregnated preparations. ‘There are 

two fundamental changes to be observed in the cytoplasm, the forma- 

tion of vacuoles and the development of large granules. What appeared 

to be vacuoles in ordinary methods proved to be free fat when stained 

with scharlach R. ‘These vacuoles vary considerably in size and num- 

ber, depending on the proximity of the cell to the injured area and the 

speed with which regressive change was taking place. They may be 

found in cells which otherwise appear normal. The presence of fat 

is probably to be explained by a breaking down of the complex cellulas 

lipoids into neutral fat. 

Coincident with this process, certain changes occur in the chemistry 

of the cell which favor the agglutination of granules normally present, 

or their transformation into those of another character, as earlier inves- 

tigators have already shown. Such granules appear to be of acidophilic 

and basophilic character. We have not attempted to stain these cells 

with the various methods utilized by Alzheimer and his contemporaries, 

as the changes in the ameboid forms are very much alike. We have 

noticed three varieties of granules which seem to be foreign to the 

normal cell. The first is demonstrated by the silver carbonate method. 

Large, round or oval, black granules, usually not more than five or six 

in number, were observed in cells at some distance from the injury. 

Chey were particularly numerous and well developed in the subpial 

astrocytes. These may correspond to the large granules demonstrated 

by the gold sublimate method, and, as previously intimated, may be 

due to an agglutination or coagulation of the normally present. fine 

auriphilic granules. With the phosphotungstic acid-hematoxylin stain 

two types of granules are observed. One is a large, round or oval, 

deep purple granule scattered throughout the cytoplasm, which may 

he identical with those impregnated by the gold and silver methods. 

In addition, there are often seen irregular clumps of brownish granules 

in the cytoplasm or the nucleus. Perhaps the only conclusions that 

one is warranted in drawing are that such granules are evidence of 
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regressive change, that they are in some way due to alterations jp 

normal cellular constituents, and that there are probably several varie- 

ties having different chemical characteristics. 

Nuclear changes may be included under the terms pyknosis, kary- 

olysis and karvorrhexis. These changes are particularly well seen with 

Mallory’s method. In regions adjacent to the injury, rupture of the 

nuclear membrane, hyperchromatosis and irregular arrangement of the 

chromatin material may be seen. Vacuolization of the nuciei may be 

found even at a distance from the seat of injury, and may be a part of 

a general tissue edema rather than a regressive lipoidal change. 

The breaking off of the cell processes (clasmatodendrosis ) may by 

an early or late change, depending on the location of the cell, Near 

the injured area the cells may have lost many or all of their expan- 

sions, while those at a greater distance show less marked changes 

Coincident with the loss of expansions, vacuolization and granular 

changes, there is a swelling of the cell body CIVING rise to the typical 

appearance of ameboid glia. We were unable to observe dendrophago- 

cytosis, except in cases with a reasonably long survival period. It 

seenis evident, therefore, that loss ot processes is not due in the acute 

stages to phagocytosis by the mesoglia 

Reversible Reaction of the Neuroglia —Ventield and his co-workers 

have frequently made use of the term “reversible reaction” in describing 

cells undergoing regressive change. The implication is that such elements 

are undergoing alterations of morphologic, biologic and chemical nature, 

which if continued would lead to the death of the cell ( necrobiosis ) 

Some of these cells, however, survive, and are presumably capable of 

resuming normal function in a certain period of time. The charac- 

teristics of cells capable of regeneration, the time periods necessar' 

for the change, and the stages through which they pass have to our 

knowledge never been described. 

Not infrequently, certain unusual cell forms have attracted our 

attention and deserve consideration. It is understood a priori 

that cells showing changes from which they are capable of recov- 

ing will be found in an area between the zones of character- 

istic proliferation and = characteristic destruction. several cases 

in which tissue destruction had taken place, we have observed 

certain apolar, unipolar and bipolar cells which are impregnated by 

the gold sublimate method, but which also may be demonstrated by any 

method that shows the cytoplasm of the cells (fig. 11). They were 

particularly characteristic in case 21 (survival period of about fifty- 

six hours), and case 7 (survival period of thirty-eight days). In case 

21, the blocks were taken from a contused area in the right temporal 

lobe. These peculiar cell forms were of especial interest in that they 

suggested a method of their development. In the zone midway between 

| 
| | 
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Fig. 11 (case 7).—Morphologic changes in astrocytes indicative of reversible 

reaction as shown by routine methods. 4, B and C shows the apolar, polar and 

bipolar forms that have undergone some degree of hyaline degeneration. Hema- 

toxylin and eosin, & 800. J) shows the unipolar and bipolar forms. Aniline blue 

method, « 

| 
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the areas of degeneration and of reaction, the glia cells were found to 

be losing some of the major processes, while one, two or occasionally 

three processes retained their normal morphologic aspects except for 

a loss of the terminal expansions. The expansions which were under- 

going regressive change attracted the gold less avidly, and their faint 

granulation stood out in contrast to the deeply impregnated fairly 

normal processes. Some cells had lost all of their processes and 

remained as small round or oval forms, which attracted gold sublimate 

with the same degree of intensity as did the more normal forms in the 

locality (fig. 12). 

Fig. 12 ! (case 7) shows the apolar and bipolar forms of astrocytes. Gold 

sublimate method, « 800. B (case 21) shows the unipolar and bipolar iorms. 

Gold sublimate method, «* 800. 

In case 7, that of a boy, aged 14, who survived for thirty-eight 

days an extensive laceration of the left parietal lobe, sinular torms 

were seen. As a matter of fact, it was in the sections taken from an 

area adjacent to the laceration stained by Mallory’s method that we 

had occasion to observe these peculiar forms for the first time. They 

were obviously older and presented a more regular contour than those 

seen in case 21. Apolar, unipolar and bipolar cells were fairly com- 

mon, many of them having double nuclei. The development of these 

elements, such as was traced in case 21, was not observed, probably 

hecause the process had temporarily become quiescent. The gold subli- 
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mate preparations showed morphologically identical cells in this zone 

which lay interposed between the zone of complete destruction and 

that of reaction. These cells were in part undergoing a hyaline change 

similar to that of the reacting glia in the adjacent zone. Figure 13 illus- 

trates the immature (case 21) and mature (case 7) forms of these cells. 

The significance and mode ot formation of these hitherto unde- 

scribed elements are of considerable interest. As observed in case 21, 

the fact seems to us fairly well established that these elements are the 

result of a breaking off of a variable number of expansions. In indi- 

vidual cells one or more of the polar expansions were deeply impreg- 

nated with the gold, while the lateral ones were only lightly impregnated 

and often appeared to be undergoing granular degeneration. The end- 

result of the process is a cell only slightly shorter than the transverse 

diameter of the original astrocyte. It may be argued by some that 

such elements should be considered as degenerating forms and incapa- 

ble of recovery, in other words, as dying cells. The intensity of 

metallic impregnation, the absence of extensive vacuolization, and the 

occurrence of active direct cell division all speak for their viability. 

Their position, in a zone bordering on that of active proliferation and 

outside of the zone of complete necrosis, in itself suggests a possibility 

of reversible reaction. If these morphologic elements have been prop- 

erly interpreted, they furnish a tangible demonstration of the method 

of reversible reaction. By proliferating new processes the typical adult 

form may be reestablished. 

One is tempted to theorize on a possible explanation for the phe- 

nomenon. In the embryonic development of the globlast are bipolar and 

unipolar transitional stages. ‘These original expansions may for our pur- 

pose be designated as primary. Later in its history other, secondary expan- 

sions are proliferated, and the cells develop into their typical stellate 

shape. It is possible that the secondary expansions are more susceptible 

to injury by various noxious influences and consequently may be the 

first to be lost. With these processes removed the cell regains its 

embryonic appearance, and possibly to some extent its embryonic 

propensities. 

The development of these peculiar morphologic forms is evidently 

due to a large extent to the direct effect of the injury. It was observed, 

however, especially in the older cases, that such cells usually lay with 

their long axis parallel to the margin of the injured area. This would 

suggest the possibility that concentric pressure radiating from the center 
oO} injury also had something to do with their shape. 

The resemblance of these elements to those seen in the embryonal 

gliomas brings up the question of the etiologic relationship of trauma 

to new growth. The occurrence of similar forms following brain 

injury suggests the possibility, perhaps remote, that these elements 
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under certain conditions might assume neoplastic tendencies leading to 

the formation of glioma. Perhaps of still greater significance, this 

process furnishes a possible modus operandi in the development of 

gliomas from morphologically typical astrocytes, in contrast to the cell 

rest theory of Cohnheim. The matter deserves further consideration, 

The circumstances under which we were obliged to conduct this 

investigation have limited our study to that of cellular morphology 

ig. 13.—Diagrammatic drawings of “¢ t ic forms” of astrocytes The 

cells in the upper part of the figure are trom case 21 (survival period of fitty-six 

hours These forms are the result of breaking off of secondary « <palisions lhe 

cells in the lower part of the figure are taken from case 7 (survival period of thirt 

eight days) They have a more regular appearance and often contain two nucle. 

demonstrated by the various staining and impregnation methods. We 

can only surmise, therefore, the physicochemical aspects of the problem 

It has been known for some time that the protoplasm of cells could be 

coagulated mechanically. In such instances the normal granules (col- 

loids) of the cell become swollen and opaque. It furthermore seems 

very likely that coagulation produced by mechanical as well as by 
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chemical factors may be a reversible process. It is possible that the 

increase in size of the auriphilic granules in these injured cells, as 

demonstrated by the gold sublimate method, is a manifestation of this 

process. 

\dapting this conception to the situation at hand, the cells immedi- 

ately adjacent to the injury undergo such an extreme degree oi 

mechanical coagulation that regeneration is impossible, and they soon 

disintegrate, Those somewhat more distant are less severely affected 

and the process may be reversible. If certain of the secondary processes 

are more susceptible to injury, they may be destroyed with the formation 

of the peculiar “embryonic forms” just described. The conception 

opens up a new field for study of brain injuries from an experimental 

standpomt. 

rHE PROBLEM OF GLIOSIS FOLLOWING TRAUMA 

In previous paragraphs we have considered the zone of complete 

lestruction and the zone of reversible reaction, as concerns the neuroglia. 

\ consideration of the third zone of reactive proliferation, which ulti- 

mately leads to the formation of the glial scar, is now in order. Gliosis 

is a result of a proliferation of fibrillary astrocytes. We shall discuss 

its possible causes, its mechanism and its function, as well as its rela- 

tion to the production of elinical symptoms. 

Causative Factors —Judgmg from the many conditions in which 

gliosis occurs, it is evident that there are many factors that lead to its 

production. Krom our observation gliosis following trauma is a local 

manifestation, and the possibilities of impaired blood supply, of general 

ixic substances or of generalized regressive changes as causative fac- 

tors mav be dismissed without further word. Local gliosis following 

trauma occurs only when there ts destruction of tissue, and the intensity 

the glial reaction in the zone of proliferation is in direct proportion 

\ll of the tissue used by us in this study was taken fro 1 bodies which 

ad been embalmed soon after death. Atter removal from the skull, the brain 

as immersed in a diluted solution of formaldehyde, U. S. P. (1:10) until needed. 

It is evident that this process of chemical coagulation of the cell colloids made a 

lv of mechanical coagulation in the various cellular elements quite 

impossible We were limited to a comparison of the size of the granules in the 

njured with those of normal cells. Marinesco made some very interesting observa- 

ns on mechanical coagulation of the colloids of nerve cells (Kolloid-Ztschr. 11: 

207, 1912; IIL Cong. internat. de neurol. de psychiat., 1913, p. 20. From a more 

purely biologic standpoint, the literature dealing with this problem has been recently 

reviewed by Bancroft and Richter (The Chemistry of Anaesthesia, J. Phys. Chem. 

$5:215, 1931). The effect of injury on the cytoplasm of neuroglia must of necessity 

he investigated experimentally. More fruitful and more important results would 

he gained, however, if attention would be directed to the nerve cell rather than 

to the astrocyte 
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to the proximity of the reacting cells to the injury. [t must be con- 

cluded therefore that injury is the exciting factor of the process. It 

is very likely that the degenerating tissue furnishes a chemical stimulant 

which diffuses with diminishing effect through the adjacent undamaged 

tissue. Once begun, neuroglial proliferation continues until ultimate 

complete repair of the damaged area by a glial scar 1s accomplished. 

The Mechanism of Glosis—Untortunately, it has not been our 

Opportunity to study all the transitional stages in the development of a 

glial sear. The details of the process have been shown experimentally 

by Penfield and his collaborators. It 1s the result of an active prolifera 

tion of cells in the zone of reaction, with the possible addition of cells 

in the adjacent zone undergoing reversible reaction. \s Pentield has 

already described, in simple experimental brain wounds it is possible that 

a transition may take place by which protoplasmic astrocytes are trans- 

formed into those of fibrillary type. In local injuries to the human brain 

the cortex containing the protoplasmic astrocytes is usually extensively 

damaged. This may be the reason why we were unable to observe this 

transition, but in such cases it may be questioned whether these trans- 

formed cells play a very important role in the formation of the ultimate 

glial scar. In one instance (case 9, with a survival period of fourteen 

days) we observed groups of fibrillary astroeyvtes which have 

developed from those of protoplasmic type 

Proliferation of astrocytes in our material took place only by direct 

cell division In case 21 (with a. survival period of fifty-six 

hours) and case 6 (with a. survival period of ninety-one hours) 

the astrocytes were undergoing direct cell division, and transitional 

forms ot all stages could be observed We are unable to state 

from our observations, dealing as we are with so widely varying 

factors in different cases, just when the process reaches its maximum 

Judging from case 7 (with a survival period of thirty-eight days), 11 

which gliosis was still very incomplete, the process may be frequently 

very much delaved. This ts probably due to two factors. First. the 

severe local shock is met with a feeble though prompt response. Further- 

34. Current investigations by one of us (Dr. Courville) seem to indicate that 

direct cell division of astrocytes 1s constantly taking place in normal cerebral tissue 

If this is true, local glial proliferation tollowing trauma is to be interpreted as an 

acceleration of a normal process. The occurrence of occasional twin cells or 

double nucleated forms, observed in the tissues of persons surviving injury but a 

few hours, cannot therefore be considered as prima facie evidence of active response 

of the neuroglia. Only when numerous enough to exceed the normal state can 

the appearance of such forms be considered as pathologic. The neuroglial reaction 

is slower in responding to injury than the microglia or the oligodendroglia, in 

which changes are to be observed within a few hours after injury 
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more, the process seems to be greatly retarded by the actual presence 

of degenerating tissue, phagocytosis of which is the important work 

of the moment. This would delay the formation of the ultimate glial 

cicatrix for a matter of months or even of years. The age of the 

patient probably has some influence on the speed and intensity of this 

neuroglial reaction, but from our observations we are incapable of 

determining its importance. 

\s to the details of cell division, but few words need be said. It 

begins with a swelling of the cell body, frequently accompanied by a 

loss of granulation about the nucleus. There are indentation and 

constriction of the nucleus, followed by the interposition of an inter- 

vening wall. The chromatin material is divided into more or less equal 

portions within the two daughter nuclei. Under ordinary circumstances 

nuclear division is attended by division of the cytoplasm and expansions, 

so that two symmetrical cells result. When the process of gliosis is 

retarded in the presence of extensive degenerating changes, hyalinization 

of the proliferating glia takes place and atypical amitosis occurs. In 

forms to be described in later paragraphs, atypical indentation, con- 

striction and multinuclear elements were observed, not unlike the giant 

cells so frequently seen in glioblastomas. Such forms have also 

heen described by del Rio Hortega, and Penfield and Cone in experi- 

mental brain injuries. 

Regressive Changes Reactive Neuroglia—RKegressive changes 

occur not only in astrocytes within the damaged area, but also in those 

at its margin. It is not unusual to see hypertrophied and _ proliferating 

glia being overtaken by regressive changes. In addition to these rapid 

changes, when the process of reactive gliosis is retarded for any length 

of time owing to extensive tissue damage, many of the hypertrophied 

astrocytes undergo hyaline degeneration. This change gives rise to 

pecuhar and atypical forms of ameboid and reactive glia. The cells 

appear swollen, and the cytoplasm has a peculiar homogeneous ground 

glass appearance when sections are stained by Mallory’s method. In 

gold sublimate preparations the cell body has a slate blue color. In 

many cells the expansions are broken off, giving rise to very irregular, 

ragged “coast line” appearances. In others, many of the expansions 

are preserved. Many unusual and bizarre pictures are thus presented. 

Variously sized and irregular vacuoles are often present. They may 

occur as perinuclear halos, as a lacelike meshwork in restricted portions 

of the cell, or as discrete and somewhat scattered spaces. Peculiar 

granules or inclusion forms are also observed. Small round or oval 

dark purplish granules, larger purplish crescents, or small diplococcoid 

forms enclosed within vascular spaces are commonly observed. Peculiar 

color patterns, with clumps of purplish granulations surrounded by a 

| 

| 

| 
| | 

| 

| 

| 



1376 IROHIVES Ol VEU ROLOG)S IND PSYCHIAT] 

Fig. 14.—Reeressive changes in the reacting neuroglia. « 1500. .1 shows a 

hyalinized astrocyte with ground glass appearance of the cytoplasm The nuclei 

are crowded to the periphery of the cell, one showing 

a perinuclear halo 

a large vacuole and another 

The lower pole of the cell shows a meshwork of small vacuoles 

Aniline blue method. 2B shows the formation of granules within the cytoplasm 

enclosed within small vacuoles. The granules are also seen in the degenerating 

peripheral portions of the cell. Phosphotungstic acid-hematoxylin. In C, an astro- 

cyte with double neuclet and granulation and vacuolization of the cytoplasm are 

seen. The large vacuole has a clump of central granules. Hematoxylin and eos 

/) shows a hyalinized cell as seen in the gold sublimate preparation 
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pink halo, are often observed. Mallory’s aniline blue method reveals 

red and blue granules in the nucleus, frequently associated with a large 

round reddish-purple structure surrounded by a clear halo. The nuclei 

are also frequently vacuolated. About some of the cells is often seen 

an irregular mass of débris, evidently broken up processes or degener- 

ated portions of the cell body itself, which stain purple with the 

aniline blue method. Figure 14 illustrates some of the more common 

types of regressive change. The appearance of such hyaline changes 

takes place only after an interval of some weeks (case 7, with a survival 

period of thirty-eight days) and ts possibly due to an impaired blood 

supply. 

The Replacement Function of Neuroglia—<As is the case with the 

other interstitial elements of the central nervous system, the glia cells 

have a definite kinetic as well as static function. In their normal state 

this function is largely a passive one. With the network of blood 

vessels they form the supporting structure of the brain, the ‘“vaso- 

astral framework” of Penfield. Following tissue damage the glia cells 

actively proliferate to form a glial scar, corresponding in this respect 

to connective tissue elsewhere in the body. In the end any extensive 

damage is replaced by the neuroglial cicatrix, by connective tissue, and, 

in some instances, by the accumulation of fluid. Reduced to its simplest 

terms the neurdglial scar may be said to have a space compensating 

function. 

rHE PROBLEM OF GENERALIZED GLIOSIS 

Echoing perhaps an impression of the layman that a person sus- 

taining a severe injury to his head is never the same thereafter, there 

has been a more or less subconscious notion among medical men that 

trauma results in generalized gliosis. The problem presents itself in 

this connection, considering, as we are, the neuroglial reaction to injury. 

\s we have not had the opportunity as yet to study the date general 

effects of injury to the brain, we can only presume what these might 

he, judging from the more acute lesions. General gliosis could neces- 

sarily take place only in the presence of some generalized tissue change, 

as occurs in syphilitic or arteriosclerotic disease. While it is recognized 

that general changes do occur following injury, these are due chiefly to 

a disturbance in the balance between the blood and cerebrospinal fluid 

(edema). It may well be questioned whether glial proliferation is thus 

stimulated. 

Our observations render this conception unnecessary in explaining 

the late sequelae of brain injury. We are therefore in accord with the 

observations of Neubtirger and Braunmiihl who found local tissu 

35. Neubtirger, K., and Braummiuhl, A. v.: Hirnverletzungen in Anatomie der 

Psvchosen, Handbuch des Geisteskrankheiten, Berlin, Julius Springer, 1930, vol. 12. 

29] p. 32 
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damage in the form of hemorrhagic extravasation, glial scar and eysts. 

In addition to the easily recognizable cortical and subcortical injuries, 

we have found small localized injuries in the cortex or in the subcortical 

white matter (fig. 15). These areas were often more or less devoid of 

normal nerve cells and fibers, and if the lesions were old enough, local 

glial proliferation occurred. In addition to such lesions, we have but 

to recall the changes following petechial hemorrhages of the centrum 

ovale with miliary cyst formation and ring gliosis. We think that the 

occurrence of extensive focal cortical damage, together with multiple 

Fig. 15 (case 9).—Small patch of hypertrophied and proliferating astrocytes 

in the cortex of the left parieto-occipital region, in a patient suffering a severe 

contusion of the right frontal lobe. Gold sublimate method, » 110 

distant cortical injuries, would account for considerable interference 

with the function of nerve cells. Furthermore, the frequently associated 

subcortical injury, together with multiple and often widespread foci 

of glial proliferation and cyst formation following petechial hemor- 

rhages, is sufficient to result in an interference of greater or less degree 

with the association tracts and projection pathways. Should a muid and 

veneralized eliosis be present, the iMportance of its effect on nerve cell 

and fiber function might well be questioned. The problem of general 

sliosis is far from settled by our observations, dealing as we are with 
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short survival periods in the majority of cases. To settle this point 

further study must be made in selected cases of persons who have sur- 

vived injury for several years. 

SUMMARY AND CONCLUSIONS 

In this contribution we have been concerned with the changes in 

classic neuroglia as the result of injury to the human brain. In the 

first few days following trauma, the astrocytes in the immediately 

adjacent area undergo regressive change with the formation of ameboid 

vlia. Inthe zone nearest the point of injury the cells undergo complete 

destruction. Beyond this zone of destruction active proliferation takes 

place. Here, within a few hours after injury, double nucleated forms 

indicate active direct cell division. In a rather narrow intervening zone, 

apolar, bipolar and unipolar forms have been found, which, because of 

their ready impregnation with gold sublimate, are probably viable cells. 

This is furthermore suggested by the presence in these cells of double 

nuclei having normal morphologic characteristics. We have interpreted 

these elements as regressive forms capable of reversible reaction. 

Gliosis occurs only as a result of tissue destruction. The degenerat- 

ing tissue probably serves as a chemical stimulant to the regional astro- 

cytes. In the formation of the glial scar, glia cells assume their active 

or kinetic function of space compensation in the process of healing. 

Extensively damaged brain tissue, which requires a rather prolonged 

activity on the part of the phagocytic mesoglia, delays for a considerable 

period the formation of the ultimate glial scar. The astrocytes taking 

part in this delaved reaction are themselves often victims of regressive 

‘hange, particularly of a hyaline nature. 

Judging from studies on comparatively recent cases, it seems likely 

that the neuroglial reaction is a purely local affair and consequently that 

generalized gliosis following head injury does not occur. The remote 

clinical sequelae of such injuries are largely to be interpreted on the 

hasis of focal and distant cortical injuries. In addition, there are numer- 

ous taterruptions in the connecting pathways incident to focal and sub- 

cortical injury, together with the changes following widespread petechial 

hemorrhages. In this sense localized gliosis is only a histologic mani- 

iestation of the damage which produces the symptoms. The changes 

in the nerve cells and fibers responsible for these svimptoms will be 

considered in a tuture contribution. 
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\n attempt is often made to characterize neuropathologic condi- 

tions by describing the changes of only one component of the tissu 

of the central nervous system Nissl himself was forced to give wy 

the search for specific changes of the nerve cells in different pathologic 

states, such as intoxications; but even today this search for specific 

alterations of the ganglion cells continues and claims of their existence 

are made. In the same way, descriptions of other individual components 

of the central nervous system tissue have been offered as adequate 

histopathologic characterization of a pathologic process and as a basis 

for neurologic distinctions. It is frequently overlooked that each com- 

ponent of the nerve tissue can react only in a limited number of ways, 

and that in consequence the same reactions may occur in very different 

conditions in response to very different causes. \What is necessary for 

the delimitation of a histopathologic process is an analysis of ihe 

changes of each component of the tissue, of the mutual relationship of 

ihese tissue components to one another and of the topographic dis- 

tribution of the pathologic changes. Krom this point of view a 

analysis of the histologic appearances in two cases will be presented 

It opens up vistas for the demonstration of certain similarities betweet 

the histopathologic pictures of three neuropathologic conditions, namely, 

diffuse sclerosis, disseminated sclerosis and dementia paralvtica 

REPORT CASES 

Case | ( i] \ man, aged 53, the Vite I peasa vas 

observed in the Schwabing Hospital Phe occurrence of neuropsychiatric « 

ditions in the family was denied by the husband The patient had four health 

children, their ages ranging trom 16 to 24. /ight vears before admission to the 

Submitted for publication, \lay 18, 1931 

From the German Research Institute for Psychiatr 

Protessor Oberndorter, director of the pathological department t! 

Schwabing Hospital, made possible i histopathologic examination in this case 
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hospital, she had a “kind of stroke” which affected chiefly the right side. She 

was in bed for four weeks. A weakness of the right side remained. A year later 

she had a second attack. Nocturnal enuresis was said by the husband to have 

existed since the beginning of the disease. The patient had many convulsive 

attacks, occurring several times a day. Apparently they were lighter at first, and 

then became more severe. She would begin to tremble, talk peculiarly, strike out 

with her arms and fall, often injuring herself. She also had attacks during which 

she drew together, became stiff, rolled her eyes, did not talk and finally fell down. 

Sometimes in attacks the muscles of the right side of the face were contracted 

She also was subject to fuguelike states during which she ran away and could 

not be found. She did not return to her habitual mental condition until some 

hours after the attacks. She became unsteady and tremulous, and even between 

attacks she was very excitable. She was admitted to the hospital in a semi- 

comatose condition. She did not react except for a slight movement of the eye 

lids when addressed in a raised voice. 

Examimation.—The positive observations were as follows: There was a cleft 

palate. The right upper arm and shoulder showed evidence of a recent injury. 

The left pupil was irregular and larger than the right; both reacted to light, the 

left one more than the right. There was no papilledema. When the head was 

turned to the side, the patient would open her eyes, wider if the head was turned 

to the right. The resistance was also stronger on the right than on the left side. 

The arms were flexed at the elbow to a right angle; they were markedly spastic 

and offered resistance to flexion and extension, more so on the right than on the 

left. The right hand and arm showed occasional spontaneous twitchings which 

also occurred in the lower facial area, especially on the right. During examination 

of the pupils, the patient raised the right arm jerkily, while the left remained 

at rest. The knee and ankle jerks were increased, but no definite spastic 

phenomena were noted. The legs were kept rotated inward, so that the feet 

crossed each other, a position to which the patient would always return. The 

tonus of the musculature of the right leg was more marked than that of the left 

Wassermann tests of the blood and spinal fluid gave negative results. 

Course.—During the four days of her stay in the hospital, the patient did not 

rouse from the deep somnolent state. The spontaneous twitchings decreased, and 

finally ceased. The spastic condition of the arms became somewhat less marked. 

The left pupil appeared wider, and finally did not react to light. The blinking 

reflex was demonstrable until a short time before death 

Vecrops General examination indicated confluent purulent bronchopneu- 

monia, beginning pleuritis fibrinosa, granular atrophy of the kidney and struma 

with hemorrhages 

Macroscopic Observations in the Central Nervous System and Extent of the 

Lesions as Determined Microscopically The gyri of the occipital and parietal 

lobes appeared somewhat atrophic. Otherwise nothing unusual was noticed on the 

surface of the brain. The vessels at the base showed some arteriosclerotic deposits. 

In frontal sections it was seen that the ventricles were enlarged. At the level of 

the posterior end of the thalamus on the left side there were sharply beginning 

atrophy and gray discoloration of the central white substance in the parietal lobe, 

along the upper margin of the pallium and the diagonally opposite gyri at the 

parietotemporal border. This atrophy and gray discoloration continued backward 

toward the occipital pole and forward toward the temporal pole, being easily 

recognizable from the hue of the white matter and the width of the cortex as 

compared with the width of the white matter. The tron reaction of Spatz was 

| 
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The thalamus appeared atrophic. The extent of the lesion was determined 

from frontal sections They were stained partly by the method of Kulschitzky- 

Wolter and partly by those of Spielmeyer, Holzer, Nissl and Herxheimer, Smaller 

pieces were impregnated with silver according to the method of Bielschowsky and 

a modified method of Cajal. In general it can be stated that the greatest exten 

of the focus was found at the border between the parietal and occipital lobes, It 

extended forward into the temporal lobe almost to the temporal pole. The 

farthest end of the focus was in the gyrus temporalis superior at the border 

between cortex and white matter, but extending into the cortex \nother arm 

of the lesion, which also involved the pulvinar thalami, reached into the cortex 

of the insula. It became smaller, until finally only the capsula externa and the 

myelinated fibers of the insular cortex were affected. On the right side was a 

lesion that had the same appearance and that was more or less symmetrical with 

the lesion on the left Its extent, however, was much smaller \t the border 

between the parietal and occipital lobes, the lesion was strictly limited to the 

Fig Frontal section (parieto-occipital border) Extensive diffuse 

demyelinization. Two small cortical foci in one occipital gyrus near the middle 

of the convexity Kulschitsky-Wolter preparation 

central white substance and did not involve the intragyral myelin fibers. Only in 

the right temporal lobe was the extent of the lesion practically the same as on the 

left, with the qualification that the white matter was not so severely affected 

\ frontal section (fig. 1) through the left hemisphere, approximately cor- 

responding to the border between the occipital and parietal hemispheres, showed 

that the myelin fibers of the corpus callosum were well preserved here only in the 

upper part. The part adjacent to the ventricle was strongly affected for a con- 

siderable distance, with the result that in the myelin sheath picture this area 

appeared very light. This lesion ended abruptly, and there was a sharply detined 

border between the lesion and the myelin fibers of the hemispheres. Above the 

gyrus hippocampus and also adjacent to the ventricle the lesion was pronounced. 

The fibers of the occipital region, including the stratum sagittale externum, were 

also much involved. The lesion usually came to a gradual end where the intra- 

gyral portion of the white matter began. The U-fibers of Meynert were for the 

most part fairly well preserved in comparison with the extensive involvement of 

the grav matter below these structures. There were, however, definite places 1 

4 
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which they also were affected. In one occipital gyrus near the middle of the 

convexity there were two smaller foci in the cortex. The radial fibers of the 

cortex were also involved, especially in the deeper layers. The condition did not 

affect individual gyri, but spread over several gyri indiscriminately. 

Another frontal section made nearer the occipital pole on the same side showed 

the same picture, but in a more pronounced form. Here also the myelin sheaths 

in the central white matter had almost completely disappeared, with the exception 

of the U-fibers, which were on the whole better preserved. The stratum sagittale 

externum was practically no longer seen. In contrast to this, the intragyral portion 

of the white matter seemed on the whole to be well preserved. However, in one 

gyrus adjacent to the fissura calearina the myelin sheaths were markedly 

decimated, and there were two larger foci extending into the cortex. In only one 

gyrus at the upper margin of the pallium had the myelin sheaths of the intra- 

Fig. 2.—Section through the temporal lobe. Note involvement of the posterior 

part of the thalamus. Myelin sheath stain (.4) and Holzer fiber stain (3). 

gyral portion of the white matter also completely disappeared. In this section, 

as in the previous one, the foci extended in several places into the mvelin sheath 

radiations of the cortex 

It is especially striking that the U-fibers were found intact in places wher 

the myelin sheaths of the cortex were destroyed. Thus it came about ‘that in one 

place nothing remained of the whole white matter except a narrow stripe of 

U-fibers that stood out distinctly, although the myelin sheaths of the cortex, 

including the Gennari stripe, had almost completely disappeared 

In the left temporal lobe the changes were much less pronounced and wert 

much more limited in extent than in the sections previously described (parietal 

and occipital lobes ) Here also one found the most marked change near the 

ventricle (inferior horn of the lateral ventricle). Then the lesion broadened 

into the white matter of the temporal lobe and was most marked in the first and 

second temporal gyri In this section also the lesion stopped abruptly In the 
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involved parts the myelin sheaths of the cortex were strongly affected. Special 

attention should be drawn to the participation of the thalamus. In the pulvinar 

the myelin sheaths were diffusely destroyed, and in the corpus geniculatum 

laterale they were diffusely decimated (fig. 

In a frontal section that passed through the substantia nigra and the nucleus 

ruber and also included the pulvinar, there was seen in the pulvinar and in the 

adjoining parts of the white matter of the insular cortex a focus that laterally 

was sharply detined against the cortical portion of the myelin sheaths, which were 

in part well preserved. As it passed downward, however, the focus diminished 

gradually. In the same section there was another part of the focus that progressed 

downward into the temporal lobe. 

Fig. 3—Focus of demyelinization in cervical part of the spinal cord in dittuse 

sclerosis. Myelin sheath preparation 

In the midbrain, pons and medulla no characteristic changes were found. 

In the cerebellum, numerous Purkinje cells with two nuclei were observed, an 

bservation that in view of the uncertainty of their significance will not be especially 

stressed. The white matter of the cerebellum showed an increase of glia with the 

Nissl stain. No changes were found in the basal ganglia or in the anterior part 

of the thalamus. No small foci were found in the opticus, which was, however, not 

examined along its whole length. 

In the cervical part of the cord (other parts of the cord were not available) an 

especially interesting condition was noted. There was a focal area of demyeliniza- 

tion which spread irregularly over almost half of the cross-section of the cord. 

In myelin sheath preparations (fig. 3) it appeared as a light area which reached 

n one side to the anterior horn, then—involving part of the posterior horn—spread 

to the periphery. It destroved the posterior columns of one side almost completely, 

ut also reached across the midline and involved the posterior columns of the other 
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side. Within the lesion not all parts were equally affected. In the periphery the 

original arrangement of the myelin sheaths was still preserved, although this area 

was markedly paled. Remnants of the myelin sheaths of the posterior horn could 

also be seen in the lesion itself. 

Small Foci in the Cortex: There were many small areas of demyelinization 

diffusely distributed over the cortex, which were visible to the naked eye in stained 

preparations. Most of them were round and a little larger than the head of a 

pin (figs. 1 and 7 A). Some were considerably larger. It could be seen 

microscopically that within these areas the myelin sheaths had degenerated. As a 

rule the areas were clearly delimited. They usually lay in the cortex, but some- 

times reached into the subcortical white matter. 

ye 

Fig. 4—Large fibroblastic astrocytes in the thalamus. Holzer ‘ ia fiber prepa- 

s gic Details —Myelin Sheath Stain: In the myelin sheath picture it was 

seen that the cerebral lesions showed rarefactions in which, however, only rarely 

had all the myelin sheaths completely disappeared. This complete disappearance 

{ the myelin sheaths was observed only in a few places in the occipital lobe. 

sually some relatively well preserved fibers were left. Pathologic changes of the 

myelin sheaths, such as tumefactions and swellings, were common. 

Holzer Glia Fiber Stain: The myelin sheath picture may be considered as the 

iegative of the ghia fiber preparation, which is the positive. For wherever lesions 

vere found in the myelin sheath stain, the Holzer glia fiber preparation showed an 

enormous fibrous gliosis, which kept more or less within the border of the lesion. 

\ wealth of fibrous astrocytes was seen (fig. 4) in the pulvinar and in the corpora 

geniculata laterale and mediale, as well as in all those places where the lesions 
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Herxheimer Fat Stain: Three types of pictures were observed. First, there wer 

areas in which lipoids were found only in the adventitial spaces and there only in 

small quantities. This was the case in practically all the lesions described. Secondly. 

there were two areas in which a great deal of fat was found. Over a considerable 

area in the parietal lobe, directly under the cortex and near the border of the 

lesion, there was evidence of fresh Abbau. Fat occurred here in compound 

granular corpuscles which were evidently of glial origin. The adventitial sheaths 

of vessels in the immediate vicinity of this place also contained many scavenger 

cells laden with fat. Similar evidence of recent fat Abbau occurred in the cord 

Thirdly, this type of fat picture occurred only in the thalamus, where there was 

much lipoid material in the glia cells. The lipoid did not stain bright red, as did 

the scavenger cells in the vessel sheaths. Much lipoid pigment also occurred in the 

ganglion cells in the thalamus. 

Nissl Stain \ gliosis within the lesions was apparent here also. One observed 

further that the larger vessels within the lesion showed considerable lymphocyti 

infiltration. There was also a very slight infiltration of the meninges. In the 

cortex definite changes could be seen. The first layer often seemed broader and 

richer in glia than is usual, and the glia cells there often contained pigment (lipo- 

tuscin). In the regions where the lesions were most extensive, especially in the 

occipital lobe, the cortex showed an increase in glia. There were many small areas 

where the ganglion cells had disappeared 

In the posterior part of the thalamus and in the pulvinar (included in the lesion 

the number of ganglion cells had greatly decreased. The remaining cells containe 

much pigment. In the anterior parts of the thalamus there were no focal changes, 

but here also the number of nerve cells had decreased over diffuse areas 

In the central region the deeper layers of the cortex were considerably involved 

Here too the number of nerve cells was reduced. The cell bodies were rounded and 

pale and stained homogeneously. The nuclei were dark and were usually situated 

at the periphery of the cell. This picture of acute swelling was very evident in the 

Betz cells. They appeared swollen and pale; the nuclei were at the periphery of 

the cell bodies, and the processes were seen for a longer distance than usual. The 

glial satellites sometimes showed mitotic forms. In the upper layers of the cortex 

the acute swelling was less definite. Cells had dropped out there, too, but to a 

smaller extent 

Bielschowsky and Cajal Stains: The impregnation of nerve fibers according t 

Bielschowsky and Cajal showed a certain agreement with the myelin sheath stat 

as to the condition of the nerve fibers. Where the process was most intense, scarcely 

any nerve fibers were left Where the process decreased, near the margin of the 

lesions, more and more axis cylinders were found. The fibers that remained wert 

altered. Sometimes they were swollen and twisted like corkscrews ; sometimes they 

showed only tumefactions and local swellings or ball-like terminations.  In_ the 

region of the cornu ammonis were small patches, somewhat like fine threadlike 

conglomerations, which were well impregnated with silver. In some places thes 

were numerous They also occurred 1 the fascia dentata They were senile 

plaques resembling the so-called feltwork (Filzwerke) 

Histologic Details of the Lesion in the Cord.—lIn the mesial parts of the 

lesion the fat stain showed relatively little fat; it was contained in glia cells that 

did not form compound granular bodies. Near the margin of the focus there was 

much more fat, and here it occurred in scavenger cells as well as in fixed glia cells 

The vessel sheaths in the center of the lesion and at the periphery contained 

considerable amount of lipoid material in scavenger cells 
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The glia fiber preparation (Holzer stain) showed a dense fibrous gliosis 

approximately corresponding to the limits of the lesion, as indicated by the myelin 

sheath stain. Sections stained with cresyl violet showed a marked proliferation of 

glia, mainly protoplasmic glia, around the whole margin of the lesion. The anterior 

horn cells were well preserved and did not seem to be reduced in number. The 

cells of both posterior horns (one of which was included in the lesion) also seemed 

normal. In other segments of the cord a diffuse fibrous gliosis was observed over 

the whole cross-section, most pronounced at the junction of the white and the gray 

matter. 

The axis cylinders, according to the Bielschowsky preparations, were much less 

involved than the myelin sheaths. In the posterior horn, tumefactions and swellings 

of the nerve fibers could be seen, but these changes were not pronounced. 

COMMEN1 

While most of the observations reported speak for themselves, 

some need a discussion of their interpretation and significance. The 

changes in the posterior part of the thalamus, especially in the pulvinar 

and the mesial and lateral geniculate bodies, were a primary effect of 

the pathologic process. This is evident from the fact that the patho- 

logic changes were not restricted to these structures, but indiscrimin- 

itely affected the adjacent parts as well. If, for example, the changes 

in the pulvinar had been secondary and due to involvement of the optic 

radiation, which it is true was very great, the changes described would 

have been restricted to the pulvinar and would not in the same manner 

and intensity have affected the other parts of this whole region. 

The absence of fat within the lesion indicates that in the main the 

lesion was the etfect of a chronic process. This tallies with the clinical 

history, according to which the disease lasted eight years. In only 

two places was fresh Abbau of lipoid material found. In these places, 

therefore, the pathologic process was not ended. One of these more 

recent lesions was the focus in the cord; the other was near the margin 

of the main lesion in the brain, namely, in the left parietal lobe. From 

the latter area important conclusions as to the topographic progress of 

the lesion can be drawn. In those parts lving near the center ~* the 

iesion, no fat Abbau was found. As one approached the margin of 

the lesion, where there was fresh fat Abbau, a small region was first 

neountered where lipoid material was present only in the vessel 

sheaths and not in the nerve tissue. Finally, as the region was reached 

where the effects of the pathologic process were more recent and appar- 

ently still continuing, fat was found in numerous compound granular 

corpuscles in the nerve tissue and in the perivascular spaces. This 

distribution would indicate that the pathologic process progressed from 

inside outward, as has also heen suggested by Gans and by Bielschowsky. 

The Ivinphocvtic infiltrations of the blood vessels probably denote 

not a truly inflammatory phenomenon, but a secondary reaction. ne 
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may conclude this from the fact that perivascular infiltrations were found 
in the larger vessels only, and from the disproportion between the main 
changes and the inflammatory phenomena. 

The relationship between the histologic pictures presented by the 

fat stain and by the glia fiber stain of the lesion of the cord is of 

special significance. The fat stain showed a fair amount of lipoid 

inaterial, evidence that Abbau phenomena were still continuing. The 

process, therefore, could not be a very old one in this region. The Holzer 

preparation showed an enormous fibrous gliosis in the same area. This 

would indicate that a strong proliferation of fibrous glia may occur 

early, e. g.. even in the acute or subacute stage 

The most conspicuous manifestations in this case were: an exten- 

sive and intense continuous demyvelinization, with less pronounced 

involvement of the axis evlinders. mainly in the white matter of the 

occipital, parietal and temporal lobes; an enormous fibrous gliosis cor 

responding to the demyelinated areas; more or less symmetrical distri- 

bution on both sides, and chronicity of the process—although in tw 

small places there was evidence of subacute stages. From these char- 

vroup ot those of acteristics one may include this case in the large ; 

diffuse sclerosis Since under this term heterogeneous groups are sub- 

sumed, one may make the diagnosis of ditfuse sclerosis more specific 

by the statement that the condition occurred in an adult, ran a chronic 

course, and was more of the degenerative than of the acute infectious 

variety. 

Two features of the case need especial emphasis. (ne is the involve- 

ment of the gray matter. In the pulvinar and the lateral and medial 

geniculate bodies there was diffuse demyelinization not explainable as 

retrograde or secondary degeneration (fg. 2). The nerve cells were 

also affected, and there was proliferation of fibroblastic astrocytes with 

marked fibrous gliosis (fig. 4+). The cortex was also involved. In the 

literature on diffuse sclerosis the statement can frequently be found 

that the process comes to a halt at the U-fibers, and that therefore th 

1. The large literature on diffuse sclerosis can be found in the following 

recent publications Gasul, M Schilder’s disease (Encephalitis periaxialis 

diffusa), Am. J. Dis. Child. 39:595 (March) 1930. Gagel, O.: Zur Frage der 

diffusen Sklerose, Ztschr. f. d. ges. Neurol. u. Psychiat. 109:418, 1927. Jakob: 

Die “diffttse Sklerose” des Grosshirnmarkes spezielle Histopathologie des Gross- 

hirns, Vienna, Franz Deuticke, 1929. Globus, J. J.. and Strauss, Israel: Progres 

sive Degenerative Subcortical Encephalopathy (Schilder’s disease), Arch. Neurol. 

& Psychiat. 20:1190 (Dec.) 1928. Bielschowsky, M., and Henneberg, R Ueber 

familiare difftise Sklerose, (1 

J. f. Psychol. u. Neurol. 36:131, 1928. Stewart, T.; Greenfield, J. G., and Blandy, 

M. A Encephalitis Periaxialis Diffusa, Brain 50:1, 1927. Bielschowsky, F 

Die Bedeutung des Infektes fur die difftise Sklerose, zugleich ein Beitrag zur 

Klinik und Pathologie der difftisen Sklerose, J. f. Psychol. u. Neurol. 33:12, 1927. 

eukodystrophia cerebri  progressiva hereditaria 
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cortex is not involved. It was clearly demonstrated in this case, how- 

ever, that although the U-fbers may remain intact, a study of the 

myeloarchictectonics of the cortex above these U-fibers may show a 

very severe involvement of the myelin sheaths in the cortex. 

In the myelin sheath preparations, three types of involvement of the 

mvelin sheaths of the cortex could be distinguished. First, there are 

places where the U-fbers were destroyed and the lesions reached into 

the cortex. Second, the cortex was severely affected in places where 

the U-fibers were still‘intact. Third, small patches of demyelinization 

could be found which were sharply defined and lay either entirely in 

the cortex or partly in the subcortical white matter and partly in the 

cortex. 

In Nissl stains of the cortex there were diffusely distributed areas 

where ganglion cells had been destroyed. The acute swelling found 

especially in the Betz cells, but also to some extent in other ganglion 

cells, cannot be regarded as belonging directly to the manifestations of 

the main pathologic process. Does this involvement of the gray matter 

take the case out of the group of diffuse sclerosis 7 I believe that too much 

emphasis has been put on a schematic contrast between involvement 

of the white and of the gray matter. One has attempted, for example, 

to use this contrast for a differentiation of the blastomatous forms of 

ditfuse sclerosis, e. g.. of gliomas of the central white matter of the 

hemispheres and of infectious degenerative forms. It seems, how- 

ever, that in gliomas the gray matter may be spared, while in diffuse 

sclerosis involvement of the gray matter frequently occurs. Especially 

incorrect is the statement that the intactness of the U-fibers is an indi- 

cation of the intactness of the cortex. Involvement of the striatum, 

thalamus and geniculate bodies is mentioned in a number of reports of 

cases of diffuse sclerosis—changes in the gray matter that cannot be 

entirely due to retrograde and secondary degeneration. \Vith reference 

to the changes in the thalamus in one of his cases Bielschowsky stated 

this expressly, saying that without doubt along with the fibers of the 

white matter many ganglion cells are directly destroyed. In an early 

case of diffuse sclerosis Bodechtel and Gutmann * described encephalitic 

changes involving gray and white matter. On the whole, finer changes 

in the gray matter, as seen in the Nissl picture—for example, the 

occurence of acellular areas—do not seem to have been sufficiently 

investigated in fully developed cases. The involvement of the gray 

matter in the case discussed here, therefore, would not rule out the 

diagnosis of dittuse sclerosis. 

2. Bodechtel, G., and Gutmann, E.: Diffuse Encephalitis mit sklerosierender 

Entziindung des Hemispharenmarkes, Ztschr. f. d. ges. Neurol. u Psychiat. 133: 

M01, 1931 
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The occurrence in the cord and in the cortex of small areas of 

demyelinization, which in themselves cannot be distinguished from 

plaques of multiple sclerosis, might present greater diagnostic difficul- 
ties. The problem of the differential diagnosis between multiple 

It would seem 

to me that one may speak of the present case as one of diffuse sclerosis 

sclerosis and diffuse sclerosis therefore presents itself. 

for the following reasons: Such large continuous lesions as the one found 

here, involving a good part of the central white matter of several lobes, 

are not usually observed in disseminated sclerosis. (‘The case of Gans 

is so far an exceptional observation. In this case there was a dif- 

fuse continuous bilateral sclerotic lesion reaching from the frontal to 

the occipital pole.) On the other hand, small lesions not distinguish- 

able from those of disseminated sclerosis have been seen in a number 

of cases of diffuse sclerosis. They have been reported as occurring in 

various locations, as in the opticus, pons, medulla oblongata and hemi- 

spheres (Hallervorden). The possible occurrence of such lesions in 

the spinal cord has been neglected. Hallervorden discussed small lesions, 

but did not mention that they may occur m the cord. According to 

Jakob, the cord usually shows only evidence of secondary degenera- 

tion. Beneke also regarded very large foci of sclerosis in the cord in 

his case as due to secondary degeneration. Bielschowsky mentioned in 

the report of his first case (in the second case the cord was not avail- 

able) that the possibility of the exisience of a primary patch of demye- 

linization in the cord could not be ruled out. There was a bilateral 

area of secondary degeneration in his case, sharply delimited to the 

area of the lateral pyramidal tract. In this area of demyelinization the 

number of persisting myelinated fibers was, however, much smaller 

than one is wont to find in secondary degeneration (overlap of rubro- 

spinal tracts and existence of short neurons). Bielschowsky considered 

the interesting possibility that a descending degeneration covered up a 

primary process of demyelinization in the cord. The occurrence of 

small areas of demyelinization in the cortex, such as was demonstrated 

in my two cases, is regarded as so characteristic of multiple sclerosts 

that Hallervorden considered their absence in diffuse sclerosis as a 

differential diagnostic sign. Gagel considered the absence of small 

focal areas of demyelinization m the spinal cord and cortex as so 

characteristic of diffuse sclerosis that he regarded them as one of the 

differential diagnostic signs between diffuse sclerosis and [’elizaeus- 
7 

Merzbacher disease, in which one finds such lesions. 

3. Gans, A De Uitbreiding der Zickelijke Veranderingen bij een Geval 

van Sclérose en Plaques met diffuse Hernensclerose als Bewijs voor het Naar 

Buiten Treden der Sghadelijkheid door den Wand der Ventrikels, Nederl. tijd- 

schr. v. geenesk. 69:533, 1925 
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In summary, one may say that circumscribed lesions in the cord 

in diffuse sclerosis have received inadequate attention. Involvement of 

the cord has been regarded either as evidence of secondary degenera- 

tion or as a pathognomonic sign that the case was one of multiple and 

not of diffuse sclerosis. It seems important that, as in the case reported 

here, small focal areas of demyelinization may occur in diffuse sclerosis 

in the cord, far away from the large area of demyelinization in the 

cerebral lobe 

Such small foci of demyelinization in the cortex as those seen in this 

case have not been mentioned in the large literature on diffuse sclerosis 

They are described here for the first tim 

It seems that these small areas of demyelinization do not rule out 

the diagnosis of diffuse sclerosis, but that they may be considered as 

new feature ot this condition 

Since case 2 presents many histopathologic similarities to case 1, it 

ll be presented more briefly 

( 2 Krom t vailable data was wssibdle t 

etermuine s dition | ( i t tron 

eleven to twelve vears Lh patient was hrst admitted to the hospital at the age ot 

) One brother was said to have suffered trom a nervous disorder. The patient 

earned moderately well in school \iter the World War, tremor of the extremi- 

ties, especially ot the right arm and leg, developed. He had to give up work as a 

ibore ‘ He | ime vé ex ble. The tremor in the arms and legs 

vas easily provoked when he became in any way emotionally stirred. He hai 

casiona eadache more frequently on the right side. and vision was at times 

lurred. About one or two years betore admission, he began to sleep a great deal 

would also tall asleep during the day while sitting at a table or in the theater 

he leaned against a pillar Chis readiness to fall asleep during the day was als 

ticed in the ospital, a gave rise to the diagnostic impression of a post 

phal tic t 

i The pupils we moderately rge and ¢ eact to light 

hey responded very little in accommodatior the leit arm was atrophic, owing 

to a trauma suffered when the patient was a child. The tendon reflexes wert 

stronger on the right than on the left There was no Babinski sign and 

l s The abdominal retlexes were absent Intention tremor was noticed 1n 

both hands In the Rombere position a marked tremor of the right arm was 

ticed he patient walked with a can but was able to walk without it lle 

mplained of pains in the muscles on pressure, and also when putting on his 

trousers Speech was scanning, and during conversation became very much 

disturbed and indistinct Phe Wassermann reaction of the spinal fluid was 

negative the masti curves Vas 1 rmal ré were S cells pct millimeter 

fluid n the hospital there was once incontinence of urine \ diagnosis ot 

mu It pl I Sis is mack 

Cours The patient was readmitted to the hospital several times, once aftet 

g talle the stree (ince, between admissions to the hospital, he mis 

Dr. Neubtirger, prosector of the Deutsche Forschungsanstalt fir Psvchiatri 

| 

| 

| | 

pr ided rtunit tor mvestigatine this ine 
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appropriated funds, for which he was sentenced to four weeks in jail. At that time 

he wanted the physicians to declare him not responsible on account of his nervous 

condition. He drank a great deal, was observed to approach women and girls op 

the street, showed a tendency to make homosexual advances, was arrested for 

egging, and seems to have drifted into a kind of behavior that necessitated admis- 

sion to a state hospital There he had a tendency to silly pranks \t times he 

was very irritable, and had states of great excitement In view of the fact that he 

sought compensation for war service a large part of his behavior was ascribed to 

simulation. Five years before death, epileptiform attacks appeared. They began 

the left side of the face, and then spread to the right arm and leg They 

lasted from three to four minutes. The patient died at the age of 37 after a series 

epileptiform attacks 

Lutops\ Chere was hypostatic pneumonia There were endocardial hemor 

rhages in the left ventricle and hemorrhages in the pleura of both lungs and in the 

mucous membranes of the stomach and duodenum. 

Macroscopic Observations of the Central Nervous System The surface of 

the brain appeared normal. In frontal sections through the right hemisphere a 

gray discoloration of the white matter was seen in the section corresponding to the 

border of the occipital and parietal lobes. This discoloration was most pronounced 

near the posterior horn of the ventric It reached from there in all directions. 

especially into the basal parts of the occipital lobe Phe gray hue was not uniform, 

being more intense in the center of the lesion and merging with the normal color 

f the white matter toward the outside edges 

In sections passing through the more anterior parts of the brain the extent 

f the sion could not be rece enized We It became smalle ind seemed to 

pe restricted to the more central parts. A slight gray discoloration could still be 

seen near the interior horn of the lateral ventricle in the temporal lobe From 

the region of the ventricle some branches reached toward the cortex. At the place 

where the anterior end of the thalamus begins, sections still showed slight 

‘discoloration of the white matter 

Phe changes in the left hemisphere resembled those in the right, and so far as 

ould be determined macr scopically they had the same extent 

Microscopic Observations Various parts of the brain were examined 

microscopically with the aid of the usual survey and analytic methods. On 

iccount of the possibility of the occurrence of small foci, special attention was 1 

given to the cerebellum, pons, medulla and spinal cord, as well as to the cerebral 

cortex. The opticus was not availabk 

In the myelin sheath picture the cerebral lesion showed characteristics 

similar to those of case | At the border of the parietal and occipital lobes, for 

example, the demyelinization was most pronounced at the center of the lesion, in 

the vicinity of the posterior horn of the ventricle (fig. 5). From there it spread in 

ill directions. It decreased in intensity both diffusely and locally he staining 

propensity of the white matter as a whole was decreased in places, so that the 

whole central white matter of a given area appeared light, or there were lighter- 

stained patches in regions where the myelin sheaths were generally well preserved 

In comparison with case 1, the demyelinization did not reach so far into the 

intragyral portion of the white matter of the individual gyri. The U-fibers were 

for the most part well preserved, so that they stood out against the d mvelinated 

regions. However, in a number of places the U-fibers also were involved. In on 

preparation, for instance, there were four places in which both the U-fibers and 

the cortex above them were very much involved. In one region this was especially 
1 ] 

onspicuous because the Gennari stripe as well as the radiary fibers was destroyed, 

| 

| 

| 
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s» that the whole cortex appeared almost completely demyelinated. In one gyrus 

there was in the cortex a small focus about the size of a pinhead, similar to those 

lescribed in case 1. In this case, however, there was not complete demyelinization, 

but only a paling, which was visible to the naked eye. 

In the frontal lobe the continuation of the lesion appeared again most 

yonounced in the central region near the lateral ventricle (myelin sheath stain), 

and it reached to the fibers of the corpus callosum in the hemispheres. From the 

entral portions to the gyri, the lesion gradually decreased. 

In sections through the basal ganglia one saw a continuation of the lesion, with 

omplete demyelinization above the putamen near the lateral ventricle. It reached 

, short distance into the capsula interna and the upper part of the claustrum. 

From there on laterally it was seen again that the white matter of the hemispheres 

ippeared diffusely light. In the upper corner of the putamen there was a small 

Focis There was also in the lowest part of the section a large, round, 

ig. 5.—Section through occipito-parietal border. The Holzer glia fiber prepa 

ration (48) demonstrates the diffuse extent of the lesion better than the myelin 

sheath preparation ( 

lacroscopically visible focus. The putamen, particularly in its upper parts, showed 

marked status fibrosus In the same section there was a small, also macro- 

scopically visible focus in the anterior nucleus of the thalamus. Whether these 

foci in the basal ganglia were in connection with the large lesion was left 

indetermined. The myelin sheaths which were still visible within the lesions 

showed on the whole no pronounced, changes. 

In Herxheimer fat preparations, no signs of fat Abbau were seen. Only in 

ne place near the parietal occipital border a few compound granular corpuscles 

laden with fat were seen around a vessel. 

Even macroscopically, it could be seen in Holzer glia fiber stains that the gliosis 

xtended much farther than the demyelinization indicated in the myelin sheath 

reparations (fig. 5) In places where demyelinization was most complete the 

gliosis was most intense, but it was also very pronounced in the intragyral portions 

| 

od 
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of the white matter. The white matter was filled with dense fibers, and where 

the process reached into the cortex fibroblastic astrocytes were found in the 

deeper layers of the cortex Frontal sections showed the same kind of hbrous 

gliosis, and gave also the impression of a considerable overlapping of the borders 
of the lesion as was indicated in myelin sheath stains. The same condition was 

revealed by sections through the basal ganglia, where the densest gliosis occurred 

in the lesion above the putamen, which has been previously described 

\ considerable gliosis occurred also in the whole capsula externa and in the 

intragyral portion of the white matter of the insula \ rather massive gliosis 

was tound in the lesion in the thalamus In contrast to this, tl focus in the 

lower part of the putamen was relatively poor in fibrous glia. Here were foun 

nly perivascular glia fibers and a few large fibroblastic astrocytes near the smaller 

vessels and in the tissue In the upper part the putam vhere a status 

hbrosus was f gliosis Was pres 

Phe prepara S stained cording t ICIS Vs bril st 

wit tiie myeli sheat Stains last ( regi 1 t nce 

demyelinization also showed the st ‘ e dest € axis cvlinders 

B 1 1 pla vas the ce im Ia Ss ¢ lers S mite s¢ is that ot ¢ 

! elin sheaths Finer changes « the a s cylinders were t ‘ marke 

Wit the Nissl sta CNaracteristic ¢ inges of ganegl cells re not te 

Che meninges ere slightly infiltrate mphocyvt ells 

1 n place The vessels sul tica viite matt siig 

filtration w mphocvtes | cent irts t the k \ ( the 

most pronounced ghiosis, look th t Nissl s : due t 

that 1 the outer parts tin es e glia cells Mor 

hnereas in the central parts where t glial ne is thickest tl ¢ re tewer cells 

n the cerebellum there we ‘ symmetrical les bet wee the nucleus 

( tatus and the brachia conjuncti ten the cent parts of thes 

ke ns there ractically mpiet demvel it The ce itt cle were 

ed in the most pronounced parts e | \not S the sam 

ccurre the white matt yer r 

probably connecte The mvelin fibers that remained e les ved various 

pathologic changes—swellings, tumefactions, et In several plac e mye 

sneaths of the ex were involved is the Ve! n tl cerel il te 

With the Holz tain, a diffuse fibrous gliosis was show hrough the 

region, Of var intensit lhe Bergmann glia fibers were not increased 

pronounced glhios n the intralobu part the white matt vas ver triking 

even 1 places vhere the mvel sheat Sta die t allow the re gnitiol I al | 

p thologic cl This was similar t pservations in the cerebrurt 

One lest the cerebellur deserves ) al attention 

histologic peculiarities. Whether or not it was in connect vit er lesions 

that region was not determined. Within a completely demyelinat irea, small 

reas of intact myelin sheaths stoos ut eT clear] stained | several cases 

it could be seen that the were if d bl | essels, i oOps¢t it rine 

in Gieson preparations The mvelin sheaths these intact islands seemed 

run very irregularly, although main iround the blo essels. With Bielschow 

sky stains thes« horls showed the ume structure. with neurofibrils going in all 

cirecti ns 

There was little doubt that the les : the cerebellum were connectior 

with lesions pons and m l LS through the pons, the 

tegmentum ac iffuse light pp i mvel sheat repa il 
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glia fiber stains showed considerable gliosis. In the middle of the pons there was 

also a small completely demyelinated area. 

No fat was demonstrated in the cerebellum or pons. The nerve cells of the 

cerebellum showed no significant changes. There was a very slight infiltration 

of the blood vessels within the lesions 

The cervical part of the cord showed in myelin sheath preparations a paling 

in the region of the posterior columns. To this corresponded a marked fibrous 

gliosis. Besides this there were in the lateral parts of the posterior column two 

small round lesions with well defined borders, in which no myelin sheaths were 

stained and in which an intense fibrous gliosis occurred (fig. 6 4). 

Comment.—The main features of this case were: large continuous 

symmetrical lesions with demyelinization and fibrous gliosis in the 

cerebral hemispheres reaching from the occipital to the frontal lobes, 

Fig. 6.—Small foci of demyelinization in the spinal cord in diffuse sclerosis 

(A), multiple sclerosis (2) and dementia paralytica (C). Myelin sheath prepa- 

rations 

occasionally invading the gray matter (cortex, putamen, posterior horn ) ; 

similar lesions in the cerebellum and medulla oblongata which were 

seemingly connected and therefore also formed a rather large lesion. 

Besides this, there were smaller lesions, of which the two foci in the 

cervical part of the cord deserve attention in connection with the present 

study. These small foci were far away from the large lesions and 

cannot be explained as due to secondary degeneration. The whole 

picture was a chronic, even a terminal one; there was no evidence of 

acute “Abbau” phenomena 

Diagnostically, the same considerations apply as in case 1. Thi 

process in the cerebrum may be subsumed under the diagnostic heading 

ot diffuse sclerosis, of a variety with an eminently chronic course, in 

| 
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an adult and of a more degenerative than infectious nature. What was 
said concerning the involvement of the gray matter in case 1 applies here 
also. It does not speak against the diagnosis of diffuse sclerosis, because 

while this involvement of the gray matter is usually neglected in dis- 

cussions of diffuse sclerosis, it is nevertheless a feature that is mentioned 

in not a few of the published reports of cases. For the smaller lesions. 

the same considerations that were made in case 1 apply with regard to 

the differential diagnosis of disseminated sclerosis. The case has 

undoubtedly great similarity to forms of disseminated sclerosis. 

The small lesions in the spinal cord in this case have to be con- 

sidered, with the lesions in the cortex and cord in case 1, as a feature 

hitherto not demonstrated in diffuse sclerosis. One might think of a 

special form of diffuse sclerosis that is, as it were, complicated by such 

smaller lesions. Should one make such a distinction, one would have 

to reckon the case reported by Gans as belonging to the same group. 

But it is more likely that such smaller lesions are not altogether alien 

to diffuse sclerosis, and that they can occur in this condition, although 

they have so far either been overlooked or not previously demonstrated. 

GENERAL COMMENT 

The occurrence of such small focal areas of demyelinization in 

different parts of the central nervous system, involving especially the 

cortex but also the cord, is not restricted to diffuse sclerosis. Such 

lesions are also found in dementia paralytica. The ditfuse destruction 

of myelinated fibers in dementia paralytica has, of course, long been 

recognized. The small focal patches of demyelinization, on the other 

hand, were long neglected. They received little attention and were 

regarded as artefacts. The first description of them was given by 

Borda,’ who also drew attention to their similarity to lesions in multiple 

sclerosis, and later they were described by Fischer.’ Fischer found 

these “spotty areas of demyelinization” in thirteen of twenty-five cases 

of dementia paralytica. In one case the lesions were found in the left 

precentral convolution in a patient who had had paralysis of the right 

arm. Spielmeyer® drew attention to the possibility of their occur- 

4. Borda, ft. S$ Paralysie générale progressive. Extrait de la Sociedad 

medica argentina, Buenos Aires, 1906; quoted by Fischer, O Wien. klin. Wehn- 

schr., vol. 19, 1906 

5. Fischer, Oskar: Ueber einen eigenartigen Markfaserschwund in der Hirn- 

rinde bei Paralyse, Wien. klin. Wehnschr., vol. 19, 1906 

6. Spielmeyer, W Ueber einige anatomische Ahnlichkeiten zwischen 

progressiven Paralyse und multipler Sklerose (Untersuchungen ueber herdfor- 

migen Markfaserschwund bei Paralyse), Ztschr. f. d. ges. Neurol. u. Psychiat. 

11:660, 1910 
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rence in the spinal cord. Later, Kufs? found the same lesions in the 
spinal cord and in the medulla oblongata. It is not necessary here to 

consider the nature of these focal areas of demyelinization in dementia 

paralytica. They have been described by Kaes, Borda, Fischer, Siemer- 

ling, Spielmeyer, Kufs, Bielschowsky, Jakob and others. A report of a 

case of dementia paralytica published by Riese,* in which focal lesions 

were found in the cord does not, however, belong to this group. The 

involvement of the cord in this case seems to have been due largely to 

syphilitic affection of the blood vessels. 

Bielschowsky,” in 1919, referred these focal lesions in dementia 

paralytica to the “inflammatory side of the paralytic process.” He found 

in fresh lesions a sharply delimited hyperemia of the capillaries and 

changes in the ground substance referable to edema and sponginess of 

the tissue. From these signs he regarded the local process as an inflam- 

matory one. Jahnel '® expressed the view that the focal demyelinization 

might be due to colonies of spirochetes. He has observed that such 

focal colonies of spirochetes do exist, besides their diffuse distribution 

throughout the central nervous system. But this coincidence cannot be 

demonstrated because the focal areas of demyelinization might develop 

after the spirochetes have already disappeared, quite apart from the 

fact that it is not possible to combine myelin sheath and _ spirochete 

stains. According to Jahnel, there is between these small focal areas 

of demyelinization and the large foci of the Lissauer type of dementia 

paralytica a difference only of degree, whereas Bielschowsky would 

adduce other factors also for the development of this “lobar paralytic 

sclerosis,” namely, the status spongiosus of the cortex and the unusually 

severe involvement of the subcortical white matter. Steiner '' recently 

expressed the view that these small foci of demyelinization in the cortex 

in dementia paralytica have a relationship to a special type of degenera- 

tion of the spirochetes, their extracellular degeneration. Spielmeyer has 

drawn attention to the striking similarity between these foci in dementia 

paralytica and the typical lesions of multiple sclerosis. 

7. Kufs, H.: Ueber den herdf6rmigen Markfaserschwund und die poly- 

sklerotischen Formen der Paralyse. Zugleich ein Beitrag zur Pathogenese der 

multiplen Sklerose, Ztschr. f. d. ges. Neurol. u. Psychiat. 75:289, 1929. 

8. Riese: Rtickenmarksveranderungen eines Paralytikers. Arch. f. Psychiat. 

60:1, 1919 

9. Bielschowsky, M.: Ueber Markfleckenbildung und spongidsen Schichten- 

schwund in der Hirnrinde der Paralytiker, J. f. Psychol. u. Neurol. 25:72, 1919. 

10. Jahnel, F.: Ueber einige Beziehungen der Spirochaten zu dem paralytischen 

Krankheitsvorgang. Ztschr. f. d. ges. Neurol. u. Psvchiat. 42:21, 1918. 

ll. Steiner, G.:  Krankheitserreger und Gewebsbefund progressiver 

Paralyse (Pathogenese des herdf6rmigen Markscheidenzerfalls, Allg. Ztschr. f. 

Psychiat 93: 384, 1930 
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Since it has been demonstrated in this study that such focal areas 

of demyelinization may occur in the cortex and the spinal cord in diffyse 

sclerosis, one may say that the same type of lesion may exist in the brain 
and spinal cord in multiple sclerosis, dementia paralytica and diffyse 

sclerosis. ‘This similarity is striking enough to warrant an attempt to 

find out whether finer histologic analysis can reveal any significant dif- 

ferences. Spielmeyer has pointed out the great similarity between these 

lesions in multiple sclerosis and dementia paralytica. He stated (1929) 

that he knew no process except dementia paralytica in which lesions 

occur so similar in every respect to those of disseminated sclerosis. 
I have studied the nature and occurrence of these lesions in a con- 

siderable number of cases of multiple sclerosis and dementia paralytica 

With the exception of their number and topographic distribution, no 

characteristic differences from the small foci in diffuse sclerosis were 

found (figs. 6 and 7). It seems, therefore, that the circle of conditions 

similar in some respects can be extended to include diffuse sclerosis, 

Apart from the occurrence of these small areas of demyelinization in 

the cortex and in the spinal cord, Spielmever called attention to two 

other similar features of multiple sclerosis and dementia paralytica: 

the plasma cell infiltration of vessels and meninges and the occurrence: 

of diffuse demyelinization on the cortex aside from these “plaques.” 

Both these features may also occur in diffuse sclerosis. It is interesting 

that there exists another similarity between diffuse sclerosis and 

dementia paralytica that 1s not usually considered, namely, the existence 

of diffuse sclerotic lesions in the white matter. Gianulli '* reported a 

case in which there was diffuse sclerosis in the white matter and in 

which he could demonstrate the presence. of spirochetes. He considered 

the case as one of diffuse sclerosis. It seems lkely from the author's 

description, however, that this was a case of dementia paralytica. | 

have also had occasion to see a case of dementia paralytica '* in which 

there was extensive sclerosis in the white matter, which could not be 

regarded as due to a process of secondary degeneration 

The main difference between the three conditions that show these 

small areas of demyelinization lies in the number of the lesions, their 

general distribution in the central nervous system, and of course their 

association with the other histopathologic reactions of the central 

nervous system in each disease. 

The small lesion of the cord in the second case of diffuse sclerosis 

( fig. 8) A ) resembles ver\ closely the ICS1IONS found in subacute coni- 

bined degeneration, and if one regards this focus alone it cannot be 

distinguished in histologic details from such lesions This same small 

12. Gianulli, | Ueber die Pathogenese der diffusen Hirnsklerose (Strtimpell’ 

sche Krankheit), Deutsche Ztschr. f. Nervenh. 71:306, 1921 

13. The report of this case is being published as “Fall Raster” by Dr. Miiller 



WERTHAM—llOCI OF DEMYELINIZATION 1399 

Fig. 7.—Small foci of demyelinization in the cortex in diffuse sclerosis (4), 

multiple sclerosis (2B) and dementia paralytica (C). Myelin sheath preparations. 
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type of lesion I found also in dementia paralytica and in disseminated 
sclerosis. It would be necessary to study in serial sections whether 
such small lesions are not merely branches of larger plaques of the 
nature of disseminated sclerosis, or whether they have the character- 

istic irregular longitudinal extent of the lesions of subacute combined 

degeneration. The observation of such lesions in dementia paralytica 

seems to me to be particularly important, since in this condition a real 
subacute combined degeneration may occur. Homen has already pointed 

out that in some spinal conditions in dementia paralytica one has to 

think of subacute combined degeneration. Bodechtel recently observed 

a case in which a subacute combined degeneration with a character- 

istic “pseudosystematic” distribution of lesions in the tracts of the 

spinal cord occurred in dementia paralytica. He assumed that the severe 

general bodily condition of dementia paralytica may cause, in a person 

predisposed to it, the same type of funicular spinal disease (subacute 

combined degeneration ) as that occurring in pernicious anemia and other 

conditions. 

It is of considerable interest that in three diseases that present 

very different appearance, in only one of which the etiology is known, 

practically the same type of lesion, such as these focal areas of demye- 

linization, may occur. Workers in histopathology have often been 

tempted to draw from such histopathologic similarities inferences as 

to etiology. It is indeed striking that such similarity in pathologic 

changes may occur in diseases that are otherwise so different. One 

may raise the question whether the similarities demonstrated here do 

not show certain pathogenic connections among the three diseases 

But one has to distinguish between the pathogenic process, e. g., the 

mode in which a certain disease process develops and manifests itself 

histopathologically, and the cause of the disease process, the etiologic 

factor. It should not be forgotten that one is dealing with end-stages 

of pathologic anatomic changes, and that for their development other 

factors may be of more influence than the etiologic factor itself. The 

similarities could be dependent not only on the way in which the etio- 

logic factor works itself out, but also on the reaction of the tissu 

proper, which is limited in its range of possible reactions by its struc 

ture and composition The demonstration of similarities among. th 

three diseases, therefore, may give a hint as to possible pathogeneti 

connections: but it does not allow etiologic conclusions based on th 

histopathologic observations 

~ RY 

1. Small foci of demvelinization may occur in the spinal cord 11 

cittuse sclerosis far from the laret lesion in the cerebrui l hese foci 
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were similar to the plaques of disseminated sclerosis, and in case 2 they 

resembled the lesions in subacute combined degeneration. 

2. Small areas of demyelinization in the cortex also, not previously 

described in this condition, are demonstrated in diffuse sclerosis. 

3. These small foci of demyelinization in the spinal cord and in the 

cortex are of the same type as those found in disseminated sclerosis and 
dementia paralytica. 

4. The demonstration of these small lesions in the cortex and the 

spinal cord in diffuse sclerosis shows that there are forms of diffuse 

sclerosis that resemble disseminated sclerosis so closely that in the 

absence of etiologic knowledge they cannot be distinguished from it. 

| 

| 



| 

CONGENITAL HYPOPLASIA OF THE OLIVO- 

PON TOCEREBELLAR TRACTS 

H. M. ZIMMERMAN, M.D 

AND 

KNOX H. FINLEY, M.D 

NEW HAVEN, COND 

Numerous cases are on record of congenital malformations of the 

cerebellum in man associated with lesions in the pons and inferior olives, 

Certain ontogenetic generalizations have been drawn from these experi- 

ments of nature that have helped greatly in clarifying the related fiber 

tract connections of these three structures—cerebellum, pons and inferior 

olives—but considerable lack of agreement still exists. \re the olivo- 

cerebellar connections olivofugal or cerebellofugal, or both? Do the 

inferior olives stand in direct connection with the cerebellar cortex or 

rather with the dentate nuclei? Are there connections of the olives and 

accessory olives with the paleocerebellar cortex and with the central 

cerebellar medullary nuclei? These and many other questions of equal 

import still lack uncontroverted answers. 

Little work of an experimental nature has been done up to the present 

in attempting to clarify these fundamental problems and work of this 

kind is beset with a number of almost insurmountable difficulties. 

Chief among them is the fact that any attempt at mechanical ablation or 

destruction of a single nuclear mass or fiber tract necessarily results in 

injury to contiguous structures. Study of such material by methods 

involving degeneration is beset with difficulties of interpretation. As 

often as not also, as for example in lesions of the inferior olives, no 

clearcut changes are produced in distant but related structures. 

It seems, therefore, that those instances in man in which congenital 

lesions are limited to a single system, or to easily definable systems 

when more than one are involved, offer the choicest material for anatomic 

analysis. Less has been accomplished from an interpretative standpoint 

in some of the previously reported cases of this nature than might have 

been because the majority were not instances of the simple involvement 

of a single system. Indeed, some cases were complicated by, or were 

the result of, inflammatory or vascular degenerative processes, neither 

of which often confine themselves to single svstems. The case herein 

Submitted for publication, July 13, 1931 

From the Neurological Study Unit and the Department of Pathology, Yale 

University School of Medicine, and the New Haven Hospital. 
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reported, however, is not subject to these criticisms, and for this reasot 

has perhaps unique value. In addition, it presents the rather unusual 

feature of a paleocerebellar hypoplasia involving the vermis, the flocculus 

and some of the central cerebellar nuclei. 

REPORT OF A CASE 

Clinical History.—C, J., a girl infant, was the product of the only pregnancy 

of a mother aged 41 and a father aged 45. The pregnancy had been complicated 

by nephritis, which necessitated delivery by cesarean section during the eighth 

month. The infant at birth weighed 1,000 Gm. Her head was unusually large 

and she had a spina bifida in the sacral region, which had been satisfactorily 

repaired. She was breast fed without difficulty, seldom vomited, and at the end 

of three months had gained 1,600 Gm. in weight. In the meantime, the head 

progressively increased in $1ze, and the lower extremities were observed to be 

rigid and flexed on the abdomet 

When first seen in the pediatrics dispensary on Feb. 8, 1927, at the age of 3 

months, the baby was somewhat undernourished. The head was large (occipito- 

frontal diameter 41 cm.) and out of all proportion to the size of the face. The 

cranial sutures were widely separated, and the fontanels were abnormally large, 

the anterior measuring 4 by 3 cm., and the posterior 2 by 2 cm. The eyes con- 

verged inward and were sunken in the orbital cavities. The upper extremities 

were rigid and resisted passive movement, yet at times they were moved volun 

tarily. Usually the forearms were held rigidly flexed at the elbows. The lower 

extremities were even more rigid than the upper and were flexed at the knees 

and hips. They were not observed to move voluntarily. Passive movement of 

these extremities was limited to 10 degrees in the left knee and 15 degrees in the 

right. Deep reflexes could not be obtained because of the marked rigidity. The 

extensor Babinski and the Kernig phenomena were negative; von Graefe’s sign 

was positive. There was no ankle clonus. A course of muscle training at 

biweekly intervals was started in the orthopedic department. The head progres 

sively enlarged during the next ten months, the occipitofrontal measurement 

increasing to 47.8 cm. on September 28 

For a week prior to admission to the hospital on Dec. 3, 1927, the child vomited 

daily, refused tood and appeared ill No fever was noted Five hours before 

admission, the parents became alarmed because the child was breathing with 

difficulty, and for this reason they brought her to the accident room of the hos 

pital. Respirations were irregular and jerky \ convulsion occurred involving 

the eye muscles, the right side of the face and the right upper extremity. Exami- 

nation revealed a further increase in the size of the head but no other significant 

findings. The temperature suddenly rose to 104 F., and the child died twelve hours 

after admission. Only a small amount of fluid was obtained from a lumbar 

puncture shortly before death, but a ventricular puncture yielded 30 cc. of clear 

fluid with a count of 6 cells per cubic millimeter. 

Vecropsy.—Gross Description: The body was that of a well nourished infant 

measuring 69 cm. in length and weighing 6,550 Gm. The head was unusually large, 

and particularly marked was the protrusion of the brow. The cranial sutures 

were widely separated and the anterior fontanel measured 3 by 5 cm. Over the 

first sacral vertebra was a puckered scar, measuring 3 cm. in diameter. The 

remaining description will be confined to the central nervous system to which the 

abnormal findings were limited 
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he brain was removed intact in the dura after the head had been embalmed 

During the removal a large amount of cerebrospinal fluid escaped from the small 

tears in the dura incident to its separation from the cranial bones. Formaldehyde 

Was injected into each of the two lateral ventricles, and the whole brain was 

further fixed in this fluid. On section of the brain, several unusual and interest- 

ing features were observed (fig. 1). Both lateral ventricles were tremendously 

dilated, each having a capacity of several hundred cubic centimeters. It 

obvious that the dilatation of the ventricles was practically entirely at the expense 

Was 

f the white matter, the cortical gray matter showing no obvious decrease jn 

idth The septum lucidum was thin in some regions and wanting in others. 

thereby allowing a direct communication between the two lateral ventricles. No 

cause for the hydrocephalus was found as far as the choroid plexuses were con- 

cerned, since they were of normal size for an infant of this age Che third 

ventricle was moderately dilated, as was the rostral portion of the aqueduct of 

Sylvius. The remaining part of the aqueduct was neither obstructed nor abnormally 

dilated The fourth ventricle, although slightly misshaped, was undilated As 

Fig. 1 \ section of the brain showing a marked hydrocephalus, chiefly at 

the expense of the white matter. Note the defects mn the septun cidum and the 

nodules of gray matte r ecting to the t les 

lar as ¢ he dete ed, the I s i Magendie were patent 

| e corpus ¢ il sun is mecas y l ) t ( ss he corpora 

triata als sultere is a consequen t the g tly dilated vent: les Small 

les of gr irving Siz ls roject to the ventricles 

thy gh the t \ tte 

] it erebe lobe is ery sm ] d t; 

e-Ttourtl € ight cerebellar lol ‘ | tron 

recent hemor g, 2 stri t the bellum 

is cis ict lett erebell i ir] 

the superior, lateral | portions. 7 dal part of this lobe was 
les tro] (fie but the Ik cerehe lar t 1 ller tha the right 

fl | e1tine sic M teresting \ parent 

complete abse ermis | ext d 

\ r startling anot the small size of he middle cerebellar 
ed cles eme t hy] Is t | is¢ brat 

€ AW, 

‘ 
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The 

lumbar and the sacral vs 

te 

entire cord was rem ed together with the intact dura 

rtepr 

and the lower 

The caudal end of the spinal dura was ballooned 

form a sac containing cerebrospinal fluid. 

intact, posteri opp body 

to length. 

ac. 

ut 
was but 

1 

Anteriorly, this part of the dura 

the first sacral vertebra, was a 

This hiatus was filled in by dense scar tissue, 

vhich underlay the puckered scar of the skin previously mentioned. 

Microscopi ription 

site the of 

hiatus from 2 3 cm. in 

Serial sections were made of the 

ittached intact cerebellum 

mordanting in Zenker’s fluid 

brain stem and the 

The block of tissue included the rostral three fourths 

f the medulla oblongata, the pons, the cerebellum, the midbrain and the caudal 

portion of the hypothalamic regicn. The material was embedded in paraffin, 

sectioned at 20 microns, and stained with Heidenhain’s iron-hematoxylin after 

Preparations of the medulla showed a striking difference in the size of the two 

inferior olives. The right olivary body 

ne-half tl f the left. the 1¢ S1Z¢ 

was the smaller, being approximately 

sect ns of In more rostral the medulla, the 

: ; 

Fig. 2 1, dorsal view of the cerebellum showing aplasia of the left cerebellar 

emisphere (covered with blood from a recent hemorrhage) and apparent absence 

f the vermis The central opening represents the interpeduncular fossa. B, 

ft lateral view of the cerebellum emphasizing the inequality in size of the twe 

rebellar hemispheres.  ¢ tral view of the brain stem showing the incon- 

ousness of the s and 1 iddle cerebellar peduncles 

{ ferior live s ent | bsent, while the left could be followed to the 

{ the pons d medulla (fig. 3) That portion of the median raphé 

hes betwee es was displaced to the right because of the marked 

li size of 1 latter structures. The ventral parts of both inferior 

es were indicated only thine; the few cells present were small and atrophic 

( ey port f the ferior olives contained normal cells. The dorsal 

ess lives were both decided] plastic, and the right was smaller than the 

Both mecia ess es were malformed and contained but few 

g] Ils ( all and poorly developed The fibers coursing 

v the hilus s ve we sti icthy fewer than those on the con- 

( tative ttere n the olivocerebellar fibers of the 

Id the lies Phe right olivocerebellar 
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component of the internal arcuate fibers (associated with the left normal olive) 

was definitely greater than that of the corresponding fibers of the contralateral 
atk a 

side. Likewise, the right restiform body was distinctly larger than on the left 
(fig. 3). 

The pyramidal tracts, as they were followed through the medulla were 

observed to be of unequal size. The right tract was slightly though definitely 

smaller than the left, the former measuring 15 by 8.5 mm. in cross-diameter and 
the latter 18 by 8.5 mm. Degenerated fibers were not observed. The median 

‘7 

Fig. 3 A section of the rostral end of the medulla showing absence of the 

right inferior olive 

raphe in the region of the pyramidal tracts was curved toward the right becaus 

of the inequality in the size of these two fiber systems. 

The external arcuate nuclei were present bilaterally and were of equal size 

The external arcuate fibers were visible on both sides, but in some sections 

appeared more numerous on the left. The dorsal parasympathetic nucleus of 

the glossopharyngeal nerve was represented on the left by a well detined group ot 

medium-sized ganglion cells, but on the right it was practically absent, only at 

occasional cell remaining. Likewise, the right nucleus ambiguus contained many 

large ganglion cells, while the opposite nucleus had only a very small number. 

Fibers arising from these two nuclei and coursing toward the floor of the fourtl 

ventricle were definitely more numerous on the side of the larger nucleus. The 

| 

| 

4 | 

| 

| 



ZIMMERMAN-FINLEY—OLIV OPONTOCEREBELLAR TRACTS 1407 

remaining motor cranial nerve nuclei (including the oculomotor) and their fibers 

were normal bilaterally. 

Very striking was the large number of nerve cells in the left nucleus of 

Deiters (the side of the large olive), in contrast to the partial absence of cells 

in the contralateral structure; in several of the preparations there were no nerve 

cells visible on the right side. The caudal end of the dorsal acoustic nucleus 

sppeared better developed on the left, although both nuclei were present. In the 

more cephalic levels, however, these nuclei were equally well developed on the 

two sides. The superior olives, trapezoid nuclei, trapezoid body and _ lateral 

lemnisci were equally well developed bilaterally. The medial lemniscus and the 

Fig. +—A complete transverse section of the cerebellum. Note the atrophic 

lett cerebellar hemisphere and lett dentate nucleus. 

] 
posterior longitudinal fasciculus appeared normal. The spinocerebellar and the 

rubrospinal tracts were not sharply outlined, and hence possible variations in 

their magnitude were not discerned 

erial sections containing the cerebellum showed clearly the marked difference 

he size of its two hemispheres (fig. 4). The left hemisphere, besides being 

much reduced in size, was made up of lobules that were not only smaller and less 

numerous, but also much less complex in structure. There was much less branch- 

ing of the individual lobules to form secondary lobules. Many of the primary 

ules projected from the medullary core of the hemisphere as tonguelike 

processes. There was a noticeable absence of granular and Purkinje cells in the 

aplastic portions of the cerebellum, i. e., the left hemisphere and vermis (fig. 5). 

The granular Jayer was much paler and the distance between Purkinje cells 

greater as compared with the normal right hemisphere (fig. 6) Although the 

da 
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vermis was not seen in the gross, it was visible in the microscopic preparations 

as a markedly atrophic and maldeveloped structure. The nodulus was present jp 

the more caudal sections, but was abnormally small and displaced to the right 

In general, it may be said that the left half of the vermis was more atrophic 

than the right. These malformations and atrophies were most prominent in the 

lingula of the cerebellum. Lying in the medullary substance of the cerebellum 

between the roof of the fourth ventricle and the malformed vermis, were two 

circumscribed and highly atypical structures (fig. 7). Purkinje and granular cells 

in moderate numbers occupied these formations, but lacked an orderly arrange- 

ment. Single Purkinje cells and small islands of granular cells were frequently 

Fig. 5—A photomicrograph of the left flocculus showing atrophic lobules and 

aplasia of the granular and Purkinje cell layers; X 65 

noticed lying isolated More commonly, however, distorted islands ot granular 

cells were bordered by Purkinye cells Phe st structures suggested cerebellar 

cortex and represented heterotopias In some of the sections, these cortical 

anomalies were continuous with the cortex of the aplastic vermis. 

Che left tonsil of the cerebellum was smaller than the right The cortex of the 

former was underdeveloped, containing fewer granular and Purkinje cells thas 

the latter. This was particularly true of the most medial lobul Both cerebellar 

flocculi were atrophic and malformed as regards their Purkinje and granular cell 

layers. The changes observed here were in all respects comparable to those in th 

left cerebellar hemisphere The right flocculus appeared even more att phic thar 

the left 
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The left dentate nucleus was much reduced in size in all dimensions (fig. 4). 

The right dentate could be followed for a greater distance in both the caudal and 

the cephalic sections. It was estimated that the dentate nucleus of the small hemi 

sphere was only one-third the size of the opposite nucleus All the ganglion 

cells present in the aplastic nucleus appeared normal, and there were no hetero- 

topias in direct connection with it. However, just medial to this nucleus was 

found a small group of nerve cells which resembled to some degree those present 

in the dentate nucleus, but which lay entirely isolated in the white matter. Other 

collections of cells of a similar nature were present medial and ventral to the 

right dentate nucleus. Although these cells lay in the general region of the central 

Fig. 6.—A photomicrograph of the cerebellar lobules of the normal right hemi- 

sphere at the same magnification as that shown in figure 5 

cerebellar nuclei (nuclei emboliformes, globosi and fastigii), the unusual arrange- 

ment of the cells within each group and the fact that the groups did not lie in 

corresponding positions bilaterally was evidence against their being these struc 

tures. They were probably heterotopias 

\t the level of the outgoing fibers of the sixth nerve, a few of the pontile 

nuclei appeared ventral and lateral to the left pyramidal tract. None was present 

on the right at this level. Slightly more cephalic, other pontile nuclei made their 

appearance on the lett, ventral to the median lemniscus. ( few pontile cells were 

present on the right, but they were distinctly fewer than those on the contralateral 

sic \t a level through the middle of the pons, the greater abundance of the 

pontile nuclei on the left over those on the right was striking However, the 

greater number of transverse pontile fibers on the right over those on the left was 

| 
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just as striking. The absence of the normal number of pontile ganglion cells on 

the right on the one hand, and the decrease in the number of pontocerebellar fibers 
on the left on the other hand, had decreased the cross-section area of the pons on 

both sides by about one-half. As might be expected from the large number of 

pontocerebellar fibers on the right, the right middle cerebellar peduncle was about 

twice the size of the opposite middle peduncle. The median raphé of the pons, 
both its ventral pontile and dorsal tegmental portions, was displaced to the right. 

The fourth ventricle was deformed into an elliptical cavity pointing upward and 

to the right 

The superior cerebellar peduncle originating from the smaller dentate nucleus 

and cerebellar hemisphere (left side) was about one-third the size of the similar 

Pig. 7.—A photomicrograph of the meduliary substance of the cerebellutn 

above the roof of the fourth ventricle, showing the two large cerebellar cortical 

heterote plas; » 12 

peduncle arising from the normal cerebellar hemisphere (fig. 8) At their point 

f decussation in the midbrain, many more fibers were seen crossing the midline 

from the right to the left than in the reverse direction. Cephalic to the decussation, 

the larger peduncle lay on the opposite side, i. ¢., to the left of the midline, and 

the smaller to the right. These two fiber bundles were seen terminating in the 

red nuclei. The left red nucleus was possibly slightly larger than the right, but 

there was no appreciable difference between the numbers of large and small 

ganglion cells within the two nuclei. However, the left red nucleus contained 

many more fibers than the right 

peduncle was the right, which is not The left cerebral 

readily explainable on the basis of the hydrocephalus (resulting in atrophic or 
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aplastic changes in the py ramidal systems), as the hydrocephalus involved both 

lateral ventricles to an equal degree. The smaller number of the cerebropontile 

fibers on the right side, associated with the fewer pontile ganglion cells on the 

right, may be the factor underlying the smaller right peduncle. 

Summary of Anatomic Observations —There was a communicating 

hydrocephalus with which was associated some inequality in develop- 

ment of the right pyramidal tract. The whole left cerebellar hemisphere 

was atrophic and to a certain degree malformed, and sharing in the 

atrophy was also the le ft dentate nucleus. The ventral and dorsal parts 

Fig. 8—A photomicrograph at the level of the superior cerebellar peduncles 

sup. ped.) showing the difference in size between the two; * 15 

of the vermis suffered similar and even more extensive changes, the 

left half of the vermis more so than the right. Both cerebellar floccul 

and the medial portion of the left tonsil were similarly involved, and in 

addition, the left tonsil was smaller than the right. The central cere- 

bellar nuclei (globosi, fastigii and emboliformes) were completely 

absent or at least poorly developed. Cortical heterotopias were found 

in the central white matter of the cerebellum above the roof of the 

fourth ventricle. The right inferior olive was atrophic and the ventral 

limbs of both olives had but a few small cells. The median accessory 
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olives were malde\ eloped bilaterally. Both dorsal accessory olives were 

aplastic; the left was smaller than the right. These 

relationships are indicated graphically in figure 9. 

olivocerebellar 

The right olivocerebellar fibers (from the left normal olive) were 

more numerous than the left, and as a result the right restiform body 

LEFT =r RIGHT 
< < 
CAND 

DENTATE 2 
NUCLEUS or ,NUCLEUS 

VENTRICLE | } 

TONSILS 

\ 
DORSAL VENTRAL 

ACCESSORY OF 
OLIVES ol NFERIOR OLIVE 

iS 
VENTRAL y \ MEDIAN 

LIMB OF ACCESSORY 
INFERIOR OLIVE —— ~ OLIVE 

MEDIAN PYRAMIDAL 

ACCESSORY TRACTS 

NUCLEUS 

Fig. 9.—Schematization of the cerebellar and olivary relationships in this case 

The stippled zones represent aplasias; the shaded zones represent more severé 

maldevelopment. 

was also larger. lhe right middle cerebellar peduncle was about twice 

the size of the left as a result of the more numerous ganglion cells on 

the left side of the pons. The left superior cerebellar peduncle was 

much smaller than the right, having its origin from the smaller cerebellar 

hemisphere with its atronhic dentate nucleus. \gain, the right red 
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nucleus was definitely smaller than the left, the reason for this obviously 

being the fact that this nucleus received fewer fibers from the smaller 

superior cerebellar peduncle after its decussation in the midbrain. 

There was a decrease in the size of the right lateral vestibular nucleus 

of Deiters, but no positive differences in size of the other pairs of 

vestibular nuclei were established. The acoustic nuclei and the superior 

olives with their related fiber tracts were equal in size bilaterally. Unac- 

countable findings were the abnormally small right dorsal glossopharyn- 

geal and left ambiguus nuclei. 

COM MENT 

It is fair to state, perhaps, that the clinical symptoms presented by 

this patient can be adequately explained on the basis of the anatonaic 

conditions of congenital communicating hydrocephalus associated with 

the spina bifida. What role the olivopontocerebellar lesions had to play 

in contributing to the spastic paralysis of the extremities must remain a 

moot question in view of the presence of hydrocephalus. Nor can the 

partial aplasia of the right pyramidal tract in itself be held responsible 

for this condition, as the paralysis was bilateral. 

There is significance in the fact that the conditions of spina bifida 

and hydrocephalus were noted at birth in this child, who was delivered 

in the eighth month of pregnancy. This points to an early congenital 

malformation and presents also an explanation of the hypoplasia of the 

inferior olives, pons, cerebellum and their connections. That no other 

causes, such as vascular changes and inflammatory processes, could b 

held responsible for this condition is obvious from the gross as well as 

from the histologic observations. Cf great interest, moreover, is the fact 

that a part of the cerebellum which is involved (vermis and central cere- 

hellar nuclei) belongs to the paleocerebellar structures. The great 

majority of the instances of cerebellar aplasia previously reported have 

been confined to the neocerebellar structures. Obersteiner,' however, 

reported a case of paleocerebellar involvement in which there was an 

absence of the anterior medullary velum, the lingula, flocculi and the 

nuclei fastigii, together with a malformation of the vermis. Although 

the concept of a division of the cerebellum into neo and paleo portions 

appears to be well supported both ontogenetically and phylogenetically, 

there are some dissenting views. Marburg * was strongly of the opinion 

that such a sharp division of the cerebellum is impossible because the 

vermis, as well as the cerebellar hemispheres, is very closely related to 

1. Obersteiner, H Ein Kleinhirn ohne Wurm, Arb. a. d. neurol. Inst. a. d. 

Wien. Univ. 21:124, 1914-1916 

2. Marburg, © Das Kleinhirn beim angeborenen Hydrocephalus Ein 

Beitrag zur Pathogenese der angeborenen Kleinhirnerkrankungen. Arb. a. d. 

ieurol. Inst. a. d. Wien. Univ. 21:213, 1914-1916 
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the pons. If there is justification for the views of Winkler,* who believed 

that no sharp demarcation between paleocerebellar and neocerebellar 
structures exists, but that one may be interpolated into the other, Mar- 

burg’s objections are overcome. And yet, in the case reported here, the 

structures usually classed as paleocerebellar are much more involved than 

is even the neocerebellar left hemisphere. To account for this paleo- 

cerebellar lesion there must be assumed an inhibitory influence very 

early indeed in embryonic development; but why should the neocere- 

bellar structures then have been involved relatively so little ? 

Since 1829, when Cruveilhier first described the condition, it has 

been known that unilateral cerebral lesions often result in atrophy of 

the contralateral cerebellar hemisphere. \ group of such cases has 

heen described by Kononova.* In the paper by Marburg already quoted, 

the statement appears that the cerebroecerebellar 

lateral lobes, but also with the vermis he cl 

the left cerebell lar lobe and in the vermis in the case under discussion 

connections are n 

lone with the anges in ~ 

could then be attributed to a primary cerebral lesion but for the fact 

that the hvdrocephalus produced equal d ave to both cerebral hemi 

spheres, and only the left cerebellar lobe was involved. Moreover. 

cerebellar lesions as in this case are rare as contrasted with the rather 

frequent occurrence of congenital hydrocephalus. For these reasons, 

therefore, it seems justifiable to assume that the cerebellar changes 

are independent of the cerebral condition. 

It has been tacitly, and more or less arbitrarily, assumed in our case, 

that the unilateral pyramidal tract atrophy was somehow linked t » the 

hydrocephalus. It is of interest to note, therefore, that certain writers 

hold that there is a cerebellopyramidal tract connection. Krause * cited 

case of bilateral cerebellar atrophy with partial loss of the central 

white matter and the central cerebellar nuclei, in which there were an 

absence of both pyramidal tracts and a generalized atrophy of the cere- 

bral hemispheres Messing ° reported a less lucid instance of right 

cerebellar atrophy with complete absence of both pyramidal tracts, but 

there was present a left cerebral porencephaly \nother such example 

was described by Redlich,' in which there was a cerebellar cortical 

3. Winkler, ( \ Case of Olivo-Pontine Cerebellar Atrophy and Our Con 

ceptions of Neo- and Paleo-Cerebellum, Schweiz. Arch. f. Neurol. u. Psychiat. 13: 

648, 1923 

4. Kononova, | L’atrophie croisée du cervelet, These, Paris, 1911-1912 

5. Krause, F.: Ueber einen Bildungsfehler des Kleinhirns und einige faset 

anatomische Beziehungen des Organs, Ztschr. f. d. ges. Neurol. u. Psychiat. 119: 

788, 1929 

6. Messing, Z Drei Falle von Porencephalie, Arb 

Wien. Univ. 11:184, 1904 

7. Redlich, FE Demonstration mikroskopischer Praparate eines Falles von 

diffuser Kleinhirnsklerose, Wien. klin. Wehnschr. 28:647, 1896 
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sclerosis involving also the central white matter, but not the central 

nuclei, as well as an atrophy of the ventral part of the pons, the olives 

and the pyramidal tracts. In commenting on this case of Redlich, 

Obersteiner suggested that the pyramidal tracts may have been involved 

by the diffuse sclerosis in their passage through the pons. Experi- 

mentally, Biedl (quoted by Redlich) found that after section of the 

restiform bodies there resulted a degeneration of the ventral fibers of 

the lateral pyramidal tract on the ipsolateral side. In our case, the 

restiform body was atrophic on the left side and the pyramidal tract on 

the right side. [From this recital of the anatomic evidence for a direct 

connection between the cerebellum and the pyramidal tracts, consider- 

able doubt of its existence must arise. Only Biedl’s work seems to 
support it, but that work needs confirmation. 

The fiber tract connections of the inferior olives are little under- 

stood. Most writers hold that these tracts are olivofugal, some assert- 

ing that they go to the cerebellar cortex and others maintaining equally 

strongly that they go to the dentate nuclei. A not inconsiderable num- 

ber of writers, on the other hand, attempt to prove that cerebellofugal 

tracts taking origin either from the cerebellar cortex or from the dentate 

nuclei connect the cerebellum to the olives. It has been suggested even 

that there are both olivofugal and cerebellofugal connections between 

these structures. Practically all workers, however, are unanimous in 

their belief that these are crossed connections ; only a very small minor- 

ity maintain that in addition to the crossed connections there exists a 

small ipsolateral bundle of nerve fibers. 

Olivocorticocerebellar Tracts——The_ strongest supporters of an 

olivocorticocerebellar (olivofugal) tract are Brouwer * and Holmes and 

Stewart,” who stated that the olives send their axis cylinders to the 

opposite cerebellar lobes and not to the cerebellar nuclei. Moreover, 

they believed that there is a definite regional relationship between the 

different portions of the inferior olives and the different areas of the 

cortex of the cerebellum; the dorsal olivary loops are connected with 

the dorsal cerebellar cortex, the ventral with the ventral part, the 

medial with the medial, and the lateral with the lateral part of the cor- 

tex. Brouwer also quoted Bruns as stating that the inferior olives 

send fibers to the uncrossed cerebellar cortex by way of the homo- 

lateral restiform body. These fibers take origin from the dorsal por- 

tion of the olive. Experimentally, Russell '® found, after removal of 

8. Brouwer, B.: Ueber Hemiatrophia neocerebellaris, Arch. f. Psychiat. 51: 

539, 1913. 

9. Holmes, G., and Stewart, T. G.: On the Connections of the Inferior Olives 

with the Cerebellum in Man, Brain 31:125, 1908 

10. Russell, J. S. R.: Degeneration Consequent on Experimental Lesions of 

the Cerebellum, Phil. Tr. London (B) 186:633, 1895. 
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one lateral lobe of the cerebellum, that degenerated fibers in the inferior 

cerebellar peduncle passed to the opposite inferior olive. No mention 

is made of any possible damage to the dentate nuclei in these animals. 

Chis finding also does not rule out the possibility that the degenerated 

fibers are cerebellofugal; it merely establishes the fact of a cerebello- 

olivary connection. 

Olivodentate Tracts —Vogt and Astwazaturow showed that in 

spite of cortical cerebellar lesions the interior olives can be normal, and 

that only in dentate nuclear lesions are the olives affected. Indeed. 

these writers were convinced that a cerebellar cortical atrophy in itself 

does not produce changes in the olives, and that when such changes 

in the olives occur, they are associated with dentate nuclear lesions. 

Chis view was shared by Schaffer.’* Writing in 1912, Vogt and 

\stwazaturow stated that there were no examples in the literature of 

damage to the dentate bodies in which the crossed inferior olives had 

remained normal. They did state, however, that the olives can atrophy 

independently of the dentate nuclei by a descending degeneration of the 

central tegmental tract of Bechterew. 

Dentato-Olivary Tract—On the other hand, Marburg, writing in 

1914, was authority for the statement that cases have been reported of 

lesions in the dentate nuclei without olivary involvement, and on this 

hasis he argued for a connection between the olives and the cerebellar 

cortex as well as the dentate nuclei. Winkler, in a paper in 1923, cited 

a case of atrophy of the olivary and pontile nuclei with intact dentate 

nuclei, but with atrophy of the cerebellar cortex, particularly of the 

granular layer, and thus supported Marburg’s contention of a connec 

tion between the olives and the cerebellar cortex. Schaffer elaborated 

this view by stating that there are two tracts connecting the olives to 

the cerebellum: 1) an olivocerebellar tract, which ends in the cere 

bellar corte ®t and ( 2) a cerebe lo-olivary tract, arising in the dentate 

nucle1 and ending the ganglion cells of the olives—a dentato-olivary 

tract The latter follows the olivocerebellar tract, the two going in 

opposite directions Schroeder and WKirschbaum drew from = an 

malvsis of a case that the escribed the conclusion that there is no 

ll. Vog H \st \M ink 

Ps t. 49:75 12 

Ps OM.) 30:70, 1915. Uel es me 

s, ibid. 46:60 

eder, A haut \ ( tive 

ellar Syst iG \ 

| 

! 

Psychiat. 114:681, 1928 
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evidence for a dentato-olivary tract, but rather for an olivodentate 

(olivofugal) tract. Schaffer’s opinion of a cerebellofugal tract arising 

in the dentate nuclei and going to the olives was supported in a paper 
by Mingazzini and Giannuli.'* These workers admitted, however, the 

possibility of an olivocerebellar tract (olivofugal), but stated that it 

must be a small one. This work, then, represents about all the evidence 

that there is in support of a dentato-olivary tract. 

Corticocerebello-Olivary Tract.—As_ regards a_ corticocerebello- 

olivary tract, Koelliker (quoted by Schaffer) stood practically alone in 

his belief that there are cerebello-olivary fibers representing a cerebello- 

fugal system and consisting of Purkinje cell fibers that end around the 

olivary cells. From this avalanche of conflicting and often contra- 

dictory evidence one conclusion only seems permissible and that is that 

in olivocerebellar (olivofugal) tract exists, but whether it ends in the 

cerebellar cortex or in the dentate nuclei, or perhaps in both, is not a 
settled. question. 

Between Accessory Olives and Cerebellum—Holmes 

ind Stewart ® and Brouwer and Coenen studied the relationships of 

Ww accessory olives to the cerebellum, and concluded that the dorsal 

accessory Olives send fibers to the dorsal paleocerebellar cortex, and 
1 

that the median accessory olives send fibers to the ventral paleocere- 

llar cortex (pyramis, uvula, nodulus, flocculus and _ paraflocculus). 

Masuda likewise stated that the median accessory olives (and the 

ventral halves of the inferior olives) are connected with the deep and 

caudal parts ot the vermis. A somewhat similar view was held by 

Mingazzini and Giannuli, namely, that there is a tract connecting the 

inferior part of the vermis and the proximal part of the median acces- 

sory olives. Directly contradicting these views, however, is the case 

reported by Spiller,’ in which were present a cerebellar atrophy and 

sclerosis involving tl 
1 t} 

vermis as well as the lateral lobes and implicating 

le inferior olives, but completely sparing the accessory olives. What 

relationship, if any, exists between the accessory olives and the nuclei 

oliiormes, tecti (fastigi) and globosi 1s apparently not known. 

hese medullary nuclet are even less well understood than are the 

l4. Mingazzini, G., and Giannuh, I Klinischer und pathologisch-anatomischer 

| g Studium der Aplasiae cerebro-cerebellospinales, Ztschr. f. d. ge 

\ it. 90:521, 1924 
15 er 1 Coene | Cebet e Psycl u 

25:52, 1919-1920 

\lasuda. Lehe s } ckengrau der Menschen (Griseum Pontis) und 

ere Beziel gen d Grosshir1 Arl d. hirnanat 

Zur 9-10:1, 1914 

1. 3 \\ (; | Case Cerebell Diseas \utopsyv) with 

N Cerebell H t \taxia, B 19:588, 18 
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olives, although Herrick stated that the nucleus fastigii receives 
direct vestibular root fibers, fibers from the vestibular nucleus, from 

the cortex of the vermis and probably also from the basal vestibular 

cortex. Its efferent fibers are distributed to the nuclei of the medulla 

oblongata and midbrain. The nuclei emboliformes and globosi receive 

fibers from the cerebellar cortex (chiefly from the hemispheres ) and 

give rise in part to the brachium conjunctivum. 

Let us now see how far the changes observed in our case can be 

correlated with the observations mentioned in the foregoing paragraphs. 

The atrophy of the right inferior olive was undoubtedly associated with 

that of the left cerebellar hemisphere, but the left dentate nucleus was 

also atrophic, and hence it is impossible to associate the change in the 

olive positively with the one or with the other of these. Nor can any 

conclusion be drawn as to the direction of the fiber tracts, whether 

they are olivofugal or cerebellofugal. It is interesting that in th 

presence of an almost complete aplasia of the dorsal part of the vermis, 

the dorsal accessory olives are likewise strongly aplastic. And in the 

same manner, the aplasia of the ventral part of the vermis can be linked 

to the aplasia of the ventral accessory olives. These tacts seem to b 

in complete accord with the views of Holmes and Stewart * and Brouwer 

and Coenen,'’ although of course there is again no evidence as to the 

direction these fiber tract connections take. The atrophy of the ventral 

limbs of the inferior olives, as it was bilateral, must be linked to the 

changes in the vermis; a connection between these two structures was 

suggested by Masuda. It is impossible to associate the atrophic right 

nucleus of Deiters with either the absent nucleus fastigii or the atrophi 

left cerebellar hemisphere; in the first instance, because both nuclei 

fastigii are absent and only one Deiters’ nucleus is small; in the second 

instance, because this nucleus is on the contralateral side of the atrophic 

cerebellar hemisphere, whereas the vestibulocerebellar tract 1s an 1pso- 

lateral one. Deiters’ nucleus, therefore, with the atrophic right dorsal 

glossopharyngeal and left ambiguus nuclei, belongs to the category of 

unaccountable observations in this case 

Pontocerebellar Connections.—The pontocerebellar connections ar 

rather well understood—about some of the finer details only is there 

any disagreement. It was Brouwer’s opinion that the pontile ganglion 

cells send fibers to the neocerebellum and not to the paleocerebellum, but 

Schatfer believed that the most dorsal fibers of the middle cerebellar 

peduncle end chiefly in the upper part of the vermis and some in the 

lower part. Further, it was Schaffer’s opinion that the stratum pro- 

18. Herrick, C. J.: Origin and Evolution of the Cerebellum, Arch. Neurol. & 

Psychiat. 11:621 (June) 1924 
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fundum pontis at the trigeminus level forms a tract which goes to the 

paleocerebellum and deserves the designation even of a “pontopaleo- 

cerebellar tract.””. Marburg and Masuda were in complete agreement on 

the fact that the pons can be completely destroyed after a cerebellar 

lesion, particularly if the latter occurs intrafetally. On this basis can 

be explained the aplasia of the right pontile nuclei in our case—that it 

js associated with the atrophy of the left lobe of the cerebellum and 

resulted from the latter. This case does not answer the question of a 

pontopaleocerebellar connection, as both the neocerebellum and_ the 

paleocerebellum were involved. Moreover, with a_ paleocerebellar 

:plasia, the resultant atrophy of the pontile nuclei should be bilateral, 

but it is impossible to determine if this is so on the left side of the 

pons. 

Connections Between Dentate and Red Nuclei—That the red 

nucleus undergoes atrophy following a lesion in the contralateral dentate 

nucleus or in the superior cerebellar peduncle seems to be well estab- 

lished experimentally and on the basis of studies of human material. 

Russell found that in dogs the fibers that degenerated in the superior 

cerebellar peduncle on the side from which one lateral lobe of the cere- 

bellum was removed, passed to the opposite side in the posterior quadri- 

geminal region, most of them apparently ending in the opposite red 

nucleus. But a few fibers did not cross, and these appeared to end in 

the red nucleus on the same side as the cerebellar lesion. Uemura ™ 

described a case of destruction and atrophy of the right cerebellar 

hemisphere and a portion of the right dentate nucleus, with degenera- 

tion of the right superior cerebellar peduncle and the left red nucleus. 

\ somewhat similar case was described by Masuda in which there was 

atrophy of part of the left cerebellar lobe and of the left dentate nucleus, 

with complete absence of its anterior part, and degeneration of the 

anterior two thirds of the right red nucleus, particularly the small cells. 

\ccording to Marburg, the converse is likewise true, namely, that lesions 

in the red nucleus and the superior cerebellar peduncle produce an 

atrophy of slight degree in the dentate nucleus. In our case, no 

variations were found in the numbers of large and small cells in the 

two red nuclei. However, the left red nucleus contained many more 

nerve fibers than the right, and these could be seen entering the left 

nucleus from the larger right superior cerebellar peduncle. The gen- 

eralization can therefore be drawn that the red nucleus is connected 

with the crossed dentate nucleus by the superior cerebellar peduncle. 

19. Vemura, H.: Pathologisch-anatomische Untersuchungen uber die Verbind- 

ungsbahnen zwischen dem Kleinhirn und dem Hirnstamm, Schweiz. Arch. f. 

Neurol. u. Psvchiat. 1:151, 1917. 
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SUMMARY CONCLUSIONS 

The history is presented of a female infant, aged 13 months, who 

was delivered in the eighth month of pregnancy by cesarean section 

because of complicating nephritis in the mother, aged 42. At birth. a 
spina bifida that was present was repaired, and a hydrocephalus was 

noted, which increased in severity until the child died. Death occurred 

with the sudden onset of dyspnea followed by a convulsion of the 

right side. ‘Throughout life the child had a spastic quadriplegia. 

Necropsy revealed a marked communicating hydrocephalus and 

fresh hemorrhage over the left cerebellar hemispher« The latter was 

atrophic, which was true as well for the left dentate nucleus and the 

right pyramidal tract. The entire vermis was malformed, and the cen- 

tral medullary nuclei of the cerebellum were absent, being replaced by 

several cortical cerebellar heterotopias In association with the cere- 

f the left restiform body. both dorsal bellar lesions was an atrophy ( 

accessory Olives, the whole right inferior olive, the ventral limbs of both 

inferior olives, the median accessory olives, the right pontile nuclei and 

the left middle and superior cerebellar peduncles. There was an atrophy 

of the right Deiters’ and the right dorsal glossopharyngeal and the left 

ambiguus nuclei. 

It is concluded that the atrophy of the right inferior olive was 

dependent on that of the left cerebellar hemisphere; that the dorsal 

accessory olives are connected with the dorsal part of the vermis, and 

that the median accessory olives and the ventral limbs of the inferior 

olives are connected with the ventral part of the vermis 

Related to the atrophy of the left cerebellar hemisphere was a hypo- 

plasia of the right pontile nuclei and the left middle cerebellar peduncle 

Because the left dentate nucleus was atrophic the left superior cere 

bellar peduncle, as well as the right red nucleus, was smaller than th 

corresponding structures of the Op] osite sic lhe atropl v of the right 

nucleus of Deiters and of the ri ' 

left ambiguus nuclei could not be satisfactorily explained or related to 

the other observations 

| 

| 

| 



NERVE DEGENERATION IN POLIOMYELITIS 

Ill. RATE OF DEPRESSION AND DISAPPEARANCE OF COMPONENTS Ol 

CONDUCTED ACTION POTENTIAL IN SEVERED NERVES; CORRE- 

LATION WITH HISTOLOGI( DEGENERATION IN GROUPS OIF 

FIBERS RESPONSIBLI FOR VARIOUS COMPONENTS 

PETER HEINBECKER, M.D 

GEORGE H. BISHOP, Pu.D 

JAMES |! O’LEARY, M.D 

ST. LOUIS 

For purposes of comparison with the degenerating fibers of nerves 

and roots from monkeys killed during the acute stage of poliomyelitis, 

it was deemed advisable to study by phy siologic and histologic methods 

normal nerves severed trom their cells of origin. Certain histologic 

changes occurring during the degeneration of cut nerves are well known, 

hut increasing knowledge of the physiology of the fiber types makes 

possible a more detailed correlation, than has been made thus far, 

ne course Ol between histologic and functional changes during t 

degeneration 

When the action potential after conduction is recorded by means 

of the cathode ray oscillograph, a series of waves is depicted. It has 

heen shown by Bishop and Heinbecker ' that it is possible to correlate 

the form of the recorded action potential with the fiber content of the 

nerve trunk in a manner permitting recognition of the essential fiber 

tvpe responsible for each potential component. For convenience of 

reference these components have been named the 4, /,, 6, and C waves 

(Heinbecker *). The ordinary mixed somatic nerve (sciatic) gives ris 

to all four. The fibers responsible for the 4 component are the large, 

thickly myelinated ones known to include, primarily, somatic motor and 

sensory elements. The /?, component includes primarily the somewhat 

the Departments sSurve Ophthaln 2 t the Was 

gt University S« f Medicine, St. Louis 

| s study was « ducted with the uid « grant t the De tment 

\naton rom the Milbank Fund t the Stu Infa e Paralvsis ane 

QT t r resear SC Washi t Unive 1 tie \ eteile Ol 

tor 

1. Bishop, G. H., and Heinbecker, P.: Different —e 
\ eral Nerves b Means the Potential Re rd, A I. P siol. 94:170, 193 

2.H heck P Phe Potential Analysis the Turt 1 Cat Sy thet 

Submitted for publication, Nov. 18, 1931 

and Vagus Nerve Trunks, Am. J. Physiol. 93:284, 193 
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smaller and trequently somewhat more thinly myelinated fibers known 

to be visceral afferents. These two potential components have character- 

istic physiologic properties (Heinbecker and Bishop*) which permit 

their differentiation from the 2, and C components possessing properties 

of a much slower order. The fibers responsible for the Bb, potential 

are the smallest, thinly myelinated ones found in the nerve. Unmvyeli- 

nated fibers give rise to the C potential. 

The intention of this investigation has been to determine the time and 

order of depression and disappearance of the essential components of 

the action potential and to relate the stages in depression of each com- 

ponent to histologic changes in the fibers responsible. 

MATERIAL AND METHOD 

Experiments were carried out on fifteen cats and one monkey ( Macacus rhesus) 

Sciatic, radial, genito-femoral, cervical sympathetic and vagus nerves were severed 

with aseptic precautions at levels that permitted a sufficient length distal to the 

lesion to be available for study after discarding the area at the point of section 

\fter varying time intervals (from twenty-four to one hundred and twenty hours) 

the nerves were removed trom the body and their action potential recorded if 

present. In each case the like nerve from the opposite side served as a control. 

The cathode-ray oscillograph was used as a recording mechanism in conjunction 

with an amplifier yielding amplifications up to 200 mm. per millivolt. To stimulate, 

condenser charges from 1.5 to 150 volts and of a capacity varying from 0.001 to 

0.25 microfarad were used. The stimuli were applied through nonpolarizable elec- 

trodes, the same type also serving as recording electrodes. The nerves were 

arranged in a bridge balanced for resistance and capacity as described by Bishop. 

For the determination of the absolute refractory period, the potentials were recorded 

after conduction to allow separation out of the waves. Two condensers were con- 

nected through two contacts of the circuit breaker and charged in series with the 

nerve. To prevent the first condenser shunting the second, the circuit breaker was 

made to open the first circuit before the second was closed, the first condenser 

charging through the nerve circuit in this interval 

After examinations with the oscillograph were completed (from one to three 

hours), the nerves with their controls were fixed in 1 per cent osmic acid and in 

ammoniated alcohol for the silver pyridine (Cajal-Ranson) technic. For the study 

of infundibular membranes nerve portions were also fixed in the formaldehyde- 

pyridine-manganese mixtures of Cajal. The preparations were dehydrated, cleared 

and embedded in paraffin; longitudinal sections at 5 microns were cut from all 

blocks, and, in addition, cross-sections from the segments that were fixed in osm 

if id 

In many mixed nerves the 4 potential amplitude is five or more times that ot 

the B, potential and ten to fifteen times that of the Bs. and C potentials. It 1s, 

therefore, a simpler task to compare the rates of disappearance of the B,, Bs and ( 

potentials in autonomic nerve trunks where these potentials are of more equal 

3. Heinbecker, P., and Bishop, G. H Differentiation Between Types of 

Fibers in Certain Components of Involuntary Nervous System, Proc. Soc. Exper 

Biol. & Med. 26:645, 1929. 

4. Bishop, G. H The Form of the Record of the Action Potential of Verte- 

brate Nerve at the Stimulated Region, Am. J. Physiol. 82:462, 1927 
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EXPLANATION OF FIGURE 1 

Fig. 1—/, conducted action potential through the normal cervical sympathetic 

nerve of a cat; conduction distance, 29 mm. ; temperature, 36 C.; reduced four panel 

amplification. Time is marked in sigma in this and in subsequent records. A 

normal control was used for records /// and JI’. JI, same preparation as in / 

with full amplification. ///, conducted action potential through the sympathetic 

nerve of a cat cut sixty hours previously. The nerve was taken from the same 

cat as that recorded in /. Conduction distance was 21 mm.; temperature, 36 C. 

Note low B, and Bz waves; the C wave is also much depressed. Ultimately only 

the depressed C potential would persist. /]°, same preparation as in /// with faster 

deflection of the base line to show the first two components better. 1/’, conducted 

action potential through the normal cervical sympathetic nerve of a cat; conduction 

distance, 25 mm.; temperature, 37.5 C. Normal control for this nerve is shown 

in and amplification, four panels reduced. same preparation as in 

l’, with faster deflection time and full four panel amplification to show maximum 

magnitude of and potential components. conducted action potential 

rough a cervical sympathetic nerve cut fifty-nine hours previously; conduction 
) distance, 25 mm.; temperature, 37.5 C.; full four panel amplification. [J///, same 

preparation as in /’// with faster deflection of the base line to illustrate what 

remains of the 2B, and Bz potentials. JN, conducted action potential through the 

vagus nerve of a cat cut seventy-two hours previously ; conduction distance, 34 mm. ; 

temperature, 37 C.; full four panel amplification. Normal control for this prepara- 

tion is shown in XV. There is some lowering of the potentials of the cut nerve. 

X, conducted action potential through the normal vagus nerve of a cat; conduction 

distance, 34 mm.; temperature, 37 C. Control for this nerve is shown in JX; full 

four panel amplification. '.V/, conducted action potential through a cervical sympa- 

thetic nerve cut sixty hours previously ; temperature, 37 C.; full four panel ampli- 

fication \/1, same preparation as in \/ with faster deflection of the base line. 

Normal control for this nerve is not shown. 

0 
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amplitude. It was always easier to compare the rate of disappearance of the 4 and 

, though lower in amplitude, was inyari- 

ably present longer than the 4. By a correlation of the results obtained in different 

C potentials in mixed nerves because the ( 

nerves, it was possible to determine the relative order of susceptibility to degenera- 

tion of all the fiber types 

FUNCTIONAL RESULTS 

Typical results are tabulated in table 1 and illustrated in figure 1. 

It was invariably found that the /, potential was the first to (lisappear, 

next the 4 potential, then the 4, and finally the C potential. The B 

and C potentials persisted from eight to twelve hours longer than the 

A and B, potentials. Interpreted in the light of correlation experiments, 

this means that myelinated fibers of the somatic system degenerate befor: 

myelinated and unmyelinated fibers characteristic of the autonomic sys- 

tem. Small, somatic fibers degenerate before large ones and myelinated, 

autonomic fibers degenerate before nonmyelinated ones 

It is difficult to state the time at which the first detectable change 

in the area of the various potential components takes place. Changes 

in the absolutel\ refractory period were detectable as early as twelve 

hours after section of the nerve, but there were no significant changes 

in potential area before from twenty-four to thirty-six hours. It is 

also difficult to set absolute values for the times required for the dis- 

appearance of the potentials derived trom the various fiber types, which 

would be applicable to all nerves. There were slight variations from 

nerve to nerve, and also from animal to animal. However, it is possi- 

ble to state that the #, potential disappeared between fifty and seventy 

hours. The 4 potential disappeared from five to ten hours later, then 

the B, potential and, finally, the C potential. No C potential has been 

elicited at a period longer than ninety hours after section of the nerve. 

During degeneration, thresholds of the 4 and /, potentials wer 

quickly raised, whereas those of the 7, and C potentials tended to 

change much more slowls In fact, the threshold of the C potential 

remained relatively low until almost the time of its extinction, Deterni 

nations of absolute refractory periods were not obtained im all expert- 

ments, but a sufficient number were made to prove that the time of 

absolute refractoriness is early increased for all potentials. No evi 

dence was obtained to indicate that the absolute refractory periods wer 

ever shortened during the early stages of degeneration, and in this th 

results differ from those obtained during the early stages of exper! 

mental acute poliomyelitis.” Slowing of conduction rates of all pr ‘tentials 

except the C were shown relatively early, but not quite so readily as thi 

5 O'Leary. | Heinbec ker. Peter. and Bishop, (y H Nerve Degen ratiol 

in Poliomyelitis: IV. Physiologic and Histologic Studies on the Roots and Nerve 

Supplying Paralyzed Extremities of Monkeys During Acute Poliomyelitis, Arcl 

Neurol. & Psychol., to be publishe 
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changes in refractoriness. The C conduction rate, at least for the fastest 

fibers, remained nearly normal until quite late. The increased temporal 

dispersion of this potential, however, indicated that slowing of some 

fibers was present somewhat earlier. 

Control nerves from the opposite side of the be cy were examined in 

all cases and used as a basis of comparison in estimating the degree of 

depression of the various potentials. These controls were, however, 

often kept in Ringer’s solution for two or three hours before exami- 

nation was possible, because of the time consumed in examining the cut 

nerves. Thus, the conduction rates of the control potentials were not 

infrequently found to be less than the normal rate of such potentials in 

fresh nerves, though the areas of potentials were not recognizably 

altered. Consequently, in the table of results average normal limiting 

rate values are prescribed for comparison with the rates of degenerating 

nerves rather than the rate values obtained from the controls. 

HISTOLOGI( STUDIES 

Decrescence in the physiologic properties of severed nerves is 

paralleled by early histologic change in the fibers. At the time of dis- 

appearance of the action potential, this change has only proceeded to the 

beginning of the decomposition of myelin (after decomposition it 

reduces osmic acid following bichromate mordanting and colors intra- 

vitally with neutral red). Obviously, therefore, the methods of 

secondary degeneration are not applicable in the present study, and we 

must place reliance on the finer criteria of change manifest in osmic 

and silver preparations. 

\s in other known processes, loss of function pursues a more rapid 

course than the histologic evidence of it. At the earliest stage, when 

significant changes in the potential area were detected, histologic evi- 

dence of fiber deterioration was scanty, and it was only by comparison 

with later stages that we could surely detect such appearances as were 

retrogressive. But the occurrence of undoubted degenerative changes in 

a variable number of fibers observed in histologic sections is not a true 

index of the state of the nerve as a whole. Cajal ® has previously shown 

that even when fibers of like size are compared there 1s a significant 

difference in their susceptibility to degeneration: some evince early 

changes at a time when others appear to be perfectly normal. From our 

own experience, using the new neutral red method as given in the first 

paper of this series.’ we may add that histologic evidence of the 

6. Ramon y Cajal, S Degeneration and Regeneration of the Nervous Sys- 

tem, London, Oxford University Press, 1928. 

7. Covell, W. P., and O’Leary, James L.: Nerve Degeneration ‘n Polio- 

myelitis I. Vital Staining with Neutral Red Applied to Nerve Degeneration, 

Arch. Neurol. & Psychiat. 27:518 (March) 1932. 
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degenerative processes may be found earlier in one portion of a fiber 
than in another, so that when changes are not observed in the segment 

of a particular fiber available for study, it does not mean that they are 
also absent in other parts of the same fiber. 

In general, the following results are indicative of the average histo- 

logic appearance of the myelinated fibers at stages during the depression 

of the conducted action potential. They are based on the Study of 

serial, 5 micron, longitudinal sections (osmic acid-stained) of the 

vagus nerves of cats killed at intervals postoperatively. Here, fibers of 

the ditferent groups occur side by side in sufficient numbers to facilitate 

comparison. 

\t an early stage during the depression of the conducted action 

potential (for convenience, the period between twenty-four and forty- 

four hours), varicosity is not uncommon among fibers of the large, 

heavily myelinated and medium-sized, thinly-sheathed groups. Amplifi- 

cation of the incisures and widening at the nodes (Cajal) are of 

infrequent occurrence. Consequently, while at this stage this obser- 

vation is quantitatively of minor significance, its qualitative import is 

indicated by the fact that at a later stage these alterations are detected 

with increasing frequency in the more resistant fibers of the thickly- 

sheathed, large, myelinated group. Altered fibers are not as frequent 

among the fine, myelinated as among those of medium and large size. 

In them, change is confined to hypertrophy of the perinuclear cytoplasm 

of the Schwann’s cells with constriction of the diameters of segments 

of the fibers. Since this appearance is also present, though to lesser 

degree, in comparable fibers of normal nerves, it should not receive 

undue emphasis as evidence of early degenerative change. 

\s degeneration progresses, fragmentary change becomes apparent 

in myelinated fibers of all sizes. The involvement 1s most frequently 

met with in the medium-sized, thinly-sheathed fiber group; but frag- 

mented fibers of both the large somatic and fine autonomic are also 

seen. From seventy to ninety hours, many of the large, myelinated 

fibers, hitherto resistant to degenerative change, evince early fragmen- 

tation. mong these, the classic description of early degenerative change 

may be verified: occurrence of thinned, myelinic segments, widened 

nodes and amplified incisures. Also at this time, certain of the fine, 

myelinated fibers still retaining an intact myelin sheath (a significant 

number, table 2), stain less vigorously with osmic acid acid than their 

fellows. 

To render the histologic changes easy of comparison, counts were 

made of a hundred members of each of the three groups of myelinated 

fibers which are responsible for components of the conducted nerve 

potential. Osmic acid, 5 micron, longitudinal sections of the vagus 

| 

| 
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nerve were used. lIach counted fiber was placed in one of two groups: 

those intact throughout the segment available for study, and those 

fragmented. [arlier changes in the groups of large and medium-sized 

fibers, such as the occurrence of nodes and thinned myelinic segments, 

were disregarded. The ratio of fragmented to nonfragmented fibers in 

each of two groups was taken as an index of the average rapidity of 

degeneration in one as compared with the other. 

Our primary interest concerned the correlation of the rate of change 

in the amplitudes of the components of the conducted nerve potential 

TaBLeE 2.—WNatio of Fragmented to Nonfragmented Myelinated Fibers of the Several 

Size Groups Responsible for Components of the Action Potential at 

Intervals Following Section of the Vagus Nerve 

Ratio of Fragmented to Nonfragmented Fibers, 
Basis 100 Fibers 

Large Thickly Medium-Sized Thin 
Myelinatedt Sheathed} Fine Myelinated§ 

Hours Frag Nonfrag Frag Nonfrag- Frag Nonfrag- 
Cut Degree of Depressior mented mented mented mented mented mented 

potentials corresponding to 

myelinated fibers: A, : 

Usually relative depressior \ 17 i2 
Ki, abs.; Be, > 

Usually relative depressior ( 44 is 69 

ibs.: alos $2, > 

84 Usually abs. of myelinated po } 4] “4 ( 45 DD 

tentials: 

\bs ill potentials | 65 7 

* The degree of depression ndicated by : the normal area of potential, absolute 
depression, abs 

+ The fibers in this group had the following selected range: diameter, from 6.7.to 18.1 
microns: sheath thickness, from 1.4 to 2.4 microns 

t The fibers this group had the following selected range: diameter, from 4.8 to 6.5 
erons: sheath thickness, from 0.45 to 0.85 microns. 

§ The fibers in this group had the following selected range: diameter, from 1.4 to 
erons sheath thickness, from 0.4 to 0.65 mierons 

with the rate There- 

fore, stages from fifty-five to ninety-four hours were selected for the 

of morphologic change in the degenerating fibers. 

counts. After ninety hours,’a very few functionally active fibers may 

still be present, but with the amplification used these never gave rise to 

a recognizable potential. Structurally intact, myelinated fibers of all 

sizes (in varying proportions) do persist after ninety hours; but the 

more rapid removal of débris in the fine autonomic fibers introduced 

an obvious inaccuracy into counts carried beyond this period. 

The results of such counts are given in table 2. The ratios within 

the groups of large, thickly myelinated and fine, myelinated fibers indicate 

that the average rate of degeneration within the specified time limit 

is more rapid in the group of large fibers. When those for the large, 
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thickly myelinated and thinly-sheathed, medium-sized fibers are com- 
pared, the susceptibility to degeneration appears to. be more marked 
among the medium-sized. 

These contrasts are not easily made in somatic nerves because of th 
somatic fibers. For purposes of greater preponderance of the large, 

osmic acid stain Fig. 2——Photomicrographs of 5 micron longitudinal sections 

! large, thickly myelinated fibers; B, fine, myelinated fibers; 7, vagus cut fitty-tive 

cut sixty-eight hours; cut minety- hours previously ; 3, cut eighty-four hours; 

5, cut one hundred and seventeen hours 

1,+: B,, Li: B. +. and ¢ 

eight hours ; The depression of the action 

potential at the stage corresponding to / is usually 

Note the peristence of fine, myelinated fibers in the eighty-four, ninety unaltered. 

seventeen hour nerves. Zeiss & mm., 0 < 15. Magnih- 

275 diameters; ///, 540 diameters 

eight and hundred and 

cation (except ///), 

B 

B/ 

= 

T 
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comparison with the ratios of fragmented to nonfragmented large fibers 

in the vagus nerve series, table 3 gives the results of counts of members 

of this group in typical somatic nerves at stages from sixty to ninety-six 

hours. 

Average areas of the vagus nerve (osmic acid-stained, 5 micron, 

longitudinal sections) at stages from fifty-five to one hundred and 

seventeen hours are illustrated in the photomicrographs of figure 2. 

Comparison reveals the persistence of intact, fine myelinated fibers to 

A a late stage. 

= In the vagus nerve, the relative resistance of myelinated fibers as 

~~ compared with nonmyelinated was also studied. As early as fifty-five 

Ry hours, certain of the nonmyelinated axons, a small number, had become 

granular and were fragmented in places. However, the majority 

— 

Taste 3.—Ratio of I'ragmented to Nonfragmented Large, Thickly Myelinated 

ihers at Intervals lollowing Section of Somatic Nerves 

Ratio of Fragmented to 

Nonfragmented Fibers, 

Basis 100 Fibers 

Hours 

Nerve Cut Comment Fragmented Nenfragmented 

Ulnar 60 Depression 14 

Media 7 Depression abs. 69 1 

Sciatie 19 

Sciatic ‘ 

ndicates absolute depression 

appeared to persist intact to a late stage. Groups of them and _ single 

fibers, intact throughout their course but occasionally exhibiting slight 

varicosities, were observed among the granular fragmented remnants 

of the myelinated axons at the seventy-nine, ninety-two and one hun- 

dred and two hour stages. Figure 3 permits the comparison of average 

ireas (Ranson’s pyridine silver modification of the Cajal method) of 

the vagus nerve at the fifty-fifth and one hundred and second hours. 

COMMENT 

Functional studies made heretofore have not permitted a complete 

examination of the order of loss of function of the fiber groups in a 

nerve trunk. No method of grading the strength of stimulation neces- 

sary for such a purpose was available. This has been afforded through 

the development of the cathode-ray oscillograph as a recording mecha- 

nism and the establishment of a correlation between the form of the 

conducted action potential of a nerve trunk and its fiber composition. 

However, the literature affords some data pertinent to our problem. 

| 

| 
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Howell and Huber* found that, in dogs, somatic muscles failed to 

respond to nerve stimulation after four days of degeneration \s the 

A potential includes that of fibers responsible for the ordinary muscle 

Photomicrograph of 5 micron longitudinal section; Cajal-Ranson silver 

method for axons. The vagi nerves were cut fiftv-five (7) and one hundred and tw 

hours pre viously Note the persistence of nonmyelinated axons at the ] 

stage as compared with trankly degenerating myelinated on 

fibers: B, nonmyelinated fibers. Zeiss 3 mn 

diameters 

H.. and Huber, G. (¢ 

Degeneration and 

heir Connes 

; ) IND PSYCHIATRS 

t 
— 

e 

B- 

~ 

‘B 

| 

4 

| | 

¥ | 
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Fig. 3 

| | 
| 

8. Howell, Physiological, Histological and 
Clinical Study of the ration in Peripheral Nerve Fibers 

After Severance of TMEEEEEE-¢tions with the Nerve Centers, J]. Physiol. 13:335, | 
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twitch, we have evidence of fair agreement between their results and 

our own. Their time ts slightly longer, but it 1s to be remembered that 

the species of animal studied was different, and also it is possible that 

a very few active fibers might still be present in the cat at the end of 

three days without affording a recognizable potential at the amplification 

employed. 

It is well known that in mammals after from three to four days 

stimulation of the peripheral end of the severed vagus nerve fails to 

induce cardio-inhibitory effects. It has been established by Heinbecker ® 

that in the turtle the unmyelinated fibers of the vagus are responsible for 

cardiac slowing. It is highly probable that the same fiber type is con- 

cerned with this function in the dog. Assuming this, there is again 

good agreement with our present results and functional studies. No 

recognizable potential was elicited from unmyelinated fibers after ninety 

hours. 

It is of interest to note that the absolutely refractory period was 

again the most sensitive criterion of change in the nerve’s physiologic 

state \n increase of its value over the normal has been found by us 

to be a first index of depression following the application of many of 

the ordinary substances known to be nerve depressants. The ease and 

exactitude with which this can be determined warrants advocating its 

wider application in pathologic studies. 

The results of this investigation also afford evidence of a differential 

susceptibility of nerve fibers to the processes of wallerian degeneration. 

The decrescence of function in the various groups parallels in a fair 

way other knowledge concerning their physiologic properties. The 

fibers of slower orders (high threshold, slow conduction rate, and long 

refractory period), namely, the fine, myelinated and nonmyelinated in 

visceral nerves, retain their capacity to conduct the nerve impulse over 

a longer period than do the fibers of faster order, namely, those of the 

large, thickly myelinated and medium-sized, thinly-sheathed varieties. 

(Other students of nerve degeneration have adduced histologic 

evidence that the fibers of one or another of the groups considered pass 

through the stages of wallerian degeneration more rapidly than do 

those of the others 

Van Gehuchten and Molhant '” examined the vagus nerves of rabbits 

at intervals following the rupture of the intracranial filaments. They 

determined changes as early as forty hours in large, myelinated fibers 

9. Heinbecker, P The Effect of Fibers of Specific Types in the Vagus 

and Sympathetic Nerves on the Sinus and Atrium of the Turtle and Frog Heart, 

Am. J. Physiol. 98:220, 1931 

10. Van Gehuchten, A., and Molhant, M.: Les lois de la dégénérescence wal- 

lerienne directe, Névraxe 11:75, 1910 
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(osmic acid method). In successively later stages, studied by the Marchi 

method, black globules indicating the decomposition of myelin ( Mott 

and Halliburton '') appeared in the fine, myelinated fibers before they 

did in the large. They interpreted this to mean that the evolution of 

secondary degeneration was more rapid in the fine fibers. Their interpre- 

tation is undoubtedly correct so far as the changes they described were 

concerned, but physiologic and histologic evidence indicates that the 

average rapidity of early degenerative change is greater in the large 

than in the fine fibers. 

Cajal '* commented on the slower degeneration of “sympathetic or 

nonmedullated” fibers as compared with myelinated ones as follows: 

“These are the most resistant of all, remaining almost normal forty- 

eight and fifty-six hours after the section. Finally, that is from the 

fourth to the seventh day, they too undergo granular degeneration. i 

Ranson '* described nonmedullated atferent fibers in the spinal nerves. 

In a later paper '* he stated that in these afferent spinal fibers degenera- 

tive changes appear early, but confirmed Cajal’s results regarding the 

late degeneration of other nonmyelinated fibers. Our own results, both 

histologic and physiologic, are in agreement with those of Cajal and 

iso those of Ranson '* as far as this latter group is concerned 

SUMMARY 

The vagus, cervical sympathetic and various somatic nerves were 

severed aseptically in fifteen young adult cats and one monkey. The 

inimals were killed at intervals from twelve to one hundred and seven- 

teen hours and the distal segments examined by physiologic and 

histologic methods. For the functional study, the cathode-ray oscillo 

graph was employed to record the conducted action potentials of the 

severed nerves and their controls. For microscopic examination, chief 

reliance was placed on the appearance of fragmentation in the medullary 

sheaths, as evidenced in osmic acid-stained preparations Ranson’s 

pyridine-silver modification of the Cajal method was used to check the 

relative rates of degeneration in myelinated and nonmyelinated fibers. 

Results of the physiologic study showed: 1. Increase in the abso- 

lutely refractory period may be detected as early as twelve hours after 
) section 2. Significant reduction in potential area was usually not 

apparent before thirty-six hours. 3. The fiber groups of somatic and 

11. Mott, F. W., and Halliburton, R The Chemistrv of Nerve Degeneration, 

Phil. Tr. Roy. Soc. London 194:437, 1902 

12. Cajal (footnote 6, p. 105). 

13. Ranson, S. W Nonmedullated Nerve ihers in the Spinal Nerves, Am. 

\ t 12:67 1911 

14. Ranson, S. W Degeneration and Regen Nerve Fibers Com] 

if 

if 
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| 

Neurol. 22:487, 1912 
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visceral nerves characterized by different physiologic properties lose 

their action potentials in sequence. The potential from visceral afferents 

disappears first at from fifty to seventy hours; the potential from 

somatic motor and sensory fibers, five to ten hours later; then the 

potential from myelinated autonomics, and finally, the potential from 

unmyelinated fibers. A potential from unmyelinated fibers has not been 

elicited later than ninety hours postoperatively. 

In differential counts of three groups of myelinated fibers (large 

fibers, selected range, diameter from 6.7 to 18.1 microns; sheath thick- 

ness, from 1.4 to 2.4 microns; medium-sized, selected range, diameter 

from 4.8 to 6.5 microns, sheath thickness, from 0.43 to 0.85 micron: 

fine, selected range, diameter from 1.4 to 3.0 microns, sheath thickness, 

from 0.4 to 0.65 micron), fragmentation was set as an arbitrary 

criterion of degeneration. Those fibers not exhibiting fragmentation 

in the portion available for study in a 5 micron longitudinal section, 

stained with osmic acid, were counted in one group; those exhibiting 

fragmentation in at least one place, in another. The comparative values 

table 2) indicate that fragmentation occurs earlier on the average in the 

medium-sized, relatively thin-sheathed group, next in the large, myelin- 

ited fibers, and finally in the smallest, myelinated ones. Numerous 

noniragmented unmyelinated axons persist at a stage when in osmic 

acid stained preparations the sheaths of almost all myelinated fibers 

appear to be fragmented. 

i i} 
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THE SEN RATIO IN) MIGRAINI 

WILLIAM ALLAN, M.D 

CHARLOTTE, 

The trequency of the occurrence of migraine in women as compared 

with men is a matter of interest because of the relation of this dis- 

proportionate sex ratio to the inheritance of migraine Present knowl- 

edge of this sex ratio is derived from the reports of clinical cases, as 

shown in table 1, and shows a preponderance of women over met 

On the other hand, Gowers? said, “The preponderance of females 

has been greatly exaggerated,” and Crookshank * has more recently 

said that “Perhaps men suffer more frequently from true migraine 

than do women.” 

This preponderance of women in clinical reports led Jens Smith, 

while concluding that migraine was inherited direc dominant 

trait, at the same time to conclude that it must in some wavy be sex- 

linked. He otfered as evidence the statement that migraine most fre- 

quently descends from mother to daughter, next in frequency from 

mother to son, then from father to daughter, and least in frequency 

from father to son My observations on this phase of the question, 
) as shown in table 2, fail to confirm Smuth’s statement, for women have 

given me the history of headaches coming trom father or mother, or 

both, in relatively the same proportion as met 

It is probably unnecessary to point out that if a sex-linked dominant 

trait is carried on the x-chromosomes of either the male or female, 

such a trait will predominate in the female descendants only whet 

dominant father is mated to a normal mother or a mother heterozygous 

donunant for such a trait: in both of these incidences the temale 

descendants showing the trait would give a history of deriving it trot 

either father alone or both parents, but not from the mothet 

\s may be seen from tables 5 and 6, whether a dominant sex-linked 

trait is carried by mother or father, half the male descendants showin 

the trait would give a positive maternal history and half would give 

positive history in both parents, but none would give a positive paternal 

yt Submitted for publication, June 25, 

1. Allan, W The Inheritance of Migran Int. Med. 42: 5% (det 

1928 

2. Gowers, W. R \ Manual of Diseases of the Nervous System, « 

Philadelphia, P. Blakiston’s Son & Company, 1893, p. 83 

3. Crookshank, F. G Migraine and Other Comn Ni 

Kegan Paul. Trench, Trubner & Co. Ltd. 192 

4. Smith, Jens: Bibliot. f. leger 114:310 ( Aue 192 
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history alone, while the female descendants showing such a trait would 

give a positive parental history in the following ratio: Three would give 

a positive maternal history, four would give a positive history in both 

parents, and two would give a positive paternal history. Thus, if 

PABLE ] Sex Rat f Migraine in Reports of Clinical Cases 

Ra 

N W Me I M 

S Is: Gulstonian Lect M. T & 

Gaz. 16: 498, 1858 } 7 ; 4 

Liveing: Megrin, Sick Headache and A 
Disorders, London, J. & A. Churcl ] 

W ilsor Nervous Diseases, PI idel pt 

B he & Company, 1895, | 939 1 

Kov r I ig ne « 

I Vigot ftreres é 

M D Migraine, \ \. H 
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I lel pt William W & 

I Die Mi S 

I M. ¢ Nor \ 1 il 

S | f eet 114 Aug 

R H he P ‘ I I 
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migraine should pass most frequently from mother to daughter, it would 

not correspond with a unit dominant sex-linked hereditary character. 

There are a number of possible explanations for the discrepancy 

between the sexes: 1. It may be that authors reporting on the incidence 

of migraine see two or three times as many women as men; however, 

in a tabulation of 6,000 consecutive case histories of all sorts, I° found 

5. Allan, W Is Hypertens! Acquired or Inherited? South. Med. & Surg 

92:491, 1930 
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that I see, year in and year out, approximately equal numbers of men 

and women, so that this is not the reason that women outnumber 

men among my patients with headache. 

2. Possibly many types of headache in women have been included 

that were not true migraine. Considering flittering scotoma to be 

pathognomonic of migraine, I have analyzed 402 case histories in which 

the presence or absence of flittering scotoma was definitely noted. 

Of the 122 men, 74, or 60 per cent, had flittering scotoma, and of 280 

women, 127, or 45 per cent, had flittering scotoma. However, if enough 

FABLE 3.—Kecessive Gen ) Carried \-Chromosomes of the Kemal 

DY Dr » 

D DY DD DY D 1 ‘ 

DD DY 
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ite eSsive The sit ‘ epresent 

LABLE 4 eG Carried \ f ti Va 

DD \ I) DY Dr DY 

\ D 

DD DY 
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histories of women without scotoma are eliminated to make the per- 

centage of scotoma in the two sexes equal, there are still almost twice 

as Many women as men, so that the inclusion of nonmigrainous head- 

aches in women is not the answer to this problem 

3. Although the inheritance of migraine may be the same in men 

and women, clinical headache may not develop at all in a certain pro- 

portion of men—incomplete dominance. [| know of nothing that would 

support this explanation except that of the small number of persons 

in whom migraine develops as late as the fourth decade, there are more 

men than women 

+. If migraine is inherited as a unit character and sex-linked, it 

must be either dominant or recessive, and carried on the x-chromosomes 

of either the male or the female. Sex-linked recessive traits ° appear in 

more male than temale descendants, as may be seen in tables 3 and 4. 

| 

6. Morgan, T. H.: The Physical Basis of Heredity, Philadelphia, J. B 

Lippincott Company, 1919, p. 168 
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Sex-linked dominant traits, whether carried on the male or female 

x-chromosomes, appear in more female than male descendants, as illus- 

tables 5 and 6, so that it is necessary to determine the actual trated in 

relative incidence of migraine in the two sexes in the general population. 
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EXPERIMENTAL DATA 

\s occupation * plays no part in the incidence of migraine in either 
sex, the members of the Mecklenburg County Medical Society and their 
wives were selected for investigation of the incidence of migraine. 

This group of men and women, because of intelligence and more or less 

familiarity with the subject, would give more accurate histories and 

would submit to more persistent quizzing than any group I could reach: 
they constitute a fair random sample of the general white population 
of North Carolina. 

\mong 103 men, 56, or 54 per cent, gave a history of periodic 

headaches that could be clinically classified as definite migraine ; 90 per 

cent of these gave a positive parental history; 48 per cent had both 

hemicrania and flittering scotoma, and in 73 per cent the headaches 

had started before the age of 21. In addition, 13 had headaches that 

were too infrequent or too atypical to be definitely recognized as _peri- 

odic migraine; but even in this group there was a positive parental 

history of migraine in 91 per cent. Among the 34 men without head- 

ache, there was a positive parental history in 29 per cent 

\mong the 92 wives, there were 50, or 53 per cent, with definite 

clinical migraine, 90 per cent having a positive parental history, 55 per 

cent having hemicrania and 40 per cent flittering scotoma, with the onset 

before the age of 21 in 8&5 per cent. In addition, there were 7 women 
with headaches too infrequent or too atypical to be recognized as 

migraine. .\ comparison of the frequency of typical migraine, atypical 

headaches and no headaches in the 103 physicians as compared with 

the 92 wives shows that the frequency of migraine is the same in the 

two sexes 

While the frequency of migraine in men and women seems to be 

the same, for anatomic and physiologic reasons migraine is more often 

a more severe malady in women than in men, as shown by the greater 

duration of the headaches and the somewhat greater frequency of nausea 

and vomiting in women. 

CONCLUSIONS 

The incidence of migraine is the same in men as in women, but, 

clinically. one sees more women than men with migraine, because the 

headache is more often severer in women. 

7. Allan, W he Relation of Occupation to Migraine, J. Nerv. & Ment 

Dis. 66:131, 1927 
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Clinical Notes 

ENCAPSULATED BRAIN HEMORRHAGES 

A Study of Their Frequency and Pathology 

G. Ropsinson, Jr., M.D., KANsAs City, Mo 

While preparing a case of encapsulated brain hemorrhage for presentation at 

1 meeting of the Philadelphia Neurological Society, it was found that in the 

records of the neuropathology laboratory of the Philadelphia General Hospital 

here were only two cases of this character in about four thousand cases studied 

the laboratory. Dr. W. G. Spiller kindly allowed me access to his collection, in 

vhich were three similar cases in about eight hundred. The small incidence led 

ne to consider that they should be reported. 

\ study of the literature of these cases seems to show that a brain hemorrhage, 

even. when rather extensive, does not cause sudden death and that even recovery 

occur, provided that the hemorrhage is either walled off, it large, or absorbed, 

small. To my knowledge, however, only two such cases have been reported in 

glis| Spiller ! reported a case in 1906 among thirteen cases of extensive brain 

hemorrhage, with death and necropsy. This case is being used in the present 

series. Douglas, in 1925, reported a hemorrhage of four years’ duration, which 

was encapsulated and cystic I shall discuss this case in more detail later. 

he duration of life after hemorrhage into the brain is not known exactly. 

Spiller, in thirteen cases, found that the patients survived for from five hours to two 

aiter a hemorrhage into the brain, and concluded that rapid death does not 

w a cerebral hemorrhage. Thomas,* Spillsbury * and Maloney,® from separate 

series of cases, concluded that cerebral hemorrhage is not a cause of sudden death, 

nd Oppenheim,® while agreeing with them, stated that only medullary hemorrhage 

will cause sudden death. 

Cadwalader * found that cerebral hemorrhages are apt to be large. Of twenty- 

cases reported in 1911, only four measured less than 4 cm. in their broadest 

diameter. He concluded that large hemorrhages are always fatal, and that it is 

probable that all hemorrhages may he fatal. He also did not believe that hemor- 

Submitted for publication, Aug. 24, 1931. 
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2. Douglas, R. G \ Case with an Old and a Recent Hemorrhage, Canad. 

M. A. J. 15:638, 1925. 
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rhages will cause sudden death. Winkelman and Eckel,> in an analysis of thirst, 

cases of proved hemorrhages, in which the times of onset and death were definite) 

known, believed that cerebral hemorrhage does not cause immediate death. that 

less than one hour, even in cases of hemorrhage within the pons or of ruptuy: 

nto the ventricles 

Kron and Mintz ® reported an operation on a patient with cerebellar hemorrhag: 

seventeen days after the onset of symptoms, with practically mplete recovery 

lhe hemorrhage was the size of a bird’s egg, and invaded the right side of J 

cerebellum near the midline to a depth of 6.75 cn It was not encapsulated 

The pathologic process is similar to that of hemorrhage in other parts of ¢ 

body, plus a characteristic neurologic reactiot Oppenheim © stated that apoplecti 

cysts may be found three or four weeks after a hemorrhag: is urred , 

adjacent cerebral substance torms by proliter ition t the glia and conne tive tiss 

a sort of capsule around the hemorrhagic focus he contents of the capsule ar 

gradually absorbed, until there remains only a cavity filled with serous fluid. It 

is seldom that complete cicatrization takes plac: 

Buzzard and Greenfield stated that ear] the seat t the hemorrhage js 

occupied by a red clot, which is easily separated from the surrounding: tissues 

These tissues are infiltrated and softer than usual Later, the clot and the alls 

undergo changes he clot shrinks, remaining red in the center and growing vel] 

at the periphery \iter a lapse of time, the coagulum becomes complete! 

absorbed, and its place 1s taken either by proliferated scar tissue or b i quantit 

more or less blood-stained fluid. Changes in the wall are taking place during 

this time, namely, the destruction of the nerve elements and the proliferatior 

the neurological tissue The newly formed glial substance either forms the lining 

membrane of the cavity or binds the walls together. The final results may be 

either a large single cavity, a multilocular cavity or a linear scar. These rel 

can scarcely be distinguished from other lesions of similar antiquity 

This view—that vascular lesions of the brain substance, when of nsiderable 

ige, are indistinguishable from each other—is held by most workers in this sub- 

ject. Douglas thought that the finding of blood pigment in some quantity around 

a tocus proved that the lesion was a hemorrhage In his case, the patient had had 

vascular insult to the brain from which he had recovered; four years later, 

died from a second insult \t necropsy:a tresh hemorrhage was found in the 

left internal capsule, whi ad ruptured into the ventricle, and was the immediate 

cause of death. On the right side was the older lesion, which had occurred four 

years before. This consisted of a cyst, filled with clear yellow fluid, surrounded 

by a fibrous membrane, outside of which was an area of yellow pi 

the surrounding brain; microscopically, this proved to be blood pigment 

REPORT OF CASI 

Case 1.—Spiller’s case, reported in the series in 1906, showed clinically a rig! 

spastic hemiplegia and aphasia \ month and a half after the sudden onset, at 

operation was performed, and a left subdural hemorrhage was found. The patiet 

died two weeks later, and a hemorrhage, measuring 7 by 2.5 cm., was found in tl 

8. Winkelman, N. W., and Eckel, J. | Extensive Brain Hemorrhages, 

Nerv. & Ment. Dis. 61:593, 1925. 

9. Kron, I, and Mintz, W. G.: Kleinhirnblutung geheilt durch Operation, 

Deutsche med. Wehnschr. 53:1054 (June 17) 1927 

10. Buzzard, E. F., and Greenfield, J. G Pathology of the Nervous System, 

London, Constable & Co., Ltd.. 1921, p. 118 
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left ventricular nucleus and internal capsule. The clot appeared to be of long 

duration and was partly encapsulated. 

Case 2.—F. S. was admitted to the University Hospital on Jan. 24, 1900, with 

a history that on Sept. 27, 1899, paralysis of the right side of the face, deafness 

of the right ear and pain in the right eye had developed. On Dec. 21, 1899, he 

had an apoplectic seizure of the right side. A month later, he was admitted to 

the hospital in a semiconscious condition, with a central paralysis of the right side 

of the face, deafness of the right ear and motor aphasia. Sensation of the skin 

was normal. Death occurred six weeks after the onset. Necropsy revealed a 

small hemorrhage, measuring 1.5 by 1 cm., in the left optic thalamus and internal 

capsule ; it was firmly encapsulated and walled off from the normal brain substance. 

Case 3.—W. E., aged 54, suddenly became unconscious for an hour in August, 

1917. The right leg was paralyzed. Five months later, speech became affected, 

and he could not speak properly. He was admitted to the University Hospital, on 

Dr. Spiller’s service, where he showed poor mentality and rather contradictory 

physical signs: the tongue tended to deviate to the left, but the right side of the 

face was weak; the reflexes of the upper extremities were normal, but the left 

patellar reflex was exaggerated; there was also a Babinski sign on the right, but 

not on the left. The patient died on Aug. 16, 1918. Necropsy revealed a small 

encapsulated hemorrhage in the right optic thalamus and internal capsule, with an 

area of softening in the left occipital lobe. 

Comment.—These three patients from the Spiller collection of cases lived from 

two months to one year after the acute onset; one of the patients of the Philadel- 

phia General Hospital series lived forty-six days, the other fifty-three days. 

Case 4.—A white man, aged 66, while fishing had a stroke that affected the 

whole left side. Twenty-three days later, he was admitted to the neurologic service 

of Dr. J. W. McConnell. Examination revealed a typical spastic left hemiplegia. 

The patient died on June 2, forty-six days atter the onset of the trouble. A diag- 

nosis of right cerebral thrombosis and chronic myocarditis had been made. The 

necropsy revealed myocardial hypertrophy and degeneration, with secondary coro- 

nary sclerosis. There was congestion of the liver and spleen, with chronic glomer- 

ular nephritis. The brain was normal in size, shape and weight. The hemispheres 

presented a moderate edema; there were fibrosis of the membranes and a marked 

arteriosclerosis. Section of the brain in the horizontal plane revealed a hemorrhage 

cm.; it had destroyed the posterior portion of the internal capsule, the lenticular 

nucleus, the external capsule and the island of Reil and had invaded the anterior 

portion of the internal capsule. It was older than the usual hemorrhage, as it was 

in the right basal ganglion area; it was roughly oval and measured 5.5 by 2.5 

surrounded by a membrane and was apparently becoming organized. The gross 

diagnosis was arteriosclerosis and encapsulated cerebral hemorrhage. 

Case 5.—The patient was admitted to the Philadelphia General Hospital with 

tabes, in 1916. On Nov. 23, 1923, he had a rapidly progressing right hemiplegia ; 

he died on Jan. 15, 1924. Autopsy revealed a hemorrhage into the left lenticular 

region, 1.5 by 2 cm. wide and 6 cm. long, with a well marked capsule. 

Histologic Studies——Microscopically, these foci presented the following picture: 

The center of the lesion consisted of a disintegrating blood clot, at the periphery, 

in which were pigment-laden phagocytic cells of the microglial or gitter cell type. 

Immediately around the clot was a fairly dense network of fibrous tissue, which 

was being laid down in an effort to wall off the hemorrhagic focus from the rest 

of the brain. That this was fibrous tissue and not glial tissue was shown by dif- 

ferential stains (van Gieson) ; also, the fibrous tissue contained numerous young 

fibroblasts which were in the process of proliferation. The area was rather nar- 

_<$_ 
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row, but extended around the entire clot. In the meshes of the fibrous tissue were 

also many pigment-laden phagocytic cells, these cells were larger and contained 

more pigment in the inner portion than in the outer, while in the outer margin 

were many lipoid-containing cells of the same phagocytic type. 

The third concentric layer consisted of a softened area immediately around the 

fibrous capsule, in which were many closely packed gitter cells containing lipoid 

and some containing blood pigment. The perivascular spaces of the vessels con- 

tained numerous gitter cells. Around this area, which was not sharply defined, 

was a variable width of brain tissue showing status spongiosus. The Virchow- 

Robin spaces of the vessels contained a cellular exudate, many of the cells being 

naked nuclei, in appearance not unlike small lymphocytes. 

The glial reaction merited special consideration, as there was a rather marked 

macroglial reaction in this region. The glia cells were more numerous than nor- 

mal and were uniformly scattered throughout the fibrous tissue network and in the 

area beyond. 

COMMENT 

There are two points of interest in these cases, first, the clinical aspect, and, 

second, the pathologic reactions. From the clinical standpoint, it would seem that 

brain hemorrhage is a fatal condition. The five patients in the cases reported all 

died, even though the reaction of the brain was sufficient to wall off the hemorrhagic 

lesions to a greater or less degree. This view is borne out further by the scarcity of 
such cases in the literature and in pathologic laboratories. If this type of case were 

of frequent occurrence more cases would be found. I therefore think that while brain 

hemorrhages are never immediately fatal, the patients die in a variable length of 

time. I therefore agree with the opinion of Cushing, expressed many years ago, 

that when feasible these hemorrhages should be opened and drained at the earliest 

opportunity. 

Pathologically, while the tissues of the brain make an effort to wall off hemor- 

rhagic lesions, this is not usually successful. The reaction is by both fibrous tissue 

and glial elements, and is not complete after six weeks. 

CONCLUSIONS 

1. The elements of the brain react to wall off pathologic foci. 

2. Brain hemorrhages are almost invariably fatal, even though a pathologic 

reaction has taken place. 

THE PULSE CURVE IN A CASE OF PROGRESSIVE 
MUSCULAR DYSTROPHY 

WaLtTeR M. Kraus, M.D., NEw York 

The demonstration of abnormalities of the pulse rate in progressive muscular 

dystrophy is an added diagnostic point in doubtful cases. What follows emphasizes 

this. Goodhart and Globus! showed in 1918 and Globus? in 1923 that the heart 

Submitted for publication, Oct. 5, 1931. 

1. Goodhart, S. P., and Globus, J. H.: On the Nature of Muscular Dys- 

trophies, with a Report of Changes in Cardiac Muscle in Two Cases, Neurol. 

Bull. 1:386, 1918 

2. Globus, J. H.: The Pathologic Findings in the Heart Muscle in Progressive 

Muscular Dystrophy, Arch. Neurol. & Psychiat. 9:59 (Jan.) 1923. 
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Fig. 1.—Graphic record of the heart rate of a patient with progressive muscular 
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muscle is diseased in muscular dystrophy. In 1929, Boas * published pulse curves 

during sleep, cardiotachometrically obtained, and demonstrated the great drop 

that normally occurs. In 1928, Boas described the cardiotachometer, an instryu- 

ment that can count automatically all of the pulse beats for indefinite periods ef 

time. In 1931, Boas*® published reports of seven cases of muscular dystrophy in 

which the normal drop during sleep was absent. It is therefore not unexpected to 

find such curves as are here given. Figure 1 is from one of Boas’ cases; figures 

Bellevue 

Hospital (service of Dr. Foster Kennedy). The pulse was taken at hourly intervals 

2 and 3, from a case observed by me on the neurologic wards at 

and not by the more exact method of cardiotachometry. Nevertheless, the curves 

demonstrate fully the absence of the normal drop in pulse rate during sleep. 

The significance of this abnormality is not clear beyond indicating weakness 

of the heart muscles. As a result, there is a demand for more frequent contractions. 

Further records of these relatively rare cases are desirable 

3. Boas, E. P., and Weiss, M. M.: The Heart Rate During Sleep as Deter- 

mined by the Cardiotachometer: Its Clinical Significance, J. A. M. A. 92:2162 

(June 29) 1929. 

4. Boas, E. P.: The Cardiotachometer, an Instrument to Count the Totality 

of Heart Beats Over Long Periods of Time, Arch. Int. Med. 41:403 (March) 19238. 

5. Boas, E. P., and Lowenburg, H.: The Heart Rate in Progressive Muscular 

Dystrophy; Studies with the Cardiotachometer, Arch. Int. Med. 47:376 (March) 

1931. 
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SPECIAL ARTICLE 

THE DIAGNOSIS AND TREATMENT OF TUMORS 

OF THE BRAIN 

REVIEW OF THE SYMPOSIUM AT THE FIRST INTERNATIONAL 

NEUROLOGICAL CONGRESS 

FRANCIS C. GRANT, M.D. 

PHILADELPHIA 

The papers presented on the opening morning of the International 

Neurological Congress at Bern dealt with three phases of the problem 

of tumors of the brain. In the first four communications certain aspects 

of the clinical neurologic symptoms of these lesions were considered. 

In the second group of papers the pathology of tumors of the brain 

was discussed, together with the variations in position, rapidity of 

growth and possibilities for complete extirpation without the recurrence 

noted in different tvpes of tumors. Proper evaluation of these facts 

has an important bearing on preoperative prognosis and operative 

procedure. Lastly, mechanical methods of localization, by roentgen 

changes in the skull produced by the tumor, puncture of the brain and 

the injection of air or arterial encephalography were outlined, and the 

usefulness of each method was discussed. In this way the problems 

that present themselves in an attack on an intracranial tumor were 

taken up in logical order and considered in the same fashion that the 

case frequently demands when the neurologist or neurosurgeon studies 

a patient. 

In his introductory comments, Sir James Purves-Stewart reviewed 

the mechanisms whereby a progressively expanding tumor affects the 

brain and produces symptoms. ‘The clinical evidence of the presence 

of such a lesion results from pressure on and displacement of adjacent 

fiber tracts rather than from actual destruction of nerve elements by 

the tumor. But the most important factor in the causation of symptoms 

is the interference by the tumor with the circulation of the blood and 

the cerebrospinal fluid in contiguous areas. As the tumor increases in 

size, adjacent blood vessels are compressed and about the periphery of 

the lesion a zone of venous engorgement is produced with consequent 

irritative phenomena. As the tumor expands still farther, nearby 

capillaries are obliterated, anemia of the surrounding tissue occurs, and 

paralytic clinical symptoms result. As the lesion progresses, therefore, 

it produces an increasingly large paralytic zone surrounded by a still 

wider zone of irritation. 

Submitted for publication, Feb. 8, 1932. 

The congress was held in Bern, Switzerland, in September, 1931. 
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Certain tumors, even though they are situated in or near active 

cortical areas, may give astonishingly little evidence of their presence. 

In all probability this is due to the small size of the lesion or to its slow 

growth, so that the surrounding brain is subjected gradually to cir- 

culatory disturbances, and has opportunity to adjust itself to them. 

Furthermore, the varying rate of the onset of circulatory disturbances 

may explain why similarly placed tumors produce widely different 

manifestations. Lesions producing a sudden intracranial pressure give 

much more widespread symptoms than do those accompanied by a more 

gradually appearing tension. For example, following severe cranial 

trauma delirium results, but in acute internal hydrocephalus merely 

drowsiness, while in chronic pressure due to a tumor, mental dulness 

only is observed. In cases of excessively slow development of pres- 

sure, as in infantile hydrocephalus, no mental change can be noted. 

But even in cases of chronic pressure, as in a tumor with slowly 

developing hydrocephalus, if for any reason a sudden blockage occurs, 

the symptoms may emerge rapidly from the latent to the active stage. 

Broadly speaking, the general symptoms of tumor are due rather 

to interference with the circulation of the cerebrospinal fluid than to 

the presence of the foreign body itself. These general symptoms may 

exist regardless of the site of the tumor. Local symptoms vary with 

the site and size of the tumor and its effect on the circulation of the 

blood and the spinal fluid in adjacent structures. 

Following these introductory comments on the symptomatology of 

tumors of the brain in general, Vincent, Ayala, and Kennedy discussed 

the clinical picture accompanying a neoplasm in the midline above the 

tentorium, in the subtentorial space and in the frontal and temporo- 

sphenoidal areas of the cerebral hemispheres. 

Vincent is of the opinion that although tumors obstructing the 

aqueduct of Sylvius are relatively uncommon, they present a_ real 

problem in diagnosis which is often difficult to solve. Failure to find 

a proper solution results only too often in disaster for the patient and 

surgeon. 

In certain of these tumors, the clinical signs that accompany them 

may give some clue to their position. ‘This is particularly true if the 

optic chiasm, the pineal body, the quadrigeminal plate or the cerebellar 

lobes are involved. In the majority of cases, however, no signs of 

any value in localization can be noted. Evidences of intracranial 

pressure alone are present. Ventriculography or encephalography must 

then be used to solve the problem. Even after the injection of air, only 

the position of the lesion and not its type, whether a tumor or an 

inflammatory reaction, can be determined. However, this differentia- 

tion is of academic interest only. for in either case an attempt to 
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remove the obstruction by surgical means is the only procedure that 

offers any chance for permanent relief. Vincent thinks that although 

a ventriculogram, plus the use of colored dyes to determine whether 

or not free communication exists between the lateral ventricles, can 

show whether or not the third ventricle is dilated, by this means the 

neurosurgeon cannot be sure whether the obstruction lies in the anterior 

or the posterior part of the aqueduct. He advises an encephalogram to 

discover whether or not the fourth ventricle can be filled from below. 

I believe that an encephalogram should never be used under such 

circumstances. Encephalography is a dangerous procedure if intra- 

cranial tension is high, and tumors of the third ventricle are always 

accompanied by increased pressure. Furthermore, as Vincent admits, 

when tumors in the aqueduct are present it is often difficult to fill the 

fourth ventricle by lumbar insufflation. Under such circumstances it is 

suggested that intracranial tension first be lowered by direct ventricular 

drainage. This makes lumbar puncture comparatively safe, and relief 

of pressure may allow filling of the fourth ventricle if an encepha- 

lography is promptly performed. The point that Vincent makes is an 

important one ; namely, to attack by the suboccipital route a tumor block- 

ing the aqueduct from above is a useless and usually a fatal procedure. 

It was gathered from his comments: (1) that he considered that tumors 

blocking the upper part of the aqueduct cannot be localized in many 

instances by ventriculography, and (2) that they are usually inoperable 

and had better be left alone to avoid an operative mortality. However, 

[ believe that a properly taken and filmed ventriculogram of a tumor of 

the third ventricle will rarely fail to give all the information necessary 

for accurate outline of the operative approach. I do agree that tumors 

in and around the aqueduct present almost insuperable problems to 

surgical removal, but they have been successfully extirpated by various 

surgeons. If nothing is done, the patient with such a lesion is doomed ; 

if the patient wishes it, he should be given the chance. I am also in 

accord with Vincent’s opinion that, faced with a patient showing only 

increased pressure and no neurologic localizing signs, if a ventriculogram 

shows a dilated third ventricle the operative attack should be carried out 

through the suboccipital approach if the surgeon feels that such a 

procedure is indicated. 

Ayala, in discussing the symptoms of cerebellar tumors, stated that 

such tumors as a rule produce symptoms that easily distinguish them 

from lesions above the tentorium. Although the x-rays and other 

methods may give evidence of important localizing value, the diagnosis 

can usually be made from the neurologic signs alone. The underlying 

pathologic basis for the symptoms produced by tumors situated in this 

region is the same whether the growth is located within or without the 
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cerebellum or in the bulb, for tumors in this area more than in any other 

intracranial region involve the anatomic integrity and physiologic fune- 

tions of important vegetative and coordination centers. The space in 
which these tumors are found is relatively narrow, and for this reason 

interference with the circulation of the cerebrospinal fluid soon occurs. 

This accounts for the relatively early appearance of symptoms of 
increased intracranial pressure. 

There are three groups of symptoms produced by lesions of the 

posterior fossa: (1) those of an irritative or paralytic nature, caused 

by the presence of the tumor itself; (2) symptoms resulting from 

obstructive hydrocephalus, which accompanies the tumor, and (3) 

neighborhood symptoms due to pressure by the tumor on adjacent struc- 

tures. The site of origin of the tumor and the rapidity and direction 

of its growth may modify the order of the appearance of these three 

groups of symptoms. As a rule, however, there is no relationship 

between the character and variety of the clinical signs and the size of 

the tumor. This is due to the fact that the brain can apparently adjust 

itself to the presence of a tumor, and that undamaged areas can to a 

certain degree take over the functions of the parts involved. In this 

way, slow-growing tumors may reach a large size without producing a 

cleancut picture of cerebellar involvement. 

Although Ayala believes that one should not speak of a syndrome 

as definitely pathognomonic of a tumor situated in any particular 

cerebellar area, nevertheless, there are groupings of clinical symptoms 

that appear with sufficient frequency to permit of approximate localiza- 

tion. 

The first of these clinical forms is characterized by the rather sudden 

appearance and then siow development for a long period of symptoms 

suggesting bulbar involvement. 

In the second group are the angle tumors in which the first 

symptoms are referred to the eighth and seventh nerves, with cerebellar 

involvement coming on later. 

The third type is made up of intracerebellar tumors producing 

unmistakable cerebellar and vestibular signs from the beginning, with 

symptoms referable to the pyramidal, sensory and vegetative pathways 

appearing later. 

The fourth group consists of the midline cerebellar tumors or 

tumors of the fourth ventricle, giving bilateral vestibular and cerebellar 

symptoms together with evidence of involvement of the nuclei of the 

cranial nerves in these regions. Owing to the position of these tumors, 

the clinical picture may develop abruptly, as they interfere with the 

circulation of the cerebrospinal fluid. 

f 
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Kennedy outlined the major clinical features of tumors of the 

frontal and temporosphenoidal lobes. The localizing signs of deteriora- 

tion in the function of these areas are often vague and misleading. 

Changes in personality are usually more frequent than from lesions 

elsewhere. An inapt jocosity may appear early, passing through failure 

in general memory to hebetude, with frequent yawning and partial 

stupor. This drowsiness resembles true sleep less than does that result- 

ing from hypothalamic neoplasms. Frequent loss of sphincter con- 

trol is characteristic and cannot always be ascribed to mental and 

emotional change. Occasionally tonic perseveration of muscular action 

is seen contralaterally, especially when the anterior part of the corpus 

callosum is involved. The most characteristic station is titubation on 

the heels with retropulsion. Compression backward often produces 

mild contralateral pyramidal signs, but a meningioma placed anteriorly 

may press across the midline of the brain, giving rise to similar motor 

reduction and reflex changes on the same side as the main growth. 

A difficulty in the emission of speech without internal language involve- 

ment may occur where cerebral dominance has been appropriately 

determined by the patient’s stock and handedness. However, these 

signs may be equivocal. The following syndrome, when present, is 

pathognomonic of a tumor of the frontal lobe: ipsolateral retrobulbar 

neuritis with central scotoma and great reduction in visual acuity, asso- 

ciated with contralateral papilledema and ipsolateral anosmia. 

Temporosphenoidal tumors may produce a rather more complex 

group of symptoms, for in this region are centers for speech, taste and 

smell, while deeply seated tumors impinge on the optic radiations, 

producing homonymous hemianopic visual field defects. When hemi- 

plegia develops, the face is more markedly affected than either the arm 

or the leg. Characteristically, speech defects consist in loss of recollec- 

tion of names and of errors in naming. Motor speech is not involved 

and word deafness infrequently occurs. 

Following after this outline of the symptomatology of tumors of the 

brain came a discussion of their pathology by Bailey, Penfield and 

Roussy and Oberling. 

Bailey considered particularly the gliomatous tumors, dividing them 

into three great groups, the medulloblastomas, glioblastomas and astro- 

cytomas. These three types differ widely in age at onset, site of origin 

and biologic behavior. 

The medulloblastoma is almost exclusively a tumor of the mid- 

cerebellum in children. Its clinical evolution is rapid, the average 

length of life of the patient from onset of symptoms to death being 

about fifteen months. Microscopically, the tumor is composed mainly 

of small cells with oval hyperchromatic nuclei and very little cytoplasm. 

i 
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Pseudorosettes occur, and spongioblastic and neuroblastic cell types 

are frequently encountered. The origin of these tumors seems to be 

confirmed, and from both a pathologic and a clinical basis they seem to 

form a well defined group composing about 10 per cent of all gliomas. 

On rare occasions a tumor of this type may appear in the cerebral 

hemisphere in adults. 

The glioblastoma multiforme, the spongioblastoma of Globus and 

Strauss, occurs almost exclusively in the cerebral hemisphere in adults, 
The growth of these tumors is rapid, the average length of the clinical 

course between onset of symptoms and death of the patient being about 

twelve months. The symptoms often appear abruptly, because hemor- 
rhage and thrombotic softening in the tumor are common. The tumor 

is composed microscopically of anaplastic neuroglia cells, and has all 

the characteristics of rapid growth: numerous mitotic figures, giant cells 

and marked vascularity. This group makes up from 20 to 30 per cent 

of all gliomas. 

The third great family is that of the astrocytomas. This is a slow- 

growing, indolent tumor having a marked tendency to undergo lique- 

faction and cyst formation. The entire tumor may become cystic except 

for a nodule remaining in the wall. If the cyst is evacuated and this 

nubbin is completely removed, the tumor will not recur. These tumors 

compose about 30 per cent of all gliomas. 

The importance of knowing the probable histologic nature of the 

tumor before operation is self-evident, for on this knowledge depends 

in great part the way in which the tumor will be attacked. At present, 

by the use of supravital stains it is possible to determine at once with 

marked accuracy the type of tumor encountered. Based on_ this 

knowledge the operator can decide how far he must go in attempting 

to extirpate the tumor. If, for example, an astrocytoma is present, 

a much more determined effect should be made completely to remove 

the growth, for total excision is not followed by recurrence, whereas 

an infiltrating spongioblastoma would require an extensive block dis- 

section for its extirpation, and even then a recurrence of the neoplasm 

is extremely likely to occur. 

Following on this outline of the various types of tumors arising from 

the neuroglial structure of the brain, Penfield discussed the histo- 

pathology of those originating from the membranes surrounding the 

nerve structures—the dura and the nerve sheaths. It is his opinion 

that, from the standpoint of neurology and neurosurgery, it is important 

to adopt a generally recognized nomenclature for these tumors. Changes 

from the generally accepted terminology describing any neoplasm are 

to be deprecated, especially when the newly adopted terms do not 
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express an important recent discovery bearing on the embryology or 

histology of the tumor in question. 

The first group of these tumors of the neural envelopes considered 

by Penfield is that most frequently encountered, the meningeal 

fibroblastoma. ‘These have hitherto been called psammomas, dural endo- 

theliomas or meningiomas. Tumors of this type form a well recog- 

nized group. In 1903, Schmidt recognized that they originated from 

arachnoid fibroblasts invading the dura. The term dural sarcoma should 

be avoided in designating such tumors as it suggests a malignant ten- 

dency, whereas they are entirely benign. Dural endothelioma, menin- 

gioma and psammoma are acceptable terms as they indicate correctly 

their origin and development. 

Bailey and Bucy (1931) have recently introduced nine subdivisions 

into the classification of meningeal tumors. These authors include 

angioblastomas, melanoblastomas, lipomas and diffuse sarcomas of the 

pia mater in their subgroups, four important tumor types that might 

well be classified as, meningiomas. Penfield believes strongly that 

these four groups do not belong in the same classification with the 

dural endotheliomas. The other five subdivisions that they suggested, 

the mesenchymatous, meningotheliomatous, fibroblastic, psammomatous 

and osteoblastic types, however, all may well be placed in the group 

Penfield designates as a fibroblastic meningioma. That fibroblastic 

meningiomas may be divided into such subdivisions is good evidence 

of the developmental possibilities of the meninges, a fact that Bailey and 

Bucy admit. However, Penfield believes that these different groups are 

all variations of the same tumor of which the typical cell, when suf- 

ficiently differentiated, has all the characteristics of a fibroblast. It is 

for this reason that Mallory, in 1920, called these tumors arachnoid 

fibroblastomas, and Penfield in complete agreement with him designated 

them as fibroblastomas, substituting the term meningeal for arachnoid 

in certain instances in which the growth had no great connection with 

the arachnoid. 

Sarcomas of the dura should be mentioned, as these tumors show a 

structure sometimes reminiscent of the meninges and meningeal fibro- 

blastomas. Sarcoma of the leptomeninges, also a rare neoplasm, metas- 

tasizes through the cerebrospinal fluid, as is to be expected. 

Tumors of the nerve sheaths fall into three groups. The problem 

is one of terminology and identity. The first type is the perineurial 

fibroblastoma. The outstanding histologic characteristic of these tumors 

is the presence in them of long hairlike fibrils. They are reticulin 

fibrils. These hairlike fibrils pass off continuously into the lepto- 

meninges, showing the identity of their structure with the collagen 

structures of the leptomeninges. 

{ 
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The second group consists of the peripheral gliomas, which are 

exceedingly rare. They rise from the sheath of Schwann cells or their 

precursors, but do not in any way resemble perineurial fibroblastomas. 

Further consideration of the pathology of tumors of the brain was 

carried on by Roussy and Oberling. Based on the examination of about 

250 such lesions, these authors divided them into five groups: gliomas, 

ependymochoroidal tumors, ganglioneuromas, neurospongiomas and 

neuro-epitheliomas. Gliomas are again subdivided into three types: 

astrocytomas, oligodendrogliomas and glioblastomas. Although Roussy 

and Oberling agree that the distinction between fibrillary and proto- 

plasmic astrocytes should be abandoned, they then proceed to develop 

five different groups depending on various histologic variations, the size 

and shape of cells, the amount of fibrous tissue and other factors. The 

oligodendrogliomas, they admit, have been so well described by Bailey 

and others that they only need subdivision into three groups. The group 

of tumors formerly known as the spongioblastoma multiforme they call 
glioblastoma. 

In the group of ependymochoroidal tumors they believe that dis- 

tinction should be made between the ependymal and the choroidal types. 

Three subgroups of ependymal and two of the choroidal tumors can be 

differentiated. The tumors that they term neurospongiomas correspond 

to the medulloblastomas of Bailey and Cushing. 

Lastly, under the name of neuro-epitheliomas are described tumors 

in which are found a mixture of cell types usually considered to be of 

neuro-epithelial derivation and produced by the differentiation of spon- 

gioblastic and neuroblastic elements. These authors believe that a strict 

definition should be established for these tumors, for it is in this group 

that the greatest confusion has occurred. Hitherto, the term neuro- 

epithelioma has been given to a great variety of tumors, as gliomas 

with ependymal inclusions, pseudopapillary astrocytomas, ependymo- 

choroidal tumors and neurospongiomas. 

I think that the classification suggested by Roussy and Oberling 

tends to confuse rather than to simplify the situation with regard to 

tumors of the brain. 

Following these papers dealing with the pathologic variations of 

tumors of the brain, consideration was given to mechanical aids in the 

diagnosis of these lesions. Pfeifer described the technic of puncture 

of the brain for diagnosis and localization of tumors. Frankly, I had 

hoped that this procedure had been abandoned. So many more satis- 

factory methods of localization are available that puncture of the brain 

might well be discarded. Pfeifer trephines the skull in the suspected 

area, plunges a needle having a lumen of 1 mm. into the brain and 

removes a small core of tissues sucked into the needle by aspiration. 

This specimen is then prepared and studied microscopically. If there 
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are no localizing signs, the silent areas of the brain must be thoroughly 

needled. The cerebellum may also be punctured, but never more than 

twice at one sitting. Pfeifer states that the principal dangers are 

hemorrhages into vascular lesions; he has had eleven deaths from this 

cause in a series of several thousand punctures. Curiously enough, he 

states that the middle meningeal artery is most often damaged. I would 

have thought that this vessel, at least, could have been avoided. I 

subscribe heartily to Pfeifer’s warning as to the possibility of hemor- 

rhage in the tumor following puncture, with serious consequences to 

the patient. [| would also add that even after the successful removal 

of the sliver of brain tissue a positive pathologic diagnosis may fre- 

quently be difficult. 

Schuller gave a brief review of the changes produced in the cranial 

bones by an intracranial tumor that can be identified by roentgen 

examination. There was nothing particularly new described, but when 

one considered the vast amount of experience with which Schiller 

could support his statements and that certain of the diagnostic findings 

in common use had been original with him, the summary he gave was 

impressively complete. 

Tumors of the brain produce two main types of changes in the 

cranial bones: those due to increased pressure and local variations 

caused by the position of the tumor. 

Increased intracranial pressure causes erosion of the inner table, 

with generalized or local convolutional atrophy. Separation of the 

sutures is seen. The base of the skull presents many small depressions, 

round, with sharply defined borders, which are caused by small cerebral 

hernias resulting from the intracranial pressure. The foramina at the 

base of the skull are enlarged; the shadows of the pacchionian bodies 

and the sinuses together with the venous and emissary channels in the 

diploe may stand out more clearly. The sella turcica is enlarged. 

Curiously enough, however, Schuller did not place much stress on 

the erosion of the posterior clinoid processes, which occurs as internal 

hydrocephalus develops and the third ventricle distends downward. 

The local signs of the presence of a tumor are calcification within 

the growth, a circumscribed erosion and thickening or infiltration of 

the skull, with an increase in the size of the shadows from venous chan- 

nels and pacchionian bodies, or a pneumatocele from encroachment on 

the paranasal sinuses. 

In addition, Schuller outlined roentgen changes in the skull in neuro- 

fibromatosis of von Recklinghausen’s disease and in generalized xantho- 

matosis. The lantern slides that he showed in his demonstration were 

extremely illustrative. 

Sachs brought up the question of the reliability of roentgen evidence 

in the localization of tumors and to what degree evidence from this 
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source could be trusted if it ran counter to the neurologic signs. Cer- 

tain cases of cerebellar tumor, particularly when the condition is far 

advanced, cause internal hydrocephalus. As a result of this ventricular 

distention, the third ventricle is enlarged downward. Consequently, 

the posterior clinoid processes and eventually the whole’ sella may be 

eroded, and the roentgen picture may be typically that of a suprasellar 

lesion. Furthermore, clinical evidence of pituitary dysfunction may be 

present from pressure on the gland. If the obstructing lesion in the 

posterior fossa is small and in the midline, cerebellar symptoms may be 

indefinite. Under such conditions it should always be kept in mind 

that a midline cerebellar tumor can produce sellar erosion. A _ ventric- 

ulogram should be made to determine whether the lesion lies above 

or below the tentorium. 

Occasionally a case may be encountered in which pressure mark- 

ings, convolutional atrophy, develop with great rapidity. Accumulation 

of fluid in the subarachnoid space may account for such a change, and 

consequently the roentgen diagnosis of a pressure skull must be balanced 

against the clinical findings on neurologic examination. 

Lastly, it must always be remembered in planning the surgical 

approach to a tumor of the brain localized by calcification within the 

growth that only part of the tumor may be calcified and that actually 

the mass may be much larger than the roentgen findings suggest. . This 

is an important fact and worthy of careful consideration. The neuro- 

surgeon should always turn down a large flap under such conditions, 

much larger than the roentgen findings would seem to require. Unless 

this is done he will inevitably find himself cramped for room in his 

operative maneuvers to extirpate the mass, and may find himself in 

the awkward situation of being compelled to enlarge his osteoplastic 

flap before the tumor can be dealt with satisfactorily. 

Stenvers called attention to the changes in the temporal bone, erosion 

of the petrous ridge and about the internal auditory meatus, that may 

be produced by lesions in this region, particularly angle tumors. How- 

ever, it is my experience that, although such erosions may occur, they 

are not always due to tumors and may be noted on the opposite side 

of the skull to that on which the tumor is situated. This finding should 

never be given much consideration unless it fits in with the clinical 

picture. As Stenvers stated, there is no connection between the amount 

of erosion and the size of the tumor. 

More important, in my opinion, are the general signs of tumors of 

the posterior fossa which may be demonstrable on an x-ray picture. 

Stenvers emphasizes the convolutional atrophy seen on the inner table 

of the vault of the skull and the secondary changes about the sella 

turcica. In both of these conditions it is the mechanical factor of 

increased intracranial pressure that causes the changes in the bone. As 
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stated in discussing the papers of Schtller and Sachs, it is important 

for the neurologic surgeon to realize that if internal hydrocephalus 

accompanies a tumor of the posterior fossa, and such is commonly the 

case, the resulting dilatation of the third ventricle can produce an 

erosion of the posterior clinoids indistinguishable from that caused by 

a suprasellar tumor. As Stenvers says, the presence of a primary intra- 

sellar tumor may often be determined by the downward extension of 

the sella and its encroachment on the sphenoid sinus. But a lesion in 

the suprasellar position usually affects only the posterior clinoids. It is 

in the differential diagnosis between tumors in this situation and in the 

posterior fossa that the roentgen findings may be misleading. 

The next three papers were concerned with the use of the insuffla- 

tion of air into the subarachnoid spaces and ventricles for the locali- 

zation of intracranial tumors. 

Guttmann outlined the value of encephalography, lumbar insufflation 

of air, particularly when the tumor lay above the tentorium. By this 

means it is possible to determine the presence of a tumor before signs 

of intracranial pressure develop. Indeed it is particularly in border- 

line diagnoses, between tumor and vascular disease for example, that 

encephalography is especially valuable. Guttmann described the com- 

mon encephalographic findings connoting the presence of a hemispheric 

lesion, a filling defect in or complete obliteration of the lateral ven- 

tricle on the same side as the tumor. The third ventricle is usually 

shifted from its midline position, and with the lateral ventricle of the 

uninvolved hemisphere is displaced outward away from the site of the 

growth. (Guttmann states that occasionally if a cystic degenerated tumor 

is present the ventricles may be shifted toward the side of the tumor 

and the corresponding lateral ventricle may be dilated instead of 

obstructed. I have never seen this ipsolateral ventricular dilatation 

occur, except in a case in which the tumor lay wholly within the ven- 

tricle and partially obstructed one foramen of Monro. In this instance 

the outline of the tumor was easily discernible within the shadow of 

the air in the lateral ventricle. 

Tumors of the posterior fossa usually produce more or less sym- 

metrical dilatation of the lateral and third ventricles above the point of 

obstruction. If the tumor lies in the cerebellar hemisphere or in the 

cerebellopontile angle, the overlying posterior horn of the lateral ven- 

tricle may be elevated a little above the contralateral posterior horn. 

This again, in my experience, is not a constant finding. Furthermore, 

it must be remembered, as Guttmann emphasizes, that certain lesions 

of the posterior fossa, acoustic tumors for example, may grow so 

slowly that no or only slight interference with the cerebrospinal circu- 

lation occurs, and internal hydrocephalus is not produced. 
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Foerster, in discussing the localization of midline tumors and 

tumors of the posterior fossa by ventriculography, made a definite state- 

ment that I think is of importance; namely, the use of lumbar or sub- 
occipital insufflation of air in the presence of choked disks or other 

evidence of intracranial pressure is dangerous and should be avoided. 

Ventriculography is the method of choice under such circumstances. 

With this opinion I am in hearty agreement. In the localization of 

tumors of the midbrain, the defects in the shadow of air in the third 

ventricle are the determining factors. At times the exact definition of 

this shadow is difficult to make out. Under such circumstances it 

may be important to discover whether interventricular communication 

between the lateral ventricles through the foramina of Monro can occur. 

The injection of iodized oil (I have used methyl blue dye with success) 

into one ventricle and its recovery from the opposite lateral ventricle 

will determine this point. If the foramina of Monro can be proved 

to be patulous, the tumor must lie in the midline below this level and 

the upper part of the third ventricle should fill with air. 

Foerster spoke of pseudotumor cerebri in which from general 

edema of the brain the ventricles may be small in size but regular in 

outline and in their normal position in the midbrain. He also repeated 

Guttmann’s statement that in cystic degenerated hemispheric tumors 

the lateral ventricle on the side of the lesion may be dilated. 

In pseudotumors of the posterior fossa, described in this country by 

Horrax as “arachnitis’” of the cisterna magna, the entire ventricular 

system, the lateral, third and fourth ventricles and the aqueduct are 

shown to be dilated on ventriculography. Differential diagnosis of the 

cause of the block, whether from tumor or arachnitis, is, of course, 

possible only by operative exposure. 

In the determination of the types of hydrocephalus, whether obstruc- 

tive or nonobstructive, a ventriculogram alone is inadequate. Resorp- 

tion tests with sodium iodide are essential to demonstrate with accuracy 

the point of obstruction. 

The papers of Guttmann and Foerster were illustrated with remark- 

ably good lantern slides. 

Grant considered the indications for and the comparative value of 

encephalography and ventriculography. The chief indication for ven- 

triculography is increased intracranial pressure, the cause for which 

cannot be accurately localized. In performing ventriculography the 

most important point in technic is the removal of as much fluid as 

possible. Unless all fluid is withdrawn, a part of it may be trapped 

in the horn of a ventricle, which on the x-ray picture may simulate a 

filling defect and the presence of a tumor. All fluid can most effec- 

tively be aspirated if both ventricles are tapped. Furthermore, by a 
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bilateral tap the amount of fluid in each ventricle can be determined, 

and by comparison of their capacity a shrewd guess can be made as 

to their relative size. A cerebral hemispheric tumor almost always is 

situated on the side of the smaller ventricle. Bilateral hydrocephalus 

means a midline tumor either above or below the tentorium. Thus by 

bilateral ventricular tap and estimation of the relative size of the lateral 

ventricles, ventricular estimation, it is often possible to localize the 

tumor without the necessity for injecting air. 

One hundred and sixty instances of ventriculography and fifty-two 

of ventricular estimation form the basis of this part of the report. Of 

the 160 ventriculograms, the tumor was localized and removed in 

ninety-three. In forty-five cases the procedure verified the clinical 

findings, but in the forty-eight remaining instances ventriculography 

afforded the only possible means of localization. Errors in technic 

caused a failure of the method in seventeen cases, or 10.6 per cent. 

The mortality following this procedure was 6.2 per cent. In fifty-two 

cases of ventricular estimation, symmetrical ventricular distention was 

proved without injection of air in thirteen and asymmetry in thirty- 

nine. In thirty-five of the thirty-nine cases with lateral ventricles of 

unequal size the tumor was subsequently found to be in the hemisphere 

having the smaller ventricle. 

Three hundred and twenty-five cases in which encephalography was 

performed formed the basis for the second part of the report. The 

technic of encephalography is simpler than that of ventriculography, 

but lumbar insufflation is followed by a much more severe reaction on 

the part of the patient. Furthermore, encephalography is not safe if 

increased intracranial pressure is present, as, for example, in tumors of 

the brain. When results of encephalography and ventriculography are 

compared in the group with pressure or tumor of the brain, it is found 

that imperfect filling of the lateral ventricles and therefore failure to 

localize the tumor occurred in 19.5 per cent of cases following enceph- 

alography as compared with 10.6 per cent after ventriculography. 

\ group of seventy-two cases of idiopathic epilepsy, one of fifty- 

one cases of traumatic epilepsy and one of forty-one cases of post- 

traumatic headache were analyzed. The films in each group were 

compared to determine whether or not each of these conditions produced 

typical changes in the brain, which would permit a differential diag- 

nosis by encephalography. Of the seventy-two cases of idiopathic 

epilepsy subjected to encephalography, in sixteen the plates were con- 

sidered normal; atrophy was the principal finding in forty, arachnitis 

in sixteen and lateral ventricular asymmetry in four. Of fifty-one cases 

of posttraumatic epilepsy, the encephalograms were considered normal 

in five, atrophy was the principle finding in twenty-eight, arachnitis 
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occurred in eighteen, and lateral ventricular asymmetry occurred in 

twenty-three. Of forty-one cases of posttraumatic headache, the 
encephalogram was normal in six, atrophy was the principal finding in 

thirty-two, arachnitis was present in three, and lateral ventricular asyn)- 

metry was present in six. 

Study of the encephalographic films in the epileptic group, in an 

attempt to correlate the findings with the severity and frequency of 

the convulsions, showed that there seemed to be no definite con- 

nection between the changes shown in the brain and the violence, char- 

acter or number of the fits. From the therapeutic standpoint, the 

benefits of encephalography are most marked in the group with post- 

traumatic headache. However, surprisingly good results occurred fol- 

lowing encephalography in epileptic patients. Therefore, the fact that 

encephalography has been performed must always be kept in mind when 

other forms of treatment, as dehvdration, diet, etc., are instituted 

following a diagnostic encephalogram. 

Moniz described his technic of arterial encephalography for the 

localization of tumors of the brain. Briefly, this technic consists in 

the isolation of one common carotid artery and the injection into it 

of from 6 to 9 ce. of a 25 per cent solution of chemically pure 

sodium iodide. This technic is carried out on the radiographic table 

with the head in proper position, and as the last of the solution is 

injected the films are made. By this method the intracranial blood 

vessels are outlined on the film. The normal contour and position of 

the cerebral vascular tree are known, and deviations from the normal 

give evidence of the location of the tumor. This procedure is similar 

to encephalography or ventriculography except for the fact that shifts 

in position of the cerebral vascular tree instead of the fluid spaces of 

the brain are used as indications of the position of the neoplasm. 

Moniz uses phenobarbital as a preoperative sedative because of the 

frequency with which tonic or clonic convulsive seizures accompany 

the injection of the sodium iodide. He believes that advanced arterio- 

sclerosis, uremia or other toxic conditions are contraindications to this 

procedure. 

| have never employed this diagnostic method. The use of air 

has proved sufficiently satisfactory and is so simple to carry out that 

the use of arterial encephalography did not seem necessary. [| hesi- 

tated to use a method that involved even momentary closure of one 

common carotid and the injection of a foreign material into the cere- 

bral vasculature. Moniz’ early reports mentioned epileptiform seizures 

as a not uncommon immediate complication of the injection. But since 

seeing his results, especially as illustrated by the well-nigh perfect lan- 

tern slides he exhibited, I am almost persuaded to attempt this technic 
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in a suitable case. It would seem likely that by this method a locali- 

zation could be made without producing the after-effects of increased 

cranial pressure, which are unquestionably a hazard when the injection 

of air is used. 

Kafka and Fremont-Smith described the value of careful exami- 

nation of the cerebrospinal fluid to determine the presence and localiza- 
tion of a tumor of the brain, which may produce either cellular or 

chemical changes in the fluid. The presence of tumor cells is probably 

one of the most important and also one of the rarest of the cellular 

variations noted. An increase in the protein content of the spinal fluid 

is the chemical change seen most frequently in conjunction with a tumor 

of the brain. These speakers also emphasized the importance of com- 

paring the amount of protein in fluid obtained from such different 

areas as the lumbar sac, cisterna magna and ventricles. Fremont- 

Smith said that supratentorial pressure should be relieved by ventricular 

tap before a lumbar puncture is attempted, because of the danger 

attending lumbar puncture in the presence of increased intracranial 

tension. This procedure achieves a threefold result: dangerous supra- 

tentorial pressure is relieved and lumbar puncture is made safe, fluid 

is obtained from two areas for the comparison of protein content, and, 

if manometers are attached to the needles and the jugular veins are 

compressed, evidence of a block may be found in the ventricular sys- 

tem suggesting the presence and location of a tumor. I agree that the 

estimation of protein in the cerebrospinal fluid helps in the diagnosis 

of tumor of the brain. However, if a ventricular tap is to be done 

anyway to obtain fluid for comparison with fluid from other loci, I 

believe that ventriculography might just as well be performed, so 

that the position of the tumor may be verified accurately. 

Bohnenkamp and Schmah presented an interesting device by which 

the resistance of various segments of the brain to an electric current 

may be measured. Normal tissue of the brain shows a definite change 

in potential when subjected to such a current, but the presence of a 

tumor in any region of the brain definitely changes the resistance to 

electricity. The apparatus described consists of a closely fitting metal 

helmet made of thin strips that run laterally from one side of the head 

to the other. A needle introduced into the suboccipital region forms 

the second point of contact. In a series of thirty-nine cases, four 

autopsies and one patient on whom an operation was performed, the 

changes in the electrical resistance suggested a lesion in the same area 

indicated by the clinical signs or other findings. Personally, I am sure 

that there is a definite value in the determination of the electrical resis- 

tance of the brain. I have worked on the same problem from a differ- 

ent angle and can confirm the findings of Bohnenkamp and Schmah. 
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Cushing’s summary of the results of his operative attack on tumors 
of the brain was unquestionably the most important and most striking 

paper of the first day’s meeting. His statistics were probably “caviar” 

to most of the neurologists and psychiatrists, but to the neurosurgeons 

they were a revelation and a source of enviable satisfaction. Even 

today it is often difficult to convince some neurologists of the fre- 

quency of intracranial tumor and of the possibilities for relief which 

modern neurosurgery offers. Consequently, they hesitate to make a 

diagnosis of tumor of the brain until the presence of a neoplasm is 

shown so clearly that any alert fourth year medical student, trained in 

a school where neurosurgery is done, could detect it. The patient’s 

chance of satisfactory operative result is considerably lessened by this 

waste of time. 

Cushing’s figures show that in the past thirty years he has per- 

formed 3,292 operations on 2,366 patients. Tumor of the brain was 

verified by microscopic examination of tissue in 1,870 of these patients. 

The operative mortality for this entire group was 11.9 per cent. In 

the past three years, 635 operations were done on 478 patients. The 

group of verified tumors of the brain numbered 412 cases; that of 

unverified tumors, 66. The operative mortality for both groups was 

8.7 per cent. Aside from the fact that these figures represent the 

largest group of tumors of the brain falling within the experience of 

one surgeon, the low rate of mortality is most remarkable. Coming 

from a clinic wherein a tumor of the brain is suspected in practically 

every case in which an operation is performed, and where the term 

“cranial operation” does not include decompressions for trauma, 

epilepsy or trigeminal neuralgia (inclusion of these relatively simple 

operative procedures will lower the mortality percentage materially), 

these figures give neurosurgeons a standard that they must be skil- 

ful indeed to equal or better. Such statistics as these justify the 

handling of surgical intervention in the brain by properly trained 

men. Any surgeon can turn back a bone flap or expose a tumor by 

craniectomy after a neurologist has made the localization, but the neuro- 

surgeon knows and the general surgeon is gradually becoming con- 

vinced that this is only the beginning of the struggle. It is important 

to be able to handle properly the intracranial pressure before, during 

and after the operation, to be able to recognize the type of tumor, to 

decide whether a determined effort should be made to extirpate it and 

to know how to do this with the least possible damage to the sur- 

rounding brain. Judgment in such matters is developed only by the 

experience that comes from undeviating devotion to this field of sur- 

gery. 

De Martel stressed the importance of the proper handling of post- 

operative intracranial pressure. This condition is ushered in by hyper- 
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thermia and arterial hypotension. He believes that the increased tension 

exerts pressure on the centers of the midbrain that control tem- 

perature and vasomotor tone, and that drainage of the cerebrospinal 

fluid after operation keeps the intracranial pressure within normal 

limits and prevents hyperthermal and hypotensive crises. I am able 

to confirm de Martel’s opinion by my own repeated observations of 

the marked benefit that follows ventricular or lumbar tap in the first 

twenty-four hours after operation. De Martel also believes that drain- 

age of the subarachnoid space should be begun at the time the 

wound is closed and should be continued for from twenty-four to 

forty-eight hours. I do not think that this increases the chances of 

infection, and certainly release of the fluid does much to prevent the 

onset of the pressure that inevitably results from the traumatic edema 

of the brain incident to operative manipulation for the extirpation of 

the tumor. 

Olivecrona pointed out that, clinically at least, only two types of 

gliomatous tumors are found in the cerebral hemispheres: the malig- 

nant and the relatively benign. In the malignant gliomas, develop- 

ment is rapid, psychic symptoms are prominent, and _ intracranial 

hypertension appears early. Neurologic examination indicates a rapidly 

expanding lesion. Olivecrona believes that, in this group of tumors, 

surgical intervention promises little or no hope of permanent cure and 

is justified only to verify the type of tumor present. On the other 

hand, the benign gliomas have a much more favorable prognosis. Clin- 

ically, they develop slowly, and the results of operative removal are 

generally satisfactory. Olivecrona’s statistics show an _ operative 

mortality of 20 per cent, with a case mortality about 15 per cent higher 

because of recurrence of the tumor. All of the other patients have 

survived for a year and a half, and at least one third of them have 

recovered so completely as to be able to resume their occupations. 

Puusepp described his method of surgical attack on infiltrating 

gliomas. An osteoplastic flap is turned back to expose the tumor, the 

dura is opened, and the exact position and depth of the growth are 

determined by needling the brain. A wide transcortical incision is 

then made, and part of the tumor is removed for verification. The 

dura is left open, the bone flap is removed, and the skin is sutured. 

After three or four weeks, a second operation is performed, at which 

time it is found that the glioma has come to the surface through the cor- 

tical incision and may be removed with ease, as it is now readily dis- 

tinguishable from normal tissue of the brain. In four cases in which 

this procedure was followed, Puusepp states that there was no recur- 

rence after trom three to five vears. In one case it was necessary to 

remove a glioma from the right temporal lobe three times, with inter- 
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vals of a year and a half between each operation. During these periods 

the patient was well and continued to teach school. 

I am rather skeptical of Puusepp’s claim that the tumor will thrust 
its way to the surface if the cortex is incised, the dura left open, and 

the bone flap removed. Furthermore, it has been my experience, with 

rapidly infiltrating gliomas, and especially spongioblastomas, that it is 

just as difficult to distinguish between tumor and normal tissue of the 

brain at a second operation as it was originally. I regret that Puusepp 
failed to give the exact pathologic diagnosis of the tumors. success- 

fully treated by this method. It is conceivable that they were slow- 

growing tumors of the astrocytic or oligodendroglial group, and hence 

repeated partial removal and decompression relieved the symptoms 

sufficiently for him to report a cure. Possibly complete extirpation 

with permanent cure might have been achieved at the first operation. 

My own experience makes me doubt the value of this method of palli- 

ation even in spongioblastomas, to which it would seem most applicable. 

The next three papers read discussed the value of the roentgen 

rays and radium for the treatment of tumors of the brain. Béclére 

divides intracranial tumors into three groups: those originating in the 

pituitary fossa or its immediate vicinity, verified tumors of the cerebral 

or cerebellar hemispheres and unverified tumors. The first group 

includes pituitary adenomas, tumors of Rathke’s pouch and suprasellar 

meningiomas, of which the pituitary adenomas alone are amenable to this 

type of treatment. Beéclere is certain that cures by roentgen therapy 

may be effected in pituitary adenomas, and I agree entirely with this 

opinion, although if there is loss of vision I believe that operative 

verification is advisable before treatment is started. A transfrontal 

craniotomy is a relatively simple procedure, and a cyst, if found, may 

be tapped and immediate improvement obtained by the rapid relief of 

pressure on the optic nerves. My experience has been that the roent- 

gen rays have less beneficial effect on pituitary cysts than on semi- 

solid adenomas. It is often impossible to determine by clinical signs 

and roentgen films alone the type of intrasellar tumor present. Tumors 

of Rathke’s pouch, cystic adenomas and suprasellar meningiomas are 

not affected by the roentgen rays. If all pituitary tumors are treated 

without operative verification, much vision may be sacrified before lack 

of improvement to roentgen treatment indicates that an insensitive 

type of pituitary growth is present. In my opinion, roentgen therapy 

is justified as a primary measure only when there is no loss of vision. 

In any event, operative procedure verifies the type of lesion, allows 

at least partial removal and so prevents further loss of vision by pres- 

sure from the tumor. Certainly, roentgen treatment should always fol- 

low operative intervention to prevent recurrence. 

| 
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The second group includes tumors of the central nervous system, 

the cranial nerves and the meninges. Beéclere says that cure by roent- 

gen therapy alone has never been proved for any of these tumors, but 

is certain that postoperative therapy has often been valuable in 

relieving symptoms, preventing recurrences and prolonging life. I am 

not quite as enthusiastic about postoperative roentgen therapy for this 

type of tumor of the brain. | am sure that meningiomas, acoustic 

neuromas, astrocytomas and oligodendrogliomas are not affected 

favorably. Medulloblastomas are undoubtedly controlled by this 

means, and a few spongioblastomas may be. There is always one 

factor that must be considered in the evaluation of roentgen therapy. 

If treatment is instituted shortly after operation, it may receive credit 

for the improvement in symptoms actually due to the decompression, 

which is almost universally performed after the exposure and partial 

or complete removal of a glioma. I quite agree with the opinion of a 

wise and experienced roentgenologist of my acquaintance, who 

admitted that a fair test of the efficiency of postoperative roentgen 

treatment can be made only after all improvement following operation 

and decompression has ceased and definite symptoms of a recurrence 

of the tumor are appearing. If roentgen treatment checks the progress 

of the symptoms or produces improvement, then, and only then, can it be 

said that this therapy is effective. 

The claims for the therapeutic efficiency of roentgen treatment in 

the third group of cases in which, because of intracranial tension, there 

is assumed to be a tumor are also open to question in the absence of 

definite pathologic confirmation. As Béclére acknowledged, many of 

these patients may have had an arachnoid cyst, a serous meningitis or 

a hydrocephalus from an obscure cause. In his hands roentgen ther- 

apy has apparently been successful. My experience has been that some 

of these disorders clear up spontaneously without treatment. I have 

never seen roentgen therapy have the slightest effect on hydrocephalic 

infants, although such patients should be ideal subjects for this treat- 

ment if, as Béclére suggests, the rays cut down the secretion of the 

cerebrospinal fluid by the choroid plexus. 

Cairns and Cade described the results of their treatment of verified 

tumors of the brain with radium. After animal experimentation to 

determine the effect of radium on the normal brain, the treatment was 

originally carried out by direct implantation of radium needles into 

the tumor. This method was later abandoned because it seemed 

impossible to obtain uniform radiation and because, in one vascular 

glioma, the presence of radium apparently precipitated a fatal hemor- 

rhage. At the present time the radium is applied externally and held 

in place by a rubber dressing. A series of ten verified spongioblas- 

tomas treated up to the end of 1930 was presented. In six patients 

if 
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radium therapy was not successful and did not prolong life. One 

patient is alive fifteen months after treatment but shows evidence of 

extension of the tumor into the opposite cerebral hemisphere. Two 

patients have apparently complete cessation of symptoms eighteen 

months after treatment, and a fourth has recovered entirely from a 

right hemiplegia and aphasia two years after the completion of the 

radium therapy. 

This was a conservative, carefully considered and important contri- 

bution. The results seem worthy of thoughtful examination. Further- 

more, Cairns and Cade had opportunity to make postmortem studies 

of tumors thus treated. On microscopic examination they found large 

areas of necrosis and noted that there was active cellular proliferation 

only in the parts of the tumors inaccessible to the application of 

radium. In the last analysis, postmortem study alone can deter- 

mine the real efficiency of roentgen or radium therapy. Clinical evi- 

dence of improvement may be due to the operative decompression and 

the partial removal of the growth. If the tumor is verified and studied 

betore any type of therapy is instituted and if tumor tissue obtained at 

necropsy is reexamined and shows evidence of death of tumor cells, 

the real effect of this treatment can be definitely estimated. It is vital, 

therefore, that the neurosurgeon verify the lesion at the first opera- 

tion, so that the type and structure of the untreated tumor can be 

recognized and the changes due to roentgen or radium therapy can be 

accurately determined. When this has been done in a sufficiently large 

and varied group of cases, the true value of this treatment will be 

known. 

Hirsch, using as a basis a series of 132 cases in which operation 

was performed, outlined his results in the treatment of pituitary 

tumors with radiation. His was the point of view of the surgeon who 

saw the lesion, verified it and then noted the results of radium therapy, 

and in my opinion his statements were pertinent and of great impor- 

tance. He believes that radium therapy should be used only in con- 

junction with surgical intervention. Radiation will prevent recurrence 

and reduce the size of solid tumors that cannot be removed at opera- 

tion. It will hinder the refilling of a cystic tumor after the cyst has 

been drained surgically. However, Hirsch does not believe that radium 

therapy will of itself affect a cyst. In a few cases he has used radium 

therapy without operation on tumors he believed to be solid, which 

were not accompanied by visual loss. If a pituitary tumor is affecting 

vision he relieves pressure on the optic nerves by prompt surgical 

intervention, and only later attempts to prevent recurrence by radium 

therapy. 

Putnam outlined succinctly the knowledge of the physiologic action 

of the internal secretions of the two intracranial glands, the pineal 
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and the pituitary. The functions of the pineal gland, assuming that 

this organ is a gland, are entirely unknown. Neither the extirpation 

nor the administration of this gland will produce the syndrome of pre- 

cocious adolescence in animals. It is impossible to say from either 

pathologic or experimental evidence whether this syndrome is due to 

hyperfunction or to hypofunction of the pineal gland or of contiguous 

structures. This syndrome is the most striking evidence of pineal 

involvement in children having a tumor in this region. No favorable 

result has ever been obtained by organotherapy in patients with the 

pineal syndrome. 

The pituitary gland is made up of two lobes. Two distinct hor- 

mones can be isolated from the posterior lobe. One of them, oxytoxin, 

produces tetanic contractions of the uterus. The clinical syndrome 

attributable to a deficiency of this hormone is unknown. The other 

hormone, vasopressin, raises the blood pressure and inhibits urinary 

secretion. It is probable that diabetes insipidus, often associated with 

lesions of the pituitary or adjacent structures, is caused by a lack of 

this substance, despite the fact that experimental and pathologic evi- 

dence on this poimt is contradictory. In any event, the antidiuretic 

action of this substance, which has been proved in normal persons, is 

of much value in relieving patients suffering from diabetes insipidus, 

whether or not this condition is due to pituitary dysfunction. This 

hormone may be administered subcutaneously, orally or by snuffing 

it into the nose. 

The anterior lobe of the pituitary gland secretes two and probably 

three hormones. One of these, apparently produced by the acidophil 

cellular elements, controls normal growth. If the gland is destroyed 

by experiment in animals or by a tumor in children, growth is checked. 

The administration of large amounts of fresh tissue obtained from 

hypophysectomized animals is not followed by an increase in the func- 

tion of growth. At times some improvement can be observed in pitu- 

itary nanism following oral administration of the gland. However, 

these patients have periods of spontaneous improvement, so it is diffi- 

cult to be sure that the good results are due to glandular feedings. 

Injections of alkaline extracts of the anterior lobe into normal animals 

will in time produce gigantism and a condition approaching acrome- 

gally. However, the same extracts are not well tolerated by 

hypophysectomized animals, although growth may be temporarily 

stimulated. 

Up to the present time it has been impossible to obtain a glandular 

extract that excites any physiologic activity in the human subject. 

\fter extraction with certain alkalis and acids, the residue of the 

anterior lobe still retains a hormone that causes precocious sexual 

maturity in young animals. A similar substance is excreted in the 

_<$$_ 
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urine of pregnant women. Its presence seems to serve as a test of 

some value for pregnancy. So far all attempts to relieve subjects 

with hypopituitary disturbances by the administration of this hormone 

have failed. On empiric grounds, thyroid extract has been used under 

similar condition without much success. Acromegaly is a disorder of 

growth almost certainly due to hyperactivity of the acidophil cells of 

the anterior pituitary lobe. For this reason glandular extracts seem 

contraindicated in its treatment. Curiously enough, the glycosuria 

that often accompanies acromegaly is frequently refractory to insulin 

therapy. In Putnam’s opinion, the somnolence, mental dulness and 

obesity that often accompany certain types of pituitary tumors are 

caused by the interference of the neoplasm with functions of areas 

adjacent to the third ventricular rather than by glandular derangement. 

In such conditions, replacement therapy is of no value. 



Abstracts from Current Literature 

TUMORS IN THE PituItTaRY AREA: THE NEUROLOGIC SYMPTOMS. THEODORE 

H. WeEIsENBURG, Arch. Ophth. 6:589 (Oct.) 1931. 

As the author states, “Knowledge of the symptomatology of tumors and of 

other lesions in the pituitary region has increased enormously in the last two 
decades, and the methods of diagnosis are such that, because of the information 

gained, first from the ophthalmologic and, second, from the roentgenologic stand- 

point, the general diagnosis of tumors in this area is comparatively easy. On 

the other hand, knowledge of the precise causes of the so-called endocrine dis- 

turbances, which at times are the sole manifestations of lesions in this area, has 

not advanced as rapidly, for while ten or more years ago it was customary to 

ascribe such symptoms to overactivity or underactivity of the anterior, middle and 

posterior lobes of the hypophysis, a great deal of doubt has been cast on such 

theories, and recently it has been the fashion to ascribe such symptoms to dis- 
turbances in the parts above the hypophysis, that is, in the walls of the third 

ventricle, in the hypothalamic region, the infundibulum and the stalk that con- 

nects the infundibulum with the posterior hypophysis. In fact, this tendency has 

been manifested to such an amazing degree that. while it is generally acknowledged 

that gigantism and acromegalia result from overactivity of the anterior pituitary 

lobe, there are some excellent investigators who ascribe the locale of this symptom 

complex to the hypothalamus.” Experience reveals outstandingly that in the 
diagnosis of tumors in the pituitary area not only the pituitary gland itself, but all 

of the aforementioned surrounding structures must be considered. The sphenoid 

sinus, lying underneath the sella, from which adenomas occasionally are derived, 

should be included. 

The author then discusses the functions of the pituitary area as indicated by 

experimental evidence. There is no doubt that the anterior lobe has two definite 

hormones, the first being concerned with the growth principle, and the second, with 

the sex principle. While hyperpituitary symptoms are distinct from hypopituitary, 

they have this in common: They produce demonstrable regressive changes in the 

reproductive organs, for in both there is an inhibition of the ovarian cycle. 

The function of the posterior hypophysis is considered with that of the stalk, 
infundibulum and adjacent hypothalamic structures, for the reason that it is 

impossible to demonstrate clinically separate lesions of these separate structures. 

There is anatomic evidence of an interrelation between these parts; they have 

similar epithelial characteristics, and there is evidence that these cells represent 

the secretory principle which acts on all these inclusive structures. The infundib- 

ular lobe is a downward extension of the diencephalon, and there is a connection 

between certain nuclei in the walls of the third ventricle and the posterior and 

middle portions of the hypophysis. These groups of anatomic entities probably 

house ancestral mechanisms, common to all species, which have to do not only 

with the vegetative functions but also with primitive instincts, such as mating, 

satisfying hunger and thirst, restoration from fatigue by sleep, regulation of body 

temperature, self-protection by combat, etc. Furthermore, there is experimental 

and clinical evidence that the cerebral sympathetic centers are in the hypothalamus. 

Nonmedullated fibers have been traced to the spinal cord which connect with the 

abdominal and thoracic viscera, and there is evidence that some of these fibers 

connect with the anterior hypophysis itself. 

Section 2 of the paper discusses the clinical evidences of pathologic conditions 

in the region of the third ventricle. The author states that compression in the area 

of the third ventricle is most important, and is sometimes caused by pituitary 

tumors. The walls of the third ventricle consist of the optic thalami on either 

side. As the thalamus is a sensory organ, lesions in this area may cause so-called 

central pains. As a result of lesions in the vicinity of the third ventricle there 
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are: disturbance in the sleep rhythm, usually hypersomnia; alterations in water 

metabolism, causing diabetes insipidus; disturbances in fat metabolism, and dis- 

turbances in growth and vegetative and emotional activities. If with hypersomnia 
there occur diabetes insipidus, adiposity and genital dystrophy, a lesion of the 

hypothalamic region should be suspected. On the other hand, primary hypo- 

physeal tumors, not projecting into the third ventricle, may cause apathy and 
lethargy from lowered metabolism. Disturbance of the menstrual cycle in women 

and of the libido in men is the most common symptom in a pathologic condition 

of the anterior lobe. Headache is an early symptom and is usually frontal. Slight 
fatigability is common. Hypoplasia of the genital organs occurs in childhood, and 

an absence of secondary sexual characteristics in a person past the age of puberty, 
With the general inhibition of growth there are segmental deposits of fat in the 

abdomen, pelvis, shoulders, neck and breasts, the distal extremities appearing 
normal. 

In the third part of the paper, the author discusses pituitary tumors. They may 

be divided into intrasellar and extrasellar. The intrasellar tumors are most often 
adenomas, which have origin in the glandular cells within the anterior lobe of 

the pituitary body. Histopathologically, they are: (1) the chromophilic adenomas 

associated commonly with a clinical picture of acromegaly; (2) the basophilic 
adenomas, a rare type, which are probably related to reproductive processes; (3) 

the chromophobic adenomas associated clinically with the hypopituitary syndromes. 

A second type of intrasellar tumor is that of Rathke’s pouch. These tumors are 
composed of epithelial cells often stratified and presenting rosettes into which 

cilia project from the cells of the buccal mucosa. The suprasellar tumors 

are tabulated as: adenomas, meningiomas, tumors of the craniopharyngeal duct, 
gliomas of the optic chiasm and aneurysms. These tumors give rise to the 

“chiasmal syndrome,” primary optic atrophy, bitemporal hemianopia and a normal 

or relatively normal sella turcica, in contradistinction to the markedly enlarged 

and ballooned-out sella turcica in primary pituitary tumors. A table compares 

the pathology and symptomatology of all the various types found. The menin- 

giomas occur in middle age and produce endocrine disorders rather late. The 

adenomas escaping through the diaphragm, cause mild hypopituitary signs, and 

are of more rapid course than the meningiomas. The craniopharyngeal duct tumors 

and adamantinomas, which are always suprasellar and often calcified, frequently 

cause secondary pituitary, hypothalamic symptoms and endocrine disturbances. 

Gliomas arise from the chiasm or the adjacent wall of the third ventricle and 
occur in young persons. Aneurysms are also included in this group of supra- 

sellar lesions. 

In a section on differential diagnosis it is pointed out that tumors of the 

pituitary may give rise to symptoms lesions elsewhere by direct extension into 

distant parts; or by extension through the ventricle system and through the aqueduct 

of Sylvius, causing midbrain symptoms; instead of a direct extension of the tumor, 

a generalized internal hydrocephalus may be produced, with dilatation of the lateral, 

third and fourth ventricles and attendant phenomena. On the other hand, tumors 

of the cerebellum frequently cause symptoms of dyspituitarism because of a 

secondary internal hydrocephalus, dilatation of the lateral and third ventricles and 

direct pressure on the pituitary region. In differential diagnosis, an adequate 

history of the progress of the symptoms is most important, for when lesions 

encroach on the pituitary area the corresponding symptoms appear late. These 

have been found in cases of generalized internal hydrocephalus in which a diagnosis 

could not be made before a postmortem examination. SpartH, Philadelphia. 

Brotocic Types AMonG Criminats. Ernst SEEtIG, J. f. Psychol. u. Neurol. 

42:515 (June) 1931. 

Seelig studies criminals as biologic and not as character types. He accordingly 

groups them as follows: 1. Criminals in whom the commission of crimes (regularly 

against property) is an occupation, the so-called professional criminals. This group 

| 
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includes the “hold-up” man, the professional burglar, the vagrant who commits 

petty larceny, the prostitute who robs the men with whom she cohabits, and others. 
The only common characteristic of the members of this group is their general 

aversion to work; otherwise they represent the most varied types of personality. 

2. Persons whose behavior in general is not antisocial and who are frequently 

industrious ; nevertheless, they commit criminal offenses, usually against property. 

In this group are included the diligent but dishonest servant girl, the waiter who 

intentionally always makes errors in his favor in rendering the restaurant check 

and the “lady” from the higher social strata who “steals” a free ride on street 
cars. Other criminals in this group are the more serious offenders, such as the 

unusually efficient postoffice clerk who appropriates to himself letters containing 
valuables, the industrious store clerk who takes home many of the store’s wares, 

etc. In contrast to the habitual criminals, who commit crimes because of their 

indolence, the persons in this group commit crimes because they possess very little 
or no inhibition. This group also contains various types of personalities. 

3. The aggressive criminal. This group includes persons who, owing to their 

habitually bad temper, insult and assault, at the slightest provocation, persons with 

whom they come in contact. In this group belongs the quarrelsome peasant who, 

coming home intoxicated, abuses and even beats his wife and children. Many 
persons charged with homicide are also included in this group. 

4. The sexual criminal. These persons commit various sexual crimes. They 

may commit sexual offenses during normal sex life or when engaged in sexual 

perversions (e. g., senile pedophilia and homosexuality). They possess one common 

characteristic, i. e., they are devoid of inhibition in their attempts to gratify their 

sexual desires — in contrast to some noncriminal persons who have similar sexual 

impulses and desires but who, because of the cultural, ethical and legal limitations 
of sex life, are able to and do inhibit their desires. 

5. Crisis criminals. In this group are included persons who become embroiled 

in certain situations and conflicts from which they can escape only by committing 
some antisocial act. The crisis may arise from some external situation, such as 

in the case of an old maid who has found her lover late in life and who steals 

money from her employer to improve her lover’s financial condition, or a young 

unmarried mother who kills her new-born infant; or the crisis may represent a 
subjective reflection of a critical phase in the endogenous development of per- 

sonality, as when a lover kills his sweetheart and subsequently attempts suicide. 

According to Seelig, the crisis arising from external situations is regularly deter- 

mined by subjective factors that depend on the peculiarity of the personality. 

6. The affective criminal “in a narrow sense.” Seelig characterizes the criminals 

in this group by adding the phrase “in a narrow sense,” because the group 

does not include all criminals who commit offenses during affective excitement, 

but only those in whom the antisocial act represents biologically a motor discharge 

of an enormously increased affective tension. Not all affects are capable of pro- 

voking such a violent reaction. The affect is of the type ordinarily designated as 

“rage.” Offenders whose criminal acts can be interpreted in this fashion are not 

numerous. Some of the cases of “homicide without premeditation” and “assault 
during a dispute” can be included in this category. Most of these persons have 

not the slightest idea of committing a crime before they actually commit it, and 

they are astounded at what they have done when they begin to realize the enormity 

and seriousness of the act. Seelig also includes in this group persons who, at the 

termination of normal sexual intercourse, commit various acts of violence, such as 
choking the partner in coitus; some of them even commit murder. These violent 

acts are then interpreted as motor discharges of an unusually increased sexual 
affect. 

7. Persons who commit criminal offenses because of feeblemindedness. In these 
offenders there is an arrest of all inhibitory mechanisms, during which they utilize 

criminal methods to attain the goal of their strivings (primitive reactions). In 

this group are included the servant who sets fire to the employer's home so that 
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he may have a good excuse to stay away from work, and the discharged farm 

hand who, for revenge, sets fire to the farmer's household. 

8. Persons who, owing to their distorted ideals and queer complexes, are con- 
vinced that it is their duty to commit an antisocial act in order to “improve 

conditions as they exist,” and that in this way “mankind in general will be greatly 
benefited.” Genuine criminals belonging to this group are rare. j 

Seelig points out that not infrequently a case may be encountered that may fit 

into several of these groups, and occasionally one that cannot be included in any 
of them. In spite of this, he believes that a classification such as he suggests, 

based on typical correlations between criminal behavior and the biologic reactions 
of the offender, affords a better visualization and a more genuine picture of the 
criminal population than the “bloodless” traditional classification of offenders into 

occasional, habitual, incorrigible, etc., types of criminals. 

KESCHNER, New York. 

BRAIN ACTIVITY OF THE SUCKLING. ALBRECHT PEIPER, Berlin, Julius Springer, 
1928. Reprinted from Ergebn. d. inn. Med. u. Kinderh. 33:504, 1928. 

THE NEUROLOGY OF OLp AGE, THE GOULSTONIAN LECTURES FOR 193]. 

MacDonatp CritcH_ey, Lancet 1:1119 (May 23), 1221 (June 6), and 1331 

(June 20) 1931. 

The term “second childhood” is in current use among the laity to describe a 

set of phenomena occurring in an aged person which show many resemblances to 

those of early youth. The neurologist can push the homology still further and 

describe a condition not altogether unlike second infancy. Some time ago, the 

reviewer pointed out the necessity for the collaboration of neurologists in the study 

of these two extremes of life, and prophesied that more and more infantile reactions 

would be disclosed in persons of extreme age. These two interesting monographs 

could well be used as a starting point in the study. Both are well written, direct, 
well documented and equipped with extensive bibliographies. 

Peiper’s study takes the child through its first year after birth, but lays con- 

siderable stress on the unborn infant, its rhythmic activities, excitabilities and 

reflexes. Moreover, the author gathers together observations on premature infants, 

showing how certain responses are present which disappear even before the normal 

end of the gestational period. Defective children and anencephalic monsters are 

discussed, and some criteria for the recognition of deficiencies in the very young 

are indicated. 

The new-born infant is equipped with a fairly complete sensory apparatus, but 

on the motor side is the equivalent of a midbrain preparation. The diencephalic 

centers would seem to be partially in operation. Nevertheless, the number and 

diversity of reactions are large and probably by no means exhausted in the 

author’s treatise. The most striking reactions are the general reactions with 

which the child responds to any sharp stimulus. This nonspecific response later 
becomes more differentiated as the development of the brain progresses. A large 

section is devoted to the various tonic reflexes of labyrinthine, cervical and ocular 

origin, and to the postural reflexes, like those that have been observed in decerebrate 
animals. The author differentiates four types of movements: (a) athetotic move- 

ments, occurring only in premature infants, (/)) reflex movements occurring in all 

children and (c) spontaneous, reflex-like movements occurring in mature and pre- 

mature infants, disappearing progressively as (d) voluntary movements develop in 

the later months of the first vear. Peiper looks on the third type as chain 

reflexes rather than as instinctive reactions. The appearance and later disappear- 

ance of such chain reflexes is well shown in the clutching reaction in the toes 

that is lost as the lower limbs come to be used for locomotion. 

Psychologic aspects are considered at some length, but the author cautions 

against too liberal interpretation and disagrees altogether with the theories advanced 

by the psychoanalytic school. The higher centers are not yet developed in the 

| 

| 



ABSTRACTS FROM CURRENT LITERATURE 1473 

new-born infant, and it is quite improbable that s#mpressions are laid down that 

may be resurrected at some later period in life. Comparative animal psychology 

meets with the same difficulties, and all conclusions are based on the thought 

processes of the experimenter rather than on those of the subjects experimented on. 

Critchley’s work is unusual in that it takes up the anatomic side first, then the 

neurologic side and finally the psychologic. Moreover, he finds himself constantly 

called on to decide whether the phenomena he observes are normal to senility, or 

whether there is something pathologic that occurs more frequently in old people 
than in others, but that is nevertheless nonspecific. The so-called senile plaques 

are a case in point. They occur in a large percentage of persons over 90, yet have 

been missed in centenarians and found in much younger persons. The author is 

against the opinion .that dementia must inevitably occur on the basis of extreme 

years alone. Nevertheless, there are some rather typical changes that begin in 

later years and progress rather steadily to the end of life. Blunting of sensibility 

is emphasized, especially diminution and final loss of vibratory sensibility in the 

lower limbs. Amyotrophy without definite cause and reduction in the tendon 

reflexes are often observed in aged persons who are otherwise healthy. Most 

commonly observed are the extrapyramidal disorders, so commonly, indeed, that 
they are considered to be normal in old age. Hypertonia with loss of spontaneous 
movement is, most common, sometimes rather strongly suggesting parkinsonism. 

Tremors are also common in the senium, and may appear in hereditary fashion. 

Much less common is athetosis or chorea, but restless movements, apparently 
spontaneous, yet lacking in purpose, are strikingly present in some _ persons. 

Critchley calls attention to the resemblance of these movements to those of the 

mentally defective child. 

Definite senile neurologic syndromes, probably abiotrophies, are observed in 

the cerebellar ataxias, flexion paraplegia, etc., and probably the trophic alterations 

in the small muscles of the hands should come under this category. Lobar 

sclerosis, Alzheimer’s disease and the chronic choreas are apparently not dependent 
on senility itself. 

The psychologic aspects of senility are more easily subjected to satisfactory 

study than are those of infancy, but the terminal stages of senile dementia appear 

to be beyond reach. Several different types of alteration in the senile psyche are 
discussed, but there is much overlapping, and pure types are rare. Critchley calls 

attention to the need for better separation of the pure senile from the arterio- 
sclerotic dementias, since so frequently there is a mixture of the two. Much 

remains to be investigated, since, as he says in his introduction: “The subject 

of old age has never been a popular one with the medical profession.” 

FREEMAN, Washington, D. C. 

Amyostatic DyskINEsIAs. E. Herz, J. f. Psychol. u. Neurol. 43:3, 1931. 

Amyostatic disorders of motility differ from psychomotor disturbances chiefly 

by their more primitive structure; i. e., in the former the disturbances of motility 

affect a lower level of movement. They are purposeless motor discharges, inter- 

calated into the entire motor capacity of the individual so that they interfere with 

rest by an overflow of innervation and a general disturbance of coordination and 

tonus regulation. This characterization of disorders of movement disregards the 

role played by the factors of volition and unconsciousness, even though most 

dyskinesias are involuntary phenomena. 

For the proper differentiation of the various types of disordered motility Herz 
made most detailed cinematographic observations in a large series of various forms 

of dyskinesia. He studied in every case: (1) the effect of each individual move- 

ment, i. e., its direction and range of excursion as well as its structure and composi- 

tion; (2) the direction of the movement, with special attention to its relation to 

volitional movements; (3) the change of movement, i. e., the relation of successive 

movements to each other; (4) the change of the time interval during which the 

_<$ 
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movement is executed, with special attention to the rhythm of the movement: 
(5) the tempo of each individual movement, and (6) the distribution of the 
dyskinesias. 

In connection with these observations there were also investigated the changes 

in muscle tone, the effect of volitional movement on a given dyskinesia, the effect 
of a dyskinesia on volitional movement, tonic neck reflexes and 

movements. 

associated 

Briefly, the author’s observations may be summarized as follows: Every form 

of dyskinesia possesses certain definite characteristics that enable one to differ- 

entiate it from the other forms; this is true in most of the cases. From the 

point of view of alterations of motility, the dyskinesias may be divided into two 

large groups: (1) disorders of motility with varying changes of movement (chorea, 

ballismus, athetosis, torsions and the myoclonias) ; (2) disorders of motility with a 

uniform repetition of the same type of movement (tremor of the antagonists, 

myorhythmias, alternating to and fro movements and tics). As regards the interval 
between individual movements, the regular abnormal movements with rhythmic 

repetition of movement (tremor of the antagonists and myorhythmias) can readily 

be distinguished from the irregular forms of abnormal movement (chorea, athetosis, 
torsions, tics and alternating movements). 

In chorea and ballismus the direction of movement corresponds fully to the 

proportionate continuous direction of a voluntary movement. In athetosis and 

torsions the direction of the movement is not continuous, Owing to increases in 

tonus of longer or shorter duration. The myoclonias and tics are characterized 
by the lightning-like appearance and disappearance of the movements, whereas in 

tremor of the antagonists, in the myorhythmias and in alternating movements an 
abnormal movement is immediately associated with the recurrence of the same 

type of a movement. 

A study of the structure of a dyskinesia reveals that the most complicated 

movements are gradually developed from the most primitive movements. In the 
myoclonias only parts of a muscle receive innervating impulses, so that actual 

movement is impossible. In chorea, athetosis and tics, individual movements are 

executed which appear in predominatingly greater numbers simultaneously in 
ballismus, torsions and in complicated tics. In the more complicated dyskinesias 

each movement can be seen to consist structurally of several individual movements. 

It would seem that in these disorders of motility purposeful movements are 
not set into activity according to a definite design of movement and in accordance 

with the laws of synergy and coordination of movement, but that there is a more 

or less constant playful overflow of purposeless motor discharges either in the 

entire body or in an individual segment. The entire apparatus for the regulation 
of movement seems to be disintegrated and it cannot be checked; this gives rise 

to a loss of purposeful division of motor energy with a consequent inability to 

remain at rest. The appearance of a choreic person who exhausts himself during 

a “continuous storm of movement” is definite evidence of this irregular behavior 
of the motor apparatus. The various manifestations of the different types of 

dyskinesias are determined by the great variability of the respective disturbances 

of the different mechanisms subserving the orderly execution of purposeful move- 

ments. It is obvious that the manifestations of disordered motility must also be 

greatly affected by the functions of the mechanisms that still retain their integrity, 
as well as by disturbances of other functional components of the various apparatuses 
subserving motility in general. KESCHNER, New York. 

OBSERVATIONS ON CEREBRAL HAEMORRHAGE DvE TO CAUSES OTHER THAN 

ARTERIOSCLEROSIS. JAMES COLLIER, Brit. M. J. 2:519 (Sept. 19) 1931. 

In addition to arteriosclerotic causes of cerebral hemorrhage in all its forms, 
some twenty-four other causes are listed. They include: injury during birth or 

following trivial concussion; hemorrhagic pachymeningitis; oozing from blood 

vessels; increased permeability of vessel walls; diapedesis; encephalitis; polio- 

| 
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myelitis; epidemic encephalitis; tuberculous meningitis; sinus thrombosis; venous 

bleeding; abnormal blood states; leukemia; purpura; infection with anthrax; 
insolation; neoplasms from the rupture of poorly developed vessels in a soit 

growth; aneurysm—iniective in ulcerative endocarditis, puerperal infection, gonor- 

rhea, etc., and occurring in coarctation of the aorta and also in polyarteritis acuta 
nodosa of Kussmaul and Dickson; the berrylike and often multiple aneurysms 

that have been termed congenital aneurysms. (Syphilitic aneurysms of the 

cerebral vessels seem not to give rise to hemorrhage, but berrylike aneurysms 
leading to hemorrhage are not uncommon in atherosclerosis. ) 

The frequency of both meningeal and intracerebral hemorrhage during the 
molding of the head in parturition is amplified and reference is made to the work 

of Mraczek, who found that some hemorrhage had occurred in one fifth of all 

the cases of stillbirth or death within three months of birth. The oozing of blood 

from vessels owing to increased permeability of the walls is not considered common 
by the author; he thinks that the presence of an aneurysm is more probable in 
such cases. 

Hemorrhage in encephalitis and poliomyelitis is next considered; in regard 

to the latter, Collier concludes that these conditions do not seem often to cause 

major hemorrhage, either meningeal or cerebral. Hemorrhages within the cranial 

cavity may cause symptoms resembling encephalitis in many respects, and it is 
sometimes difficult to make a differential diagnosis. Hemorrhage in encephalitis 
may occur, but it is not frequent. Neoplasms of soft texture are important causes 

of cerebral hemorrhage, and a sudden increase in the severity and multiplicity of 
symptoms in cerebral tumors may be due to hemorrhage. 

Considerable space is given to a discussion of cerebral aneurysms. They may 

give rise to the most varied clinical syndromes. At least one fifth of the numerous 

specimens in museums have been discovered by chance at necropsy, according to 

Collier. The statement is made that they are never of syphilitic origin; some are 

known to be definitely of infective origin, and probably the majority have an 

infective etiology. Some may be of the so-called congenital type. Many never 

rupture or give rise to any symptoms; many that leak heal permanently and 
become obsolete. When an aneurysm clots in part or when its wall calcifies, then 

and then only does it give rise to local pressure symptoms, and it does so most 
commonly in the region of the optic chiasma causing a syndrome indistinguishable 
from that of a pituitary tumor. The author states that such a picture followed by 

signs of cerebral hemorrhage can be due to nothing other than aneurysm. In 

aneurysms that rupture slowly and leak rather than burst, there is a great tendency 
for the rupture to heal locally and for another to occur later in another part of 

the sac, perhaps in another part of the brain or its covering 

Hemorrhage from an aneurysm may be of the following types: (1) trans- 
dural, (2) subdural, (3) subarachnoid and (4) intracerebral rupture, (5) primary 

rupture into the ventricle and (6) rupture of an internal carotid aneurysm into the 
cavernous sinus. 

In regard to treatment, Collier believes that it is always advisable to drain 

freely and repeatedly so long as symptoms of increased intracranial pressure 

persist. In cases of cerebral hemorrhage, increase of intracranial pressure is 

always the cause of death, and surely, concludes the author, it is wise to keep this 

within bounds by draining whenever it is possible to do so 

FERGUSON, Niagara Falls, N. Y 

THE QUESTION OF IRON IN DEMENTIA PARALYTICA ON THE Basis OF Com- 

PARATIVE HISTOPATHOLOGIC INVESTIGATIONS. F. WERTHAM, Ztschr. f. d 

ges. Neurol. u. Psychiat. 136:62 (Sept.) 1931. 

Iron has been demonstrated in the brain in dementia paralytica by Lubarsch 

and Spatz. It is found as iron granules lying free in the adventitial space of the 

small vessels, in the adventitial cells, in the microglia, and throughout the entire 

nervous system. This iron has come to be looked on as a specific feature of 
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lementia paralytica It has been found in this distribution in no other disease of 

which one knows. Lubarsch has gone so far as to say that the iron in dementia 

paralytica is a more constant factor than the mantle of plasma cells about the 

vessels. Wertham says that, while in many cases of dementia paralytica one 

must search for plasma cells, the iron reaction generally is prominent. The 

presence of iron has not been sufficiently investigated in the long-standing cases of 

dementia paralytica, but it 1s possible that in these cases it is of great diagnostic 
value. 

While the ingestion of iron in dementia paralytica represents a specific condition 

par excellence in the nervous system, there are several tactors regarding it which 

remain obscure Is the process a permeability phenomenon; is it a destructive 

process with transportation to or away trom the vessels, and to what extent is it 

related to the inflammatory processes of the diseas« Furthermore, what is the 

relation of ingestion of iron in the microglia cells to proliteration of the microglia: 

Thus far “Paralyseeisen” has been looked on as specific in dementia paralytica 

Wertham reports iron in the brain ot a hen He investigated the material 

from thirty-five hens that had been inoculated with Spirochaeta gallinarum This 

parasite produces changes in the brain, meninges and choroid plexus, as well as 

elsewhere in the body Wertham was able to demonstrate iron in the brains of 

these animals by Spatz’ quick method, as well as by the Turnbull blue techni 

In many cases the adventitial sheaths of the small vessels contained iron. Less 

iron was found in the glia cells, and here it was always in the microglia. In 

ther glia cells it was practically never seen The iron found in these brains was 

widespread. It had nothing to do with softening and was not related to vascular 

proliteratior It was found chiefly in the frontal lobe, and in smaller amounts in 

the cerebellum. chiefly in the vascular sheaths of the molecular laver lror ould 

be demonstrated in the meninges, although little was found in the spinal cord. The 

listribution of the iron was similar to that described by Spatz in dementia para- 

lvtica Histologically, the process appeared to be similar to that of dementia 
paralytica. Plasma cells were found in the brain and meninges lhe microglia 

ells showed proliter it nN in numbe cS, and 1 some Cases pr nounced mi rogliosis 

vith rod cell tormatio1 The microghosis Ss in some cases pronounced, in 

others less marked. Changes in the ganglion cel glial toc1 and hyperemia were 
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fifth cervical sensory root. Pains, also apparently of a radicular type, appeared 

about the left shoulder, but disappeared without the development of any motor 

disability. Pronounced wasting of one of the affected muscles was a prominent 

feature. Recovery was gradual and independent of any local treatment. 
The clinical picture was evidently that of radiculitis affecting chiefly the right 

fifth cervical root, but also involving to a minor degree one or two sensory roots 

below that level, as well as sensory roots on the left side. The relation of the 

condition to the serum was evident and was identical with that of other cases 

described in the literature, although in this case subjective sensory disturbances 

were less obvious and the objective sensory changes were more pronounced. 

The clinical course of these patients usually follows a general type. About 
eight days aiter the injection, typical serum sickness develops, with pains in the 

limbs and joints and, in some instances, headache and vomiting. After an interval 

of from two to five days the pains become severe, intermittent and stabbing, 
localized in some cases in both upper and lower limbs, in others in the distribution 

of a peripheral nerve, but in most cases in one or more segmental areas. The 

pain continues in a severe form for from two to four weeks. In most cases 

muscular weakness and atrophy appear early, and the reflexes in the corresponding 

segments are diminished or entirely disappear. Electrical reactions may be altered. 

Objective sensory changes are usually slight and transient. Occasionally, muscular 

weakness is not discovered until the patient tries to work. Complete recovery 
takes place in trom one to eighteen months, except in a few cases in which slight 

residual weakness and wasting persist 

These neurologic complications may be classified in four groups: (1) a radicular 

type, resembling an Erb-Duchenne paralysis of acute onset; (2) a neuritic type, 

in which single nerve trunks are affected; (3) a polyneuritic type, in which the 

inical picture resembles that of toxic polyneuritis, and (4) a cerebral type in 

sical signs probably resulting from intracranial pressure 

r cerebral edema are the prominent features 

is doubtful if any one pathogenesis can explain all cases. Local and general 

edema would explain the cerebral cases and the paralyses of single nerves, while 

radiculitis, either from local edema or inflammation at the exit of the nerve roots 

from their dural sheaths, appears to be the most reasonable explanation for the 

otrophic and polyneuritic cases. The appearance of the symptoms and physical 
signs from t to five days after the onset of serum sickness, when both the 
urticaria and the meningeal reaction are most pronounced, suggests strongly that 

ither a local edema or the meningeal reaction is the source of the local condition. 

here is a suggestion, too, that these clinical features may appear independent 

external estat of serum sickness 
Beck, Buffalo. 

is tumors of the central nervous system, while rare, have been 

tor a lons time | echner, in 1922, was able t gather fifty-six cases. 

ndau called attention to them in 192 He believed that most of the cerebellar 

t tablv tl e of the cerebellar lobes, are due to angiomas, which are often 

to es e notice. Oijten these cysts are associated with angiomatosis of 

the retina, known as von Hippel’s disease Sunilar tumors can be found in the 

ind cord, where they often form cavities resembling syringobulbia and 

omvelia Phe may be found, too, in other viscera. It is justifiable to 

peal ot the entit des ribed by | indau as | 1 dau S disease | indau looked on 

the cells in these tumors as of endothelial origin; so, too, did Cushing and Bailey, 

vho recognized three groups of angiomas: cavernous, capillary and _ cellular. 
Rouss nd Oberling claim that there are only tw cavernous and reticulo 

dothehal 

The cavernous type the describe is similar to that tvpe as depicted by others. 

The report tv cases, one found in the peduncular region and the other in the 

NEI s GR sy and C. OBERLING 

Presse méd, 38:179 (Feb. 5) 1930 
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region of the cornu ammonis. The reticulo-endothelial type is found in the cere- 
bellum, medulla and cord. In every tumor of this type there are large vessels, 
which represent the nourishing vessels. From them radiate vessels of varying size 
that reunite by a system of extremely delicate capillaries which are lined by flat 
endothelial cells. Roussy and Oberling have seen red and white cells in the lumen 
of these vessels, as well as erythroblasts and myelocytes. The tissue among the 
vessels is formed by cells with a round nucleus and with numerous cytoplasmic 

extensions. These cells are attached to the walls of the vessels or anastomose 
with one another, forming reticular spaces among the vessels. Among them are 
often seen xanthomatous cells filled with fat. Reticulin can be demonstrated among 
the cells. Roussy and Oberling propose the name angioreticuloma for these 
tumors, sheathed as the tumor cells are by a reticular space, demonstrated by the 
character of the cells, the presence of reticular fibrils and xanthoma cells. In 

many regions of these tumors the reticular cells are transformed into fibroblasts, a 

process first described by Maximow. The xanthomatous cells can develop also 
from the perivascular reticular cells. 

Cyst formation is an important part of these tumors. Sometimes they are 

minute; sometimes they occupy the entire extent of the tumor. Some tumors are 

entirely solid. Roussy and Oberling say that the cysts are not mere degenerative 
cysts. The cyst cavities are formed by the accumulation of plasma in the meshes 

of the reticular tissue or in the cerebral tissue in contact with the tumor. The 
cavity distends little by little, destroying tumor tissue, and as it approaches the 

cerebral tissue a wall of gliosis forms. Histologic study confirms the fact that 
the cysts are formed by a process of exudation. Roussy and Oberling explain 

the absence of cysts in some tumors by the fact that if the tumor is in communi- 

cation with a perivascular lymphatic, cerebral or meningeal, drainage of the exudate 
follows and no cyst formation ensues. The cyst formation can take place also in 

the adjoining brain tissue. Angiogliomas have a structure similar to the angio- 

reticulomas, but the intervascular cells are not of the reticular, but of the glial, 
series. ALPERS, Philadelphia. 

PATHOLOGY OF SPINAL DISEASE IN AFFECTIONS OF THE VERTEBRAL COLUMN. 

Crisaku KosajasuHl, Jahrb. f. Psychiat. u. Neurol. 48:13 (May 15) 1931. 

In a man, aged 72, severe pain developed in the vertebral column. Roentgeno- 

logic examination revealed considerable alterations of the lumbar vertebrae, 
especially of the first. Although the roentgenologic signs were not of the type 

ordinarily associated with endospinal disease, nevertheless the possibility of a 

conus lesion had to be taken into consideration. Very shortly after the onset of 

pain in the spinal column, weakness in both lower extremities suddenly developed, 

with spasticity and bilateral pyramidal tract signs. During the next two years 

there were several variations and remissions in the signs and symptoms, and five 

years later there appeared slight disturbances of bladder function but no objective 

sensory changes. At about the same time there set in a definite limitation of move- 

ment of the vertebral column, and the pyramidal tract signs in the lower extremities 

became more marked. Not until the following year, the sixth of the illness, was 

there any evidence of sensory involvement, and even then the objective signs of 

this involvement were unusually slight. The upper extremities remained unaffected 

throughout. The patient remained in this condition during the next two years, 

at the end of which he died, at the age of 79, from bilateral lobar pneumonia. 

The peculiar clinical course of the disease, the sudden onset of spasticity, 
instead of flaccidity, of the lower limbs and the series of remissions for two years, 

followed by a continuous progression of symptoms with a paucity of objective 

signs of sensory disturbances presented great difficulties in the differential diag- 

nosis between disseminated sclerosis, spinal cord tumor and spondylitis with 

secondary disease of the cord 

Necropsy and histologic examination revealed: plastic leptomeningopathy 

(massive thickening of the leptomeninges, which were in some areas adherent to 

| 



ABSTRACTS FROM CURRENT LITERATURE 1479 

the spinal cord) and marginal degeneration of cord tissue, which was most marked 
jn the lowest portion of the cord. In this marginal degeneration the dorsal portion 
of the cord was mostly affected, but as the process ascended this portion of the 

cord seemed to have been affected less and less, and as the cervical region was 

reached the brunt of the process was found in the ventral portion of the cord 
where it assumed the appearance of a diffuse transverse lesion. In addition to 

this purely degenerative (abiotrophic) process of the myelin sheaths, there was a 

vascular degenerative process —a severe chronic disease of the vessel walls, more 
marked in the caudal than in the oral portion of the cord. The white substance 

was more affected than the gray, and the posterior horns more than the ventral. 

No evidences of an inflammatory process were seen, but the presence of evidences 

of recent destruction of myelin suggested thaf the process had not run its course 
and was still in progress at the time of death. 

Kobajashi believes that the case is one of pure degeneration of the cord, in 

which the disease of the vertebral column was most probably the primary causative 
factor. The spondylitis gave rise to a pachymeningitic process, which exerted its 

deleterious effects on the cord in two ways: (1) by direct pseudocompression of 
the cord proper by the tumor-like meninges; (2) by interfering with the circulation 

of the cord (a) by compression of the vessels and (b) from the senile changes in 
the vessels themselves. KEScHNER, New York. 

TREATMENT OF PoriomyeEtitTis. E. B. SHaw, H. E. THELANDER and M. A. 
LimperR, J. A. M. A. 97:1620 (Nov. 28) 1931. 

Shaw, Thelander and Limper report the results of treatment of a series of 104 

patients with poliomyelitis. Specific therapy was attempted in ninety-two cases. 

Of fifty-three patients treated before the onset of paralysis, twenty-eight showed 

no paralysis at any time, fifteen showed transient weakness, which had entirely 

disappeared before dismissal, nine showed persistent paralysis and one died. The 

average age of the unparalyzed patients was 914 years; of the transiently paralyzed, 

10 years, and of those with definite paralysis, 17 years. This is at least significant 
to the hypothesis that better results are obtained in the lower age group. The 

average spinal fluid cell count was 146 in the unparalyzed group, 119 in the 

transiently paralyzed group and 197 in the persistently paralyzed group, 270 in the 

single fatality. These averages were made up from widely varying individual 

cases and, the authors -believe, are without significance. Serum was applied, on 

the average, 2.7 days after onset of symptoms in the unparalyzed group, 3.6 days 

in those with transient paralysis and 3.4 days in those with persistent paralysis. 

The average amount of serum used in the group treated preparalytically was, 

respectively, 120, 151, 209 and 375 cc. In the group treated in the acute stage after 

the appearance of demonstrable weakness, of thirty-nine patients, nine showed 

transient weakness ; twenty-three persistent paralysis, and seven died. The average 

age in those with transient weakness was 6.8 years; 11.7 years in those with per- 

sistent paralysis, and 19.8 years in the fatal cases, again showing the higher average 

age in those with serious outcome. Average cell counts were 67 in the transiently 

paralyzed, 194 in those with persistent paralysis and 199 in the fatal cases. Treat- 

ment was instituted on the average of 3.7 days after onset of symptoms in the 
transiently paralyzed, 4.2 days in the cases of paralysis and 6.3 days in the fatal 

cases, coinciding with the general idea of the importance of early treatment. The 

transiently paralyzed patients received an average of 84 cc. of serum or plasma, 

the permanently paralyzed 156 cc., and in the fatal cases 156 cc. was given. Of the 

fifty-three patients treated before the onset of paralysis, 83.4 per cent showed no 

permanent paralysis; 16.9 per cent showed definite persistent paralysis, and 1.9 per 

cent died. Of the thirty-nine patients treated after the onset of paralysis while 

the disease was still acute, 23.08 per cent showed no end paralysis, 59 per cent 

showed definite paralysis and 18 per cent died. It is unfair to attempt to compare 

the results in these two groups of cases. While the first group included at least 

a few benign cases, the second group included many extremely virulent cases 

referred to the hospital because of their fulminant course. Such a series of cases 

if 
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is far from being a conclusive answer to the problem of treatment of poliomyelitis - 
it seems, however, fairly convincing evidence of the value of such treatment. To 

have watched these patients one by one was far more convincing than a statistical] 

report can possibly show, even it one discounts the enthusiasm which must 
4% such a problem. It is the authors’ conviction that inevitably attend the pursuit 

! | highly immune serum will be productive of consistent results the use of known 

and that hyperimmune animal serum offers the greatest promise in this direction. 

OR’s ABSTRACT 

SYPHILITIC SUBARACHNOID HEMORRHAGES. MICHA KAMIN, Jahrb. f. Psychiat. 

u. Neurol. 48:1 (May 15) 1931 

In a woman, aged 60, affected with extensive neurosyphilis, a meningeal 

syndrome developed suddenly which terminated tatally at the end of one week 

Necropsy revealed a subarachnoid hemorrhage, with bloody extravasation at the 
base of the pons, cerebellum and convexity of the brai Microscopic examina- 

tion showed an usually severe generalized syphilitic involvement of the walls 
ot the blood vessels 

The histologic teatures in the brain were those ot a primary disease of the 

walls of the meningeal vessels and not of a reaction to the hemorrhage The 

vessels showed definite evidences of endo-arteropathy and, in some areas, slig! 

evidences of periarteritis The meningeal infiltrates not only involved the peri- 

vascular spaces, but were diffuse and sO det se im some areas that they tormed 

knobiitke nodules The vessels in the brain itself also showed endo-arteriti 

periarteritic changes, so that the entire pathologic process was that of an endo- 

arteropathy associated with meningovasculitis No aneurysmal ruptures wert 

detected to account for the extravasation of blood. One must theretore think of 

the possibility ot hemorrhage due to diapedesis, ot the same type that occurs i 

so-called idiopathic subarachnoid bleeding. Various theories have been invoked 
to explain in these cases the bleeding by diapedesis. Of these the theory advanced 

by Pollak and Rezek appears to Kamin to be most acceptable hese observers 
believed that such bleedings must always be preceded by actual disease of the 

vessel wall. The primary condition of the vessel, however, is not the sole caus 

of the hemorrhage, so that just prior to the latter there must supervene some 

other “acute” factor. This factor may vary; it may be in the nature of possible 

metabolic disturbances or ot an abnormal reaction in the brain tissue itself. This 

“acute” factor (7) leads to injury or destruction of the endothelial cells of the 

intima, which increases the permeability of the vessel wall. In this manner the 
blood stream is diverted either into the interstices in the vessel wall itself — intra- 

mural bleeding — or into the perivascular tissues. There is no doubt that the cause 

of this “acute” damage to the endothelium must be sought in the circulation 

In the case reported in this communication, severe involvement of the intima 
f the endothelial celis was actually observed The remaining with destruction 

walls of the vessels also showed marked alterations, such as coarse connective tissue 

proliferation, infiltrations, edema and local necrosis with splitting of the vessel 
walls. It may thus be assumed that in the presence of such marked changes in 

the vessel walls, hemorrhagic extravasation occurred into the surrounding tissues 

as soon as the protective endothelial lining became permeable. In this connection 

the author points out that the patient in this case had been suffering from severe 
enteritis during the last years of her life. He suggests the possibility that the 

intestinal toxins from the enteritis may have affected the endothelium of the intima 

in the meningeal vessels the walls of which had already been severely injured by 

syphilis, so that diapedesis could readily occur Kescuner. New York. 

On THE CHEMICAL NATURE OF PELLAGRA TOXIN AND THE THIOSULPHATE 

TREATMENT OF PELLAGRA. IBRAHIM SaBry, Lancet 2:1020 (Nov. 7) 1931 

It has been proved that vegetable pigment is indistinguishable trom tyrosine 

(oxyphenylalanine). This substance in the presence of a specific ferment, oxydase, 

| 
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changes to a colored end-product. A similar process has been observed in the 

ink-fish. Furth and Prizbram have found a specific ferment in the ink glands of 

this fish called tyrosinase, which has the power of changing the colorless tyrosine, 

an intermediate product of metabolism, to a substance first orange-red and then 
black. Hence there are two important factors essential for the manufacture of 

pigment, first, a mother substance of the phenyl group, allied to tyrosine, and 

finally, a specific ferment (oxydase) which oxidizes this uncolored substance to 
a colored end-product. Furthermore, the author allies himself with Bloch in the 

belief that human pigment (melanin) is also formed from a mother substance by 

the action of a terment 

From these conclusions a view is formulated by Sabry as to the chemical 

nature of pellagra toxin. Pellagra is a toxemia; the characteristic pigmentation 

is an invariable concomitant of the disease. Therefore, the toxin of pellagra, be 

its origin what it may, must be related to the hyperpigmentation. It must be 
the initiator of the extra pigmentation and cannot differ materially from the 

mother substance of the pigment itself. The author is opposed to the current 

view that the causal factor of pellagra is a vitamin deficiency. He proposes that 
1] pellagra might be caused by an excessive ingestion of maize or beans, the latter 

unquestionably containing a considerable amount of the pigment-forming ferment 

\pparently, a number of persons with pellagra were treated with sodium 

thiosulphate, but the paper is weakened because no clinical data are detailed 
The author uses this drug because it is a powerful parasiticide and germicide 

He injects daily 10 cc. of a 10 per cent solution of sodium thiosulphate sterilized 
an autoclave The number of injections required varies, according to the 

severity of the case, from twenty to sixty. There are neither complications nor 

ontraindications 

he lesions in the skin are aborted in the early cases after a few injections, 

disappear very quickly in the late and lingering cases, instead of lasting a 
whole season or even a whole year. It is gratifying to note the quickness with 

which the gangrenous limbs (sometimes occurring as a_ late manifestation of this 

disease) completely heal ie diarrhea, which is a very persistent and most 

distressing symptom, and which does not easily yield to any form of treatment 
even in early cases, stops altogether after a few injections. In the advanced cases, 

a distinct amelioration occurs \fter a few injections the number of stools 

decreases from twelve or even twenty to four or six a day. The gastric symptoms 
ease betore the treatment is over. Marasmus, insomnia and melancholia, when 

present, soon improve, and patients who doubtless would otherwise have died, 
ot onlv sur recover nly survive, but recovet Beck, Buffalo. 

PsyYCHOCHEMISTRY SOME PuHysICOCHEMICAL FACTORS IN MENTAL DISORDERS. 

WALTER FREEMAN, J. A. M. A. 97:293 (Aug. 1) 1931. 

Freeman states that the application of another of the fundamental sciences 
to the study of behavior, namely biochemistry, is being witnessed today, and the 

designation psychochemistry is the natural result. Advances in a science emanate 

from those who, already versed in two different disciplines, work in the field of 

knowledge lying between them. Mere collaboration of two different experts will 

not be so productive, since neither can be completely in sympathy with the point 

of view of the other. Few biochemists are versed in psychiatry, however, and few 

psychiatrists have more than a bowing acquaintance with such terms as colloidal 

dispersion, interfaces, ionic dissociation and oxidation-reduction. Psychochemists, 
therefore, will be grounded in biochemistry as well as in psychiatry and will 

investigate the problems of normal and abnormal behavior from the standpoint of 

altered chemical reactions in that master tissue of the body, the central nervous 

system. The failure of microscopy to demonstrate structural alterations in the 
so-called functional psychoses is driving the investigator into new channels of 

research. The results of this activity are just beginning to appear and will grow 

tremendously in volume. What future accomplishments may be witnessed are 
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beyond human power to foretell. Dementia praecox, manic-depressive psychosis, 
paranoia and epilepsy represent four groups of disorders that rest on no constant, 
well defined alteration in the histology of the nervous system. None can doubt, how- 

ever, that there exists an underlying structural deviation, provided such a definition 

is pushed to its logical limits to include molecular and ionic imbalances. Probably 

the changes are much more gross than that and will be readily demonstrable 

when proper methods are applied. Such work as that already performed js 

sufficient to enable one to erect hypotheses concerning the probable underlying 

physicochemical mechanisms concerned in some of these major abnormalities. 

Most clearly indicated is the role of water balance in epilepsy, although this also 

involves such mechanisms as hydrion concentration, oxidation-reduction and salt 
equilibrium. Moreover the role of defective oxidation in the nervous system in 
schizophrenia also rests on considerable evidence, and the striking parallels, from 

the chemical standpoint, between the phases of manic-depressive psychosis and the 

hibernation cycle of certain mammals, point to some phasic alteration in colloidal 

dispersion and electric potential. In view of its newness the author makes a survey 
of the field, and the possibilities of its further development. He emphasizes that 
there are certain biochemical processes associated with disorders of behavior, and 

that if one is equipped with a knowledge of their workings one may be able, by 

supplying deficiencies, by preventing excesses, by controlling periodic shifts in 

various equilibriums, to bring about artificially conditions that approach the normal. 
The psychochemist has a large order. Eprror’s ABSTRACT. 

AMYOTROPHIC LATERAL ScLterRosis (A CLINICAL AND PATHOLOGIC Con- 

TRIBUTION). P. OTTONELLO, Rassegna di studi psichiat. 18: 221 (May) 1929, 

The author reports in detail eleven cases of amyotrophic lateral sclerosis from 

the clinical standpoint and five from both the clinical and the pathologic stand- 

points. He pays particular attention to the etiology and pathogenesis of the 
clinical manifestations. He is opposed to any narrow limitations or distinction of 

amyotrophic lateral sclerosis from other bulbospinal spastic and trophic clinical 

syndromes, as transitory stages are frequently found that point to a strict relation- 

ship between lesions of the cells of the anterior horn and of ihe medullary path- 

ways. Among the various conclusions that the author reaches, the following are 
worthy of consideration: (1) The lesion of the pyramidal tract as well as of the 

cells of the anterior horn has the definite characters of a primary process. (2) The 

perivascular infiltrations that are occasionally found are so slight as to be 
considered secondary to the process of disintegration. 

A study of the lesions that are found in the cells of the anterior horn and in the 

medullary pathway leads to the consideration that amyotrophic lateral sclerosis is 
a pathologic condition, the pathologic substratum of which consists fundamentally 

of the association of lesions involving the two neurons of voluntary motility. Such 

facts, however, do not authorize a separation from the pathologic standpoint 

between amyotrophic lateral sclerosis and other pathologic conditions in which the 

lesions are predominantly or exclusively circumscribed in one of the two systems, 
not only because of the close analogies of the elementary lesions in these various 

diseases, but because of the frequency with which one observes histologic pictures 

of transition between the various pathologic conditions mentioned. The author 

believes in the systemic nature of amyotrophic lateral sclerosis, and considers the 

lesion of the central and peripheral neurons as being independent of each other; 

therefore, he does not subscribe to the opinion of Bertrand and Bogart of an 

early involvement of the synapses between the two neurons. 
On the question of pathogenesis, the author develops extensively his own 

conception of the vulnerability of the various structures of the spinal cord on the 

basis of a difference in chemical structure. The predisposing and determining 

factors of the disease are also studied from a biochemical standpoint. From the 

etiologic standpoint, the author emphasizes the importance of toxic and infectious 

diseases, among which syphilis seems to play an important role. 

FERRARO, New York. 
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THE CONDITION OF THE VEGETATIVE NERVOUS SYSTEM IN EXOPHTHALMIC 

GOITER AND IN THE BASEDOWOID SYMPATHETIC SYNDROME. M. LaABBE, 

E. Azérap and E. Sotomon, Ann. de méd. 29:271 (March) 1931. 

Exophthalmic goiter is a combination of two different syndromes: (1) hyper- 

thyroidism, and (2) a disturbed balance of the sympathico-vagus systems with 

predominance of sympathetic excitability. Both syndromes may occur isolated; 
in the first case in the form of goiter with hyperthyroidism, in the second case 

in the form of the “basedowiform” syndrome. The classic test for the demonstra- 

tion of hyperthyroidism is the determination of the basal metabolic rate. The 
Goetsch test and the oculocardiac tests, however, devised for the examination of 

sympathetic and vagus functions, do not always give uniform results. 

The following method was described to determine the degree of excitability of 

the vagus: The patient rests on a couch and his pulse rate is counted; the number 
obtained is an expression of the “relative tonus,” the equilibrium. between sympa- 

thetic and vagus regulation of the heart. Then 0.5 mg. of atropine is injected 

intravenously. The pulse rate is increased after the injection, still more so if 

the patient stands erect (orthostatic reaction). After lying down again, the pulse 

becomes slower. If the rate is approximately the same as it was before the patient 

stood up, the experiment is finished. If, however, the pulse rate is rapidly 

diminished again, the paralysis of the vagus has not been complete. Another 0.25, 

0.3 and, finally, 0.75 mg. of atropine are injected at short intervals, until the 
patient’s pulse rate does not slow down below the rate observed after the injec- 

tion. The rate in the prone position is indicative of the “absolute tonus” of the 
sympathetic; the difference between the value for the latter and the pulse rate 

before the injection indicates the “vagus tonus.” According to Danielopolu, the 

following rates are averages for normal persons: relative tonus, 72; absolute vagus 

tonus, 52 (from 48 to 58); absolute sympathetic tonus, 124 (from 116 to 128). 

Of nine cases of exophthalmic goiter an increased irritability of vagus and 

sympathetic (amphotonia) was found in seven. Relative tonus from 88 to 120; 

absolute vagus tonus from 44 to 72; absolutely sympathetic tonus from 104 to 188. 

From 1.25 to 1.75 mg. of atropine was used. In three cases of toxic adenoma, 
the corresponding figures were: from 80 to 88; from 24 to 48, and from 112 to 

132. In the first group the oculocardiac test was normal in three cases; in three 

other cases the pulse rate was reduced during compression of the eyes. 

WEIL, Chicago. 

MeEnrINGococcic (LATER ALSO STAPHYLOCOCCIC) MENINGITIS, Low SPINAL 

SUBARACHNOID BrLock, ABSCEss, LAMINECTOMY, RECOVERY. J. H. ARNETT, 

M. Clin. North America 13:1051 (Jan.) 1930. 

Only once before has a case of meningococcic meningitis followed by a staphylo- 

coccic infection been reported; this was by Osler in 1899. Arnett’s case, therefore, 

is a rare one; although secondary infection of the meninges is not uncommon, it 

is generally due to the pneumococcus. In Arnett’s case, the patient, a boy aged 14, 

had an attack of meningococcic meningitis with all the usual clinical and bacterio- 

logic evidences of that disease. He seemed to be doing well following intensive 

treatment with serum until the eighth day, when the temperature began to rise 

again and he complained of generalized pains. At the same time, strabismus, optic 

neuritis and rigid retraction of the neck developed. On the eighteenth day, a 

combined tap was done, and both lumbar and cisternal fluids showed a growth 

of Staphylococcus aureus. Ten days later, evidence of block appeared — lumbar 

pressure could not be elevated by the Queckenstedt maneuver, whereas pressing 

on the jugular vein caused a prompt rise in cisternal pressure. Objective examina- 

tion and visceral symptoms localized the lesion at the second lumbar root of exit, 

and a laminectomy was performed. An abscess containing about 40 cc. of pus and 

a mass of matted cauda equina roots was found centrally in the dural sac at the 
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level of the third lumbar vertebra. This was opened and drained, and the patient 
improved steadily, leaving the hospital on the twenty-seventh day after the opera- 

tion almost entirely well. 

Arnett considers that the optic neuritis in this case was not due to intracranial 

pressure but was rather a perineuritis of the optic tract representing an inclusion 
of the optic nerve meninges in the general meningitic process. Another unusual 
feature of this case was the appearance of the obstruction at the widest portion 

of the subarachnoid space, instead of, as is usual, at the narrowing due to the 

cervical or lumbar enlargements. Arnett advises keeping in mind the possibility 
of the formation of an abscess and block at the lowest portion of the subarachnoid 

space. A diagnosis must be made by comparative spinal manometry and careful 

neurologic study, and not merely on the basis of hyperesthesia and pain in the 
lower extremities. Because of the excellent outlook if the abscess can be localized 

and drained, recognition of this condition is of much practical importance. 

DAVIDSON, Newark, N. J. 

On THE PERMEABILITY OF THE MENINGEA BARRIER IN PATIENTS 

MENTAL DurRING HYPERTHERMIA 

AsEpTiC MeniNGITIs. C. E. ROBERTI, 

(July-Aug.) 1931. 

WITH 

» WITH EXPERIMENTAI 

Rassegna di studi psichiat. 20:682 

Starting from the fact that the Flatau test for the meningeal permeability 
acid fuchsin test) is positive in pathologic conditions of the meninges, especially 

he results are negative in 
lementia paralytica, Roberti has experimentally reproduced aseptic 

inflammations, though according to the author himself the 

meningitis 

in patients suffering from schizophrenia or from syphilis of the central nervous 

system through the injection into the vertebral canal of 1 cc. of a colloidal suspen- 
sion of silver. In another group of patients he injected intravenously some 

antipyogenic vaccine in order to produce hyperthermia, and finally, in a third 

group of cases, he studied the permeability of the meninges during the malarial 
paroxysms. 

1. The result of the investigation is that in experimental hyperthermia produced 

xy the intravenous use of antipyogenic vaccine the data have been negative for 

the passage of the chromogen of the acid fuchsin into the cerebrospinal fluid, not- 
withstanding a previous extraction of fluid with the intent of establishing a drain 

that might favor the exchange between the blood and the cerebrospinal fluid. 

2. In malarial hyperthermia in the course of dementia paralytica the resistance 

of the barrier to acid fuchsin is unchanged, the chromoneuroscopic test always 

giving negative results. 

3. Experimental aseptic meningitis does not provoke a modification of the 

barrier analogous to that of the common type of meningitis, and especially of the 

tuberculous one, in which the chromogen from the blood passes into the cerebro- 

spinal fluid. 

4. Positive results are reported in only two cases of terminal dementia paralytica 

in which aseptic meningitis was experimentally provoked, which might be explained 

m the basis that the experimental meningitis enhances the leptomeningeal process 

of dementia paralytica. 

5. Aseptic experimental meningitis is an experimental condition of brief dura- 

tion and is without danger to the patients. FERRARO, New York. 

THE INTRACAROTID METHOD OF TREATMENT FOR MENINGITIS WITH RECOV- 

ERIES. JouHn A. Korimer, J. A. M. A. 96:1358 (April 25) 1931. 

Kolmer believes that, while the intracarotid route of medication has not solved 

the treatment of septic meningitis, yet it has proved a safe and clinically applicable 

procedure offering some hope and advantages over ordinary intraspinal methods 

of treatment. When combined with cisternal or spinal drainage and medication, 
it appears to bring antibacterial agents into more widespread and intimate contact 
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with the infected meninges than is possible by intraspinal medication alone. It is 

therefore an improvement in the route of medication, although ultimate success 

must await the production of more therapeutically active immune serums and 
specific chemotherapeutic substances than are available at present. He is confident 

that, if money and interested workers are available, chemotherapeutic research 
will ultimately discover chemical agents capable of specifically destroying pneumo- 

cocci and streptococci in the tissues as efficiently as arsphenamine and its congeners 

act in the destruction of Spirochaeta pallida. At the present time the dyes, such 

as gentian violet and acriflavine, and such chemical agents as optochin hydro- 
chloride, iodine and mercurial compounds are but hopeful indications of what may 

follow the results of persistent and well organized chemotherapeutic research, 

which he believes constitutes one of the main hopes in the future of conquering 

dangerous bacterial infections. In streptococcus and pneumococcus meningitis and 

cerebral abscesses secondary to primary infections of the nasal accessory sinuses 

and mastoid cells, the problem of prompt and adequate surgical drainage still 

remains of paramount importance, as there are not available at present either 
mmune serims or chemotherapeutic agents capable of disinfecting such areas by 

intracarotid or intravenous routes of administration. It is true that intracarotid 

injections are major procedures and that consequently one naturally hesitates to 

resort to them; but if there is any lesson that should have been learned by this 

time it is that methods of treatment of acute, diffuse purulent pneumococcus and 

streptococcus meningitis by ordinary intravenous and intraspinal medication are 

sually hopeless procedures. With intracarotid injections there is nothing to be lost 
and possibly something to be gained when combined with prompt and _ radical 

ethods for surgical dain: 
Epitor’s ABSTRACT. 

BILATERAL BLEPHAROSPASM AND “SEE-SAW” BLEPHAROSPASM OF ENCEPHALITIC 

ORIGIN BEAUVIEUX. DELMAS-MARSALET and Despons, Rev. d'oto-neuro- 

opht. 9:568 (Oct.) 1931 

The secondary manifestations of epidemic encephalitis present a curious poly- 

rphism, notably perturbations of posture and alterations of muscular tonus. Two 

cases of blepharospasm are reported. In the first, that of a man, aged 32, a 

tvpical attack of epidemic encephalitis had occurred seven years previously. 

Kxamination revealed a mild parkinsonian state: immobile facies, bradykinesis, 

muscular hypotonia and exaggeration of the elementary postural reflexes. <A 

bilateral blepharospasm involved especially the orbicularis and also the frontalis. 
The spasm was provoked by energetic closure of the lids, by blinking produced 

by a bright light or by percussion of the internal angle of the eye. The auto- 
matic reflex, the intrinsic motility and the fundi of the eyes were normal. The 

wearing of dark glasses and the ingestion of scopolamine solution and calcium 

hloride diminished the frequency of the spasms. 

The second case was that of a man, aged 65, in excellent health, and with no 

significant past history except for an intense transient diplopia ten years pre- 

viously For the preceding month he had complained of troubled vision and 

attacks of blepharospasm, alternating from one eye to the other in a see-sawing 

manner. Examination revealed no sign of parkinsonism. Voluntary and associated 

movements of the globes and intrinsic motility were normal, as were the eye- 

grounds. The spasm was provoked by a forward inclination of the head but not 

by a bright light. The normal automatic reflex movements were disturbed, and 
the spasms were diminished by a backward inclination of the head. 

These two observations are examples of the multiple pathogenicity of encepha- 

litic blepharospasm. In the first, the disturbance affected the orbicularis and 

frontalis in their reflex relations with intense visual impressions. In the second, 
the blepharospasm was associated with disturbance of the normal mechanism of 

reflex orientation of the eyes in relation to displacements of the head. It is 

probable that some abnormality in the otolithic apparatus is responsible for the 
difficulty. 

DENNIs, Colorado Springs, Colo. 
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MANAGEMENT OF SKULL FRACTURES AND INTRACRANIAL INJURIES. Harry E, 
Mock, J. A. M. A. 97:1430 (Nov. 14) 1931. 

Mock calls attention to the fact that the annually increasing morbidity and 

mortality rate due to trauma, with skull fracture causing a high percentage of 

the deaths, makes this one of the great economic and medical problems of the 

present time. It is impossible to standardize treatment, as each individual case 
presents its own peculiar requirements. But it is possible to give a rational routine 

treatment which can be applied to 50 per cent of all skull fracture cases and then 

to classify the remaining cases into the following three groups: (1) Those in 
which rest treatment alone is sufficient (4 per cent); (2) those patients who must 

have, in addition to routine care, the special treatment of lumbar drainage (33 per 

cent), and (3) those cases having definite, recognized indications for cerebrocranial 

operations (13 per cent). The author attempts to clear up certain controversies 

by detailing those practices recognized by the majority of authors on this subject 

and proved of the greatest value in his hands in the management of skull fractures 

and cerebrocranial injuries. His article was written for those men away from 

medical centers who are just as frequently confronted with these cases and who 

are sometimes led astray in their treatment by certain teachers decrying lumbar 

drainage and by other teachers extremely adept in operative technic, advocating 

operative intervention in skull fractures, especially decompressions. He believes 

that if the average man will delay all roentgen examinations, undue physical 

examinations and operative procedures (with a rare exception) until the initial 

shock is over and then will classify his cases according to their signs and symp- 

toms, he will develop for himself a common sense, rational line of treatment free 

from many of the controversial pitfalls commonly found in the management of 

skull fractures. Skull fractures should be treated at or near where they occur. 
Specialists, if desired, should be taken to the patient with the skull fracture rather 

than the patient to the specialist. Since, in the majority of communities, specialists 

in this condition do not exist and since the automobile has become a potential 

carrier of skull fractures to every hamlet, village and city in the land, it behooves 

all with experience in this matter to simplify and clarify the management of skull 

fractures to the end that the majority of physicians can properly cope with this 

grave emergency when and wherever confronted with it. 

Epritor’s ABSTRACT 

Psycuic DistTURBANCES IN Somatic Diseases. E. D. Wrersma, J. f. Psychol. 

u. Neurol. 42:480 (June) 1931. 

According to Wiersma, an organic increase in vital energy, which produces, 

for example, muscular hypertrophy, corresponds to a psychic increase in the con- 
centration of attention (higher level of consciousness). In both cases, i. e., as a 

result of an increase of vital energy as well as of the level of consciousness, 

purposeful centrifugal functioning becomes augmented. Similarly, there exists an 

analogous relationship between diminished vitality of a tissue destined for some 

purposeful function and diminution in the concentration of attention, or a lower 

level of consciousness, for in both of these instances there occurs a lack of inhibi- 

tion as well as of conductivity. 

If one could assume that the development of carcinoma bears some relation 

to a diminution in the vitality of epithelial tissue, a structure destined to regulate 

purposeful and useful activity, one could also assume that the development of new 

growths in other tissues may depend on a similar diminution of vitality in these 

tissues. Wiersma believes that the proliferation of excessive granulation tissue, 

which occurs under various circumstances, may also be based on a similar phe- 

nomenon. If all this be true, the cause of primary cerebral tumors may have to be 
looked for in a diminution in the vitality of brain tissue. This naturally pre- 

supposes a knowledge of the manifestations of the vitality of all animal tissues 

and the ability to determine precisely the characteristics of a diminution of purpose- 

ful vital functioning of each tissue. If such knowledge were available one cou 
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hope to recognize, on the basis of physiologic phenomena, the “pretumorous stage” 

of a new growth. As most cerebral tumors are gliomas, the causes and mani- 

festations of the diminution of normal function of glial tissue will have to be taken 

into consideration and carefully investigated. Wiersma believes that just as a 

diminution of consciousness favors the uninhibited purposeless production of ideas, 
so a diminution of somatic vital energy releases lower physiologic functions and 
brings them to the surface. Kescunsr. New York 

THE HisTOLoGic STRUCTURE OF THE SPINAL Roots. G. ANTONINI, Riv. di pat. 

nerv. 37:108 (Jan.) 1931. 

The author has studied from a histologic standpoint the anatomic structure 

of spinal roots, with the special purpose of establishing whether unmyelinated 

fibers are present among the myelinated ones. The author’s investigation has beer 

inspired by the w ... known studies of Ken Kuré and Tetsuschiro, who studied the 

presence of myelinated fibers in peripheral nerves in order to establish a correla- 

tion between the various muscular groups and other sympathetic innervation. 

The method used by Antonini is that of silver nitrate impregnation after pre- 

vious fixation in ammonia alcohol according to Cajal’s technic or previous fixation 

in diluted pyridine according to Lugaro’s modification of the method. The author 

illustrates with photomicrographs the occurrence of considerable numbers of 

unmyelinated fibers in the posterior roots. The difference in the cross-section of 

an anterior root and that of a posterior root consists in the fact that in the latter 

the unmyelinated fibers, which are more deeply impregnated with silver nitrate, 

are scattered throughout the sections among the myelinated fibers and at times are 

collected in bundles of three, four or more fibers. The contrast between the 

unmyelinated fibers and the myelinated ones consists in the existence of a clear 

hollow representing the myelin covering in the myelinated fibers, whereas, the 

unmyelinated fibers are represented by more or less punctiform black dots not 
provided with a covering. In longitudinal sections the unmyelinated fibers, more 

numerous in the posterior roots, appear as deeply stained structures collected in 

bundles of five, six, seven or more individual fibers. The author has studied the 

spinal roots of dogs and of two human beings, and the results are comparable. 

The number of unmyelinated fibers in the posterior root is so considerable as to 
attract attention definitely to this system of fibers, which must take part in all 
the functions of muscular tonus, trophism and vasomotor regulation over which 

the posterior root presides. FERRARO, New York. 

INDISPENSABLE USES OF NARCOTICS: PSYCHOTHERAPY AS A SUBSTITUTE FOR 

Narcotics. R. B. RicHarRpson and T. H. Wersenpurc, J. A. M. A. 

96:1574 (May 9) 1931. 

Throughout the years 1925 to 1929, Richardson and Weisenburg collaborated 

in the intimate study of 125 patients addicted to the use of “habit-forming drugs” 

and observed others to whom the same drugs were prescribed in the ordinary 

practice of medicine for the relief of pain and discomfort. This proved to their 

satisfaction that fewer narcotics would be administered for the alleviation of 

distress if those who practiced the healing art were more conversant with psycho- 

therapy: that in psychotherapeutic principles there is a substitute for narcotics 

in many cases, and when there is no alternative but to use habit-forming drugs 

on account of severe and prolonged pain, the amount prescribed should be kept 

to a minimum. The data collected from all sources were most convincing that 

there is no physical basis for the justification of a narcotic addiction: that it is 

entirely a developmental and psychologic problem, the only approach to which 

lies through the application of psychotherapeutic principles. Psychotherapy in 

terms of drug addiction means giving the patient something to live for. It is not 
possible to lay down precise rules for rendering their difficulties innocuous since 

no two personalities are composed of the same combination. It is necessary to 

| 
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study the mosaic of the patient’s life to discover something that will blend with its 

coloring. It is a matter of transtorming defeat into victory. This can be accom- 

plished by fully understanding the patient’s personality, environment, difficulties 

and outlook on lite, and then with the infinite patience of a wise parent putting 

better things in his way. Fewer narcotics might be prescribed if those who treated 

human ills interpreted distress in terms of personality rather than in symptoms of 

the physical machine. It is not the intention to suggest or infer that narcotics 

might be banished from medical use They still have their place; but he who 

prescribes such drugs on the least provocation is practicing medicine indolently. 

Epiror’s ABSTRA 

PERMEABILITY 01 HE HeMATO-ENCEPHALIC BARRIER IN PATIENTS WITH 
Menta Disease. C. E. RosBerti, Rassegna di studi psichiat. 20:663 (July- 

Aug.) 1931. 

The importance of the study of the permeability of the hemat wcephalic barrier 

becomes apparent when the conclusions of Walter are recalled concerning the 
distinction made between schizophrenia and symptomatic psychoses due to toxi 

factors. According to Walter, in toxic encephalitis there is an increase of per- 

meability, contrasting with a decrease as reported in schizophrenia Following 

Walter’s studies, Flatau has devised a new method of investigation of meningeal 

permeability, which is called the chromoneuroscopic test and consists in the intra- 

muscular injection of Grtbler’s acid fuchsin, with the consequent passage into the 

cerebrospinal fluid of chromogen, which can be detected by the use of the following 

reagent: 9 cc. of 95 per cent alcohol and 1 cc. of hydrochloric acid, which in 
contact with chromogen will give a violet reaction 

Roberti studied ninety cases of various mental conditions at a stationary period 

or during manic excitement, during which, according to Monakow, the permeability 

of the barrier is more easily involved. The conclusions are that: (1) in patients 

with mental disease Grubler’s acid fuchsin does not pass through the hemato- 

encephalic barrier. (2) The supposed meningeal involvement (chronic leptomen- 

ingitis of dementia paralytica, leptomeningitis in cases of severe amentia, chronic 

alcoholism, arteriosclerosis, etc.) dces not seem to be sufficient to allow the passage 

of acid fuchsin into the cerebrospinal fluid. (3) The agitated periods of dementia 
praecox do not generate abnormal conditions of permeability of the meninges as 

detected by the Flatau test. (4) No difference in the behavior of the permeability 

of the barrier is found in dementia paralytica before or after malarial treatment. 

(5) The only positive test that one patient showed is related, according to the 

author’s opinion, to the more general nutritional condition of rickets and ichthyosis 

that were present. (6) Age has no influence on the permeability 

FERRARO, New York 

ROLE PLAYED BY THE CUTANEOUS SENSES IN SPATIAL PERCEPTIONS. WILLIAM 

MALAMUD and WALLACE NyGarp, J. Nerv. & Ment. Dis. 73:465 (May) 

1931. 

The authors’ experiments were carried on with thirteen college students 

regarded as normal controls and thirteen patients of the Psychopathic Hospital, 
eight having psychoneurosis, one psychopathic personality and four schizophrenia. 

The authors found that, in studies of space perception, normal persons show higher 

thresholds for two-point pain discrimination than for two-point touch discrimina- 

tion. In the psychoneurotic patients the opposite result was found, namely, that 
the thresholds for pain are lower than those for touch. In the patient with 

psychopathic personality and in the four with schizophrenia, a similar reading 

resulted. The authors analyzed one of the neurotic patients suffering from a 

compulsion to kill her husband and son, and found a definite parallelism between 

the occurrences in the general behavior of the psychoneurotic person and the 

particular deviation in his perception of space. Thus the normal person tends 
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to distort certain space perceptions when the cutaneous senses are used without 

the control of the visual sense. In the psychoneurotic patient the authors found 

a tendency to overcompensate in favor of the environment, namely, by repressing 

the normal tendency to judge the painful stimuli as being nearer to one another 

than the tactile, and then to overshoot the mark by a reversal of the normal reac- 

tion. These perceptual characteristics are linked with the total behavior of the 
personality to indicate that they are not isolated phenomena, but closely inter- 

related aspects of the interaction of a special personality and its environment. 

Hart, Greenwich, Conn. 

THE CajJAL-SmMIRNOW FIBERS: \ NORMAL COMPONENT OF THE HUMAN 

CEREBELLUM. K. von Santua, Arch. f. Psychiat. 93:142, 1931. 

The Cajal-Smirnow fibers were first described by Cajal, who observed them 

in animals; subsequently they were demonstrated by Smirnow in dogs. Since 

then, attempts have been made to demonstrate these fibers in the human brain, 

but until recently they were thought to be present only in pathologic human 

material. The author has investigated the occurrence of these fibers in fifty 

human brains and in the brains of two monkeys, two dogs and two rabbits. The 

human brains were those of persons with schizophrenia, dementia paralytica, 

arteriosclerosis, senile dementia, and a number of other diseases. He comes to 

the following conclusions These fibers are normal constituents of the human 

cerebellum. Their localization is restricted to the paleocerebellum, and they are 

most frequently found in the lobus anterior vermis and the flocculus. They come 
up from the white matter, traverse the cortex for a distance and return back into 

the white matter. They do not seem to originate in the Purkinje cells, nor do 

they have any definite relationship to the association elements of the cerebellum. 

They also seem to have no relationship to the afferent pontile fibers, so that they 

are apparently exclusively related to the elements that run into the paleocerebellum. 

The fibers show a tendency to proliferation in certain endogenous nervous diseases. 

(To the reviewer it appears somewhat unjustified to reach a conclusion as to the 
occurrence of these fibers in normal brains on the basis of a study of a number 

of brains that were exclusively those of patients with mental and nervous diseases.) 

MaLamuD, lowa City. 

A CONTRIBUTION TO THE KNOWLEDGE OF THE MICROGLIA IN BrrRpbs. V. 

3ELMONTE VENTO, Bol. r. Soc. espa. de hist. nat. 31:349, 1931. 

The author has studied the microglia in the chicken, sparrow and pigeon. The 

technic used was the method of del Rio Hortega. The staining capacity of the 

microglia varies according to the species. It stains readily in the chicken, but not 

so easily in the pigeon and sparrow. The descriptions given by the author refer 

chiefly to the microglia in the chicken. 

In chicks, from eight to fifteen days after hatching, the microglia already appears 

with the characteristics of that found in the adult. Microgliocytes occur every- 

where in the nervous system, in the white matter as well as in the gray matter, 

though they are more abundant in the latter, as is the case in mammals. The 

microgliocytes of the chicken are somewhat smaller than the mammalian, and the 

prolongations are correspondingly thinner. The nuclei are polymorphic. The 

distribution of the microgliocytes is similar to that of the corresponding element of 

mammals, but they are not so abundant in the cerebellum of the bird. In all 

other respects, the avian microglia is identical with the mammalian. 

The author has also, studied the microglia in experimental wounds produced 

with a heated needle. In the chicken and pigeon, the mobilization of the microgli- 

ocytes takes places from twenty-four to forty-eight hours after the wound has 

been inflicted, and the diverse aspects during their migration toward the affected 
area can be followed. As in the mammal, the microgliocytes lose their prolonga- 
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tions to become round, ameboid cells, which ingest débris, especially red blood 
corpuscles in diverse stages of their disintegration. Many microgliocytes appear 

under the form of rod cells, which are formed in early stages, while others are 
changed into the fat-granule cells so characteristic of mammalian lesions. 

NONIDEZ, New York. 

A Case oF Optic ATROPHY WITHOUT PAPILLEDEMA IN A TUMOR OF THE 

FRONTAL LoBeE COMPLICATED BY HypROCEPHALUs. A. Rirat, Ann. d’ocul. 
168:206 (March) 1931. 

It is pointed out by Rifat that cerebral tumors developing away from the 

region of the chiasm, in certain cases, produce a clinical picture that simulates 

tumors of the hypophysis. The case observed by him was that of a woman, 

aged 35, who showed signs of markedly increased intracranial pressure and 
symptoms of involvement of the chiasm, notably, simple optic atrophy and altera- 

tion in the sella turcica. There was also complete loss of the sense of smell, mental 

involvement and facial paresis of the central type. The cerebrospinal fluid showed 
a marked increase in albumin with no increase in the cell count. The clinical 

picture indicated the presence of a tumor of the frontal lobe. The anosmia 
suggested localization in the anterior cranial fossa. The psychic symptoms were 
not marked, in spite of the fact that both frontal lobes were shown at autopsy 
to have been involved with marked destruction of the right lobe. Simple optic 

atrophy developed, as the autopsy demonstrated, because the chiasm was com- 
pressed by the distention of the third ventricle. 

Rifat states that it is rare for papilledema to be present in such cases. He 

also states that changes in the sella turcica do not always point to a tumor in 
the region of the chiasm. Changes in the sella have been reported in tumors 

located elsewhere and also in chronic hydrocephalus. In certain cases of internal 

hydrocephalus, the roentgenogram demonstrates a pathologic process in the sella 

turcica, although no signs of involvement of the chiasm or optic tracts can be noted. 

BERENS, New York. 

CONVULSIVE MANIFESTATIONS IN HUNTINGTON'S CHOREA. J. NOTKIN, J. Nerv. 

& Ment. Dis. 74:149 (Aug.) 1931. 

The author reviews the literature and finds convulsive seizures in Huntington's 

chorea not particularly common. Some nineteen authors have reported instances 

since 1880. The case of a woman, aged 55, with a family history of alcoholism 

and mental disease, is discussed by the author. This woman, at the age of 49, 
became more seclusive and apathetic, and indulged in moderate alcoholism; 

unsteadiness on her feet developed. Dizziness, pains in the head and more marked 

disturbance of equilibrium followed. Three years prior to commitment, delusions 

of persecution developed; she became forgetful, and seemed mildly depressed and 
unstable emotionally Progressive deterioration set in, with poor orientation, 

unstable dancelike gait and convulsive seizures of generalized character, with loss 
of consciousness and somnolence. Speech became indistinct. The study of the 

pathology of the brain in the literature shows no uniformity of findings. Lesions 

have been found in the corpus striatum, precentral gyrus, frontal lobe and occa- 

sionally in the other cerebral lobes. Many of the unconscious attacks recorded 

in the literature are not accompanied by motor phenomena. In ten instances the 

convulsive attack preceded the onset of the chorea, and in six it occurred at the 

same time. In some cases one finds a history of involuntary movements in various 

muscle groups under emotional stress long before frank choreic movements 

appeared. Convulsive manifestations in other members of the family are recorded 

frequently enough in the literature to be of great significance, and suggest some 

relationship between Huntington's chorea and the idiopathic group of convulsive 

tates. Hart, Greenwich, Conn. 
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THe CENTRAL TEGMENTAL TRACT (THALAMO-OLIVARY TRACT). ALFRED 

ALEXANDER, Arb. a. d. neurol. Inst. a. d. Wien. Univ. 33:261, 1931. 

The central tegmental tract represents a system that, although not uniform 

size, is present throughout the entire mammalian series. It attains its greatest 

development in man, in whom it occupies the characteristic position of being well 

limited to the center of the tegmentum. In animals, the location of this tract is 
rather indefinite although, in almost all of them, it is most distinct in the oral 
portion of its course. Next to the apes, the system is best developed in Carniv- 
ora and next in Artriodactyla and Perissodactyla as well as in Rodentia. It is 

strikingly poorly developed in Chiroptera, while in the remaining animal orders 

it exists only in the form of a few fibers. 

Although the author’s investigations of this tract do not warrant positive con- 
clusions as to its origin, nevertheless he finds sufficient evidence to lead him to 

believe that its site of origin is in the mesencephalon. His assumption is based 

on the fact that in no animal could he find any fibers of the tract oral to the 
nucleus oculomotorius. The site of origin he believes to be chiefly in the central 

gray matter at the level between the nuclei of the third and fourth cranial nerves: 
it is from this level that the fibers can be seen definitely to enter the tractus centralis 

tegmenti. The other nuclei situated at the margin of the central gray, such as the 

nucleus darkschewitschii, seem to have some relation with the tract, at least with 
part of its fibers. Its connection with the striatum through the mesencephalon 
makes it an important link in the striocerebellar mechanism, and as such it 
assumes the significance of a mesencephalo-olivary tract. 

KESCHNER, New York. 

[Two CAsEs OF SYPHILITIC SPONDYLITIS. CHRISTINE ABERNETHY, Brit. M. J 

1:1112 (June 27) 1931. 

Because of the rarity of syphilitic spondylitis reported in the literature, two 

cases are recorded. Both showed a history of rheumatism extending over ten 
years. The first patient was 36 years of age. Although he had complained of 

pain in the arms and shoulders, improving and relapsing, prior to being crushed 

between heavy gates, subsequently pain in the thoracic wall, shoulders and neck 

was attributed to the accident. A roentgenogram revealed a dislocation of the 

atlas forward on the axis, and that the first three cervical vertebrae were carious. 

Fixation gave only temporary relief. Two months later, a bony tumor developed 

in the lower third of the humerus, and was diagnosed by the roentgenologist as 

nontuberculous and suggestive of syphilis. The Wassermann reaction was positive. 

A British preparation of neoarsphenamine brought about uninterrupted recovery 

from the spinal condition, but a fracture occurred through the gumma in the 

humerus and failed to unite. The second case was in a man, aged 41, who eighteen 

months before admission to the hospital had had a series of abscesses over the 
sternum and in the region of the parietal bones. These had broken down and some 

had healed. Suspicions of syphilis were confirmed by a positive Wassermann reac- 

tion. Three weeks later, because of the complaint of pain and stiffness in the 

neck, roentgen examination was made, and early destruction of the third cervical 

vertebra was found. Rapid improvement followed the administration of neo- 

arsphenamine and the application of a surgical support. Roentgenologically, the 

lesion was soundly healed at the end of nine months. 

FerGuson, Niagara Falls, N. Y. 

THE RELATION OF ACHLORHYDRIA TO PERNICIOUS ANEMIA. ELI MOscCHOwWITZ, 

Arch. Int. Med. 48:171 (Aug.) 1931. 

In view of the changes in the spinal cord so frequently associated with it, 
neurologists will be interested in Moschowitz’ presentation of the position of 

achlorhydria in the pernicious anemia syndrome. That the achylia gastrica is a 
primary and not a secondary feature of the disease is evidenced by the constancy 
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of its appearance, by the fact that it precedes the blood changes and does not 
improve during a remission, and that there is no stage of diminishing gastrik 

acidity even very early in the course ot the pernicious anemia. Moschowitz is 

skeptical about the hypothesis that the Bothriocephalus latus is an etiologic agent. 

pointing out that in some parts of the world, as, tor example, areas in Finland. 

infestation with this parasite occurs in 30 per cent of the people, while anemia is 

observed in less than 1 per cent. He speculates as to the relationship betweer 

achlorhydria and secondary anemia and considers it a reasonable, but unproved 

possibility. Among apparently normal persons achlorhydria has an incidence of 

about 0.2 per cent. He cites Crohn's report that 40 per cent of the apparently 

healthy children of parents with pernicious anemia show achlorhydria, and quotes 
Levine's finding of a 60 per cent familial incidence in this disease. He concludes 
with the observation that achlorhydria is the most tangible evidence of the cor 

stitutional background of pernicious anemi | r oF 
a d per anemia IWAVIDSON, Ne Vark, N. J 

PAINFUL CONTRACTURES IN FLEXION OF THE Lov : EXTREMITIES FROM 

UNILATERAL CEREBRAL Lestons. L. TCHLENOFF and C. Cuaimeé, Encéphale 
26:438 (June) 1931 

In 1925, a report was given by Vincent, Krebs and Chavany of two cases 
which a unilateral cerebral lesion was accompanied by flexion spasms of the 

lower extremities. The syndrome, as worked out then, consists of more or less 

marked obtunding of the intellect; severe hemiplegia; severe pain, generally local- 

ized in the lower limbs; hyperalgesia to contact; contracture of the lower limbs 

and reflexes of defense on the hemiplegic side. At autopsy these two cases showed 

the one, an infarct of the external capsule, putamen and other cell masses of the 

lenticular area; the other, a unilateral cerebral lesion conditioning partial degen- 
eration of the one pyramid 

The authors present a case almost identical in symptomatology \ woman, 

aged 48, manifested a progressive development along the lines given, and at autopsy 

showed extensive softening of the sylvian area. The authors are thus led t 

conclude that the clinical picture can be produced by a lesion of the sensory area 

of the cortex, of the thalamus or of the tracts uniting the thalamus and the 

parietal lobe. They consider the syndrome as a definite unit, based on the libera- 

tion of thalamic and thalamopallidal functions from cortical and _neostriatal 
inhibition. ANDERSON, Los Angeles. 

A Case OF PERNICIOUS ANAEMIA RESISTANT TO TREATMENT. A. M. KENNEDY, 

Brit. M. J. 2:5 (July 4) 1931. 

A man, aged 52, noticed that he was becoming pale and tired easily \ year 

later, he sought treatment in a convalescent home for a year. The symptoms 

increased, and six months later he was told that he was suffering from pernicious 

anemia and was given from 14 to % pound (120 to 240 cc.) of liver daily. After 

six months of treatment, his condition was unchanged, and he was admitted to 

the hospital under the author’s care. The course in the hospital extended from 

April 25, 1930, to March 21, 1931, when he died of bronchopneumonia. He was 

treated first with liver, later with desiccated extract of stomach tissue and then 

with multiple vitamins (A, B, C, D and E), during which improvement took place 

for two and a half months, but was not maintained, and a relapse ensued. Liver 
extract and desiccated extract of stomach tissue were then given, with several 

transfusions of blood, but the relapse progressed and ended in death. The author 

remarks that the improvement under administration of the vitamins may have 

indicated nothing more than a natural remission. Autopsy confirmed the diagnosis 

of pernicious anemia. An unusual feature of the case was the presence of hydro- 
chloric acid in the stomach contents. Otherwise, the clinical picture was typical 

of addisonian pernicious anemia. Fercuson. Niagara Falls. N. Y 
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EPILEPTIFORM SEIZURES OF JACKSONIAN CHARACTER: ANALYSIS OF ONE HUN- 

DRED AND TutrRTtTy Cases. E. F. FINCHER, JR., and CHARLES E. DowMAN, 

J. A. M. A. 97:1375 (Nov. 7) 1931 

One hundred and thirty cases presenting localized convulsive attacks either 

motor or sensory in character are analyzed. In regard to the underlying etiologi 

factors, the cases fall into the following groups: (1) brain tumor, 24.6 per cent; 

2) trauma occurring after birth, 20 per cent; (3) birth trauma, 14.6 per cent; (4) 

postinfection, 10.7 per cent; (5) cerebral atrophy of undetermined cause, 5.2 per 

cent; (6) syphilis, 5.3 per cent; (7) palsies of childhood of undetermined etiology, 

3.8 per cent; (8) arteriosclerosis, 3 per cent; (9) miscellaneous causes, 3.8 per 

cent; (10) undetermined etiology, 8.4 per cent. There were ninety-one males and 
thirty-nine females in the group. In sixty-nine of the cases exploratory crani- 

otomy was advised, and in sixty-two it was performed. The treatment in the cases 

in which operation was pertormed consisted, in general, of the removal of tumors, 

the excision of a cortical cicatrix, and the destruction of the so-called epileptic zone 

if no gross lesion was demonstrated. The results in the cases in which operation 

was performed seem to support the opinion that exploratory craniotomy is a 

justifiable procedure in all cases presenting localized epileptiform seizures in which 
the possibility of uncovering a removable lesion or destroying a demonstrable 

epileptic zone exists Eprror’s ABSTRACT. 

PSYCHOANALYSIS AND MEDICINE. FRANZ ALEXANDI 

(April 25) 1931 

J. A. M. A. 96:1351 

The author sees the significance of psychoanalysis in its relation to medicine 

in the following two accomplishments 1. With the help of a technic specifically 

adapted to the nature of psychic phenomena it developed a consistent and empirically 

founded theory of the personality suitable to serve as a basis for the understanding 

and treatment of mental disturbances. 2. It gave a concrete content to the 

philosophic postulate which considers living beings as psychobiologic entities by 

investigating in detail the interrelation of physiologic and psychologic processes. 

The greater part of these investigations must, however, be left to the future to 

be accomplished. He confesses that he feels his presentation incomplete because 

he touched only the actual results of psychoanalytic investigation and focused his 

interest on the method. But he thinks that it is more interesting and important 

for physicians to hear about the scientific nature and methodology of psychoanalysis 

if they desire to become oriented toward this young science so widely challenged, 
so problematic, and still so unknown. If the reader has obtained the impression 

that the method itself is sound, it is of secondary importance whether the results 

are finally tested or not. If the method is sound, in time the results must also 

become sound and acceptable Eorron’s ABSTRACT 

OBESITY, CONSTITUTIONAL OR ENDOCRINE SOLOMON SILVER and JuLIvus 

BavuER, Am. J. M. Sc. 181:769 (June) 1931. 

The present concepts of the nature of obesity are critically reviewed, and the 

dangers of an “endocrine diagnosis” are mentioned. Obesity must be considered 

as a failure of the mechanism that normally keeps the weight of adults constant, 
thus stressing its endogenous nature. In Bauer’s 400 cases, occupation played an 

insignificant role. The two main factors, the appetite and the energy expenditure, 

may be ill balanced. Perversions of appetite occur in organic and functional 

disease of the central nervous system, viz., “cerebral obesity”; increased appetite 

(hyperinsulinemia with hypoglycemia) and depression of the oxidative changes 

(hypophyseal cachexia and Addison’s disease) are not always accompanied by an 

increase in weight. The constitutional concept of obesity considers this exag 

| 
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gerated tendency of some tissues to store fat (lipophilia), and possibly water and 

salts, as the primary factor in the causation of the obese state. The perversion of 
metabolism is explained as the result of a congenital factor already present in the 
fertilized ovum. Bauer could demonstrate the familial incidence of obesity in 

some 88 per cent of his cases, and found that only 2.6 per cent of 275 cases of 

obesity had their origin in disturbances of the glands of internal secretion. 

MICHAELS, Detroit. 

MENTAL HYGIENE IN TEACHER-TRAINING INSTITUTIONS IN THE UNITED STATEs. 

CHARLES E. Benson and Louise E. ALTENEDER, Ment. Hyg. 15:227 (April) 
1931. 

From 239 normal schools, teachers’ colleges and private institutions for training 

teachers, Benson and Alteneder received information concerning courses in mental 

hygiene. A regular course in this subject is given in only 20 per cent of the 

schools; in most of these the course is elective, open for the most part to senior 

or graduate students. Four fifths of the institutions hold lectures on mental 
hygiene in connection with other courses, however. <A psychiatrist is available for 

consultation, instruction and help in only 5 per cent of the schools. 

The private teacher-training institutions seem more interested in courses in 

mental hygiene than the municipal and state schools. In 1920, a survey similar 

to this study by Benson and Alteneder was conducted by Burnham, and a com- 

parison of the two reports shows significant progress in the last ten years. 

Programs have been enlarged, special courses have been introduced, and the technic 
of mental testing has been more widely studied. Perhaps the most important change 

has been the shift of emphasis from the abnormal to the normal, the change in 

objective from readjustment to prevention. Davipson, Newark, N. J. 

REMISSIONS AND RELAPSES ASSOCIATED WITH PREGNANCY IN MYASTHENIA 

Gravis. L. P. E. Laurent, Lancet 1:753 (April 4) 1931. 

The influence of pregnancy and sometimes of the menstrual cycle on the course 

of myasthenia gravis leads the author to the view that this condition is largely, 

if not entirely, brought about by endocrine disturbances. A case of myasthenia 

gravis is described in a woman, aged 49, who had been under observation for 

twenty-six years. There were many remissions, none, in this case, however, having 
any definite reference to the menstrual cycle. There was a striking relationship 

to pregnancy, however, although an attack did precede marriage. During six 

subsequent pregnancies a relapse occurred, each clearing after either a miscarriage 
or an artificial abortion. Two healthy children were born, both with marked ease 

and rapidity of labor. Percipitate labor has previously been reported in this illness. 

Beck, Buffalo. 

THE LocaLizInG SIGNIFICANCE OF IMPAIRED RESPIRATORY MOVEMENTS IN LESIONS 
OF THE SPINAL Corp. WaAttTer O. KLINGMAN, Bull. Neurol. Inst., New York 

1:136, 1931. 

The author calls attention to the clinical significance of impaired respiratory 
movements as valuable means of detecting and localizing lesions of the upper part 

of the spinal cord; the innervation of the various groups of muscles concerned in 
respiration and the clinical evidence of impaired or lost function of these various 
groups are clearly given, as well as the levels of the segments that innervate 
groups of muscles. Clinically, variations in movements of the thorax are classed 
in five groups corresponding to various levels of the cord. Among the clinical 

conditions in which thoracic signs may be produced are poliomyelitis, syringo- 

bulbia, infectious mvyelitis, transverse lesion of the cord and tumors. 

KUBITSCHEK, St. Louis. 
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PROGNOSTIC IMPORT OF A NEGATIVE SPINAL FLUID IN EARLY AND IN LATENT 

SYPHILIS. H. HANrorp Hopkins, Arch. Dermat. & Syph. 24:404 (Sept.) 

1931. 

That syphilis, when it invades the nervous system at all, does so during the first 
few months of the infection is the thesis of Hopkins. He cites in evidence, a 

follow-up study of over four hundred syphilitic patients, all of whom had normal 

spinal fluids during the first year, and only 3 per cent of whom subsequently 

developed cerebrospinal syphilis. The few cases that did develop were mild, and 

not a single one of the patients suffered from either tabes or dementia paralytica. 

Hopkins concludes that, in a vast majority of cases, a normal spinal fluid during 

the first year of syphilitic infection warrants the presumption that syphilis of the 

central nervous system will not develop. Davipson, Newark, N. J. 

MULTIPLE CEREBRAL SPINAL ANGIOSPASMS SIMULATING MULTIPLE SCLEROSIS. 

F. BREMER, J. de neurol. et de psychiat. 31:493 (Aug.) 1931. 

The author states that angiospasms of the central nervous system may establish 

a syndrome that is similar to multiple sclerosis. The symptoms of such an 

involvement are extremely variable, and in certain cases may be allied to Ray- 
naud’s disease. The symptoms are inconstant and extremely variable as to location, 

involving even the medulla. Bremer states that during the past few years he has 

had an opportunity to observe several cases of this sort, which have been associated 

with symptoms of diplopia, paresthesias, paraplegia, scintillating scotoma, transient 
hemianopia, syncope, etc. Organic sequelae often persist. Treatment in these cases 

by sedative and continuous antispasmodic medication has given satisfactory results 

WaGGONER, Ann Arbor, Mich. 

THE EFFrect oF LECITHIN ON THE CEREBRAL CORTEX. ALEXANDER LINDBERG, 

J. f. Psychol. u. Neurol. 42:465 (June) 1931. 

Lindberg studied the effects of the continuous subcutaneous administration of 

lecithin on the cortical activity in dogs by employing Pavlov’s method of con- 

ditioned reflexes. The effects of single subcutaneous injections of this substance 

on the central nervous system had previously been studied by other observers who 

found marked increase in the excitability and functioning of various parts of the 

nervous system. In Lindberg’s experiments the lecithin did not produce an increase 
in excitability but an “augmentation of power of the central nervous system’— 

an increase in the power of resistance during the period of transition between 

diminished excitability’ and normal activity KESCHNER, New York 

DISTURBANCES IN HANDWRITING AND CLUMSINESS AS SIGNS OF Toxic GOITER 

HENRY J. VANDEN Berc, Am. J. M. Sc. 182:114 (July) 1931. 

In the author’s experience, patients with toxic goiter may be troubled with 

tremulous handwriting. The handwriting in five such cases before and after 

surgical treatment illustrates his contentions. As tremor is one of the cardinal! 

symptoms and signs of exophthalmic goiter, the author asks, why should it not 

affect one’s handwriting?’ Disturbances in handwriting and “clumsiness” may be 
il Ss oO ( ase r e } le ic hints of an early or mild case of exophthalmic goiter MiIcHAELs, Detroit. 

SEPTICAEMIA AND ENCEPHALITIS IN RELATION TO VACCINATION. ROBERT 

Priest, Brit. M. J. 1:349 (Feb. 28) 1931 

The clinical and postmortem observations in the case of a patient who died 
twenty-three days after vaccination are reported; the symptoms suggested enceph- 

ilitis, yet at the same time there were evidences of septicemia. Autopsy proved 
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conclusively that the symptoms and death were due to the latter. The autho ym] r 

emphasizes the importance of a differential diagnosis between these two conditions 
in all patients who become ill following vaccination. 

FERGUSON, Niagara Falls, N. Y 

COMPARISON OF THE CAPACITY OF ANTERIOR-HyYPOPHYSEAL TISSUE OF MATURE 

AND IMMATURE FEMALE Raspits TO INDUCE OvULATION. J. M. Wott 

and Rucker, Anat. Rec. 51:213, 1931. 

Seventy-one rabbits were injected with hypophyseal tissue. Anterior-lobe tissues 

taken from immature female rabbits, as young as 3 months of age, and from 
mature females have equal capacity to induce ovulation \nterior-lobe tissue 

from very young female rabbits (4 weeks) was deficient in the factor that causes 
ovulation. Coss. Boston. 

THE MECHANISM OF VASODILATATION FOLLOW? rHE STIMULATION OF ANTI 

proMic Nerves. A. W. Kipyaxow, Arch. f. d. ges. Physiol. 228:30, 1931 

Following stimulation of the posterior roots of cats and rabbits, the blood of 

the corresponding limb acquires vasodilator qualities [he same is true for a 

Ringer solution which is perfused through the vessels of a limb, the posterior roots 

of which are stimulated. These experiments support the theory of Langley that 

the antidromic impulses conducted in sensory nerves produce chemical substances 
in the periphery SPLEG Philade Iphia 
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NEW YORK NEUROLOGICAL SOCIETY AND NEW YORK 

ACADEMY OF MEDICINE, SECTION OF NEUROLOGY 

AND PSYCHIATRY 

Joint Meeting, Nov. 10, 1931 

S. Puitie Goopuwart, M.D., President, in the Chatr 

AVULSION OF BoTtH EyYEs AND Optic NERVES BY A PATIENT WITH A PoOstT- 

ENCEPHALITIC CONDITION. Dr. S. GOODHART. 

R. V., aged 16, was the youngest of eight siblings, with a good family history, 

whose developmental life contained nothing abnormal. The medical history showed 

no sequelae from the usual diseases of childhood. Psychosexual development was 

without unusual features. The source of the present physical and mental state 

vas an attack of encephalitis at the age of 8. The outstanding symptoms of the 

icute phase of the disease were a mild febrile period characterized by somnolence, 

although during the greater part of this period she was ambulatory. A few 

months later, character and personality changes were noted — undue irritability 

nd anger in reaction to ordinary situations, and sudden tantrums, such as striking 

at the window, tearing clothes and smashing things about the house. Within a 

few months, left-sided extrapyramidal symptoms appeared (hemiplegia). She was 

bserved and treated at Mount Sinai Hospital (1925) and at the New York 

Neurological Institute (1928). When 14, she first began to show a tendency to 

the self-infliction of injury; she would lock herself in a room and beat her body. 

In 1930, she started the removal of her own teeth. She was admitted to Morrisania 

Hospital in July, 1931, with mild ophthalmia of both eyes, probably due to irrita- 

tion by her own manipulations At Morrisania Hospital she avulsed both eyes 
vith the optic nerves attached. There was little bleeding at the time. She 

stated that her eyes “just popped out.” Physical examination at the Morrisania 

Hospital after avulsion revealed normal sensory responses throughout; in fact, 

she was very sensitive to painful stimuli. On the motor side, a left extrapyramidal 
type of hemiplegia was present. The patient was later removed to Montefiore 

Hospital. Psychiatric examination revealed little; the patient was well oriented; 
the stream of thought was normal, with no gross evidence of intellectual enfeeble- 

ment; the affective responses were adequate. She became depressed and tearful 

when the subject of self-mutilation was discussed. She finally admitted removal 
tl + he eyes, saying: “Something made me do it.” She was edentulous. 

AcUTE INTRACRANIAL EpEMA COoOMPLICATING OTITIS MEpIA. Dr. FOSTER 

KENNEDY 

For some time it has been realized that localized intracranial edema can produce 

mportant neurologic signs. One is aware ef it when angioneurotic edema occurs 

in other parts of the body, and appearing in the brain, produces transient 
erebral symptoms. One is also aware of it as a sequel of serum administration 

and as a manifestation of serum sickness. About two and a half years ago, I 

was asked one morning to see a child, aged 10, who had had what appeared to 

be a serious cerebral accident an hour before. The child was in the Hospital 

f the Rockefeller Institute for nephritis, having in addition chronic left otitis 

media. The child had had no previous cerebral symptoms whatever. At 9: 30 a. m. 

the nurse approached the child to feed it (having washed it earlier and found it 

intact and as usual) but it could not talk or raise the right arm. The nurse 
notified the doctor who at about 10 called me. I saw the child at 10:30, and 

found complete hemianopia, severe aphasia and total right hemiplegia with much 
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right hemianesthesia. The optic nerves were normal. The child was very drowsy. 
The history of the onset was so sudden and yet so subacute that the theory was 

made that the child was suffering, not from an intracranial vascular accident, 
but from an edema, the joint result of nephritis and a septic focus with local 
irritation of the meninges and brain. It was rather a rash diagnosis, as I was 

not familiar with that kind of edema, though interested in intracranial edema in 
general. I was delighted and amazed to find that the child at 5 p. m. that day 

had no hemiplegia, no hemianopia and no aphasia. The child was talking norinally, 

and the Babinski sign had vanished. This is an example, the only very good 
example I have ever seen, of localized cerebral edema complicating otitis media. 

Another case is more in line with those reported lately by Symonds in Brain. 

The child is now well. She is 12 years old. Three years before, she had double 

otitis media and a left mastoidectomy was performed. In April, 1931, she awoke 

with pain in both ears and a temperature that reached 105 F. Ten days later, 

she had double vision. A right mastoidectomy was performed, and chronic 

mastoiditis was found. In the two events, three years before and early in May, 

she had a double mastoidectomy. After the last operation she had a febrile 
temperature between 104 and 107, with, however, almost no headache. In that 

way she differed from Symonds’ patients, in all of whom there was severe headache. 

She had a marked discharge from the ear for a week, which then stopped. She 

was perfectly well mentally, being alert and bright throughout. Some nausea, 

but no dizziness, was noted. Blood cultures gave negative results. No stiffness 

of the neck occurred. Except for strabismus and diplopia, vision was very good. 

There was marked bilateral papilledema, discovered, I believe, by accident in the 
course of routine examination. In the course of the mastoid operation, the lateral 

sinus was exposed and found to be uninfected. A spinal tap was done; the fluid 
was under greatly increased pressure. The cell content was normal. Throughout 

the illness the patient was clear mentally, in that way differing from patients with 

brain abscess following otitis media capable of producing severe papilledema. She 

was merry, gay and never stuporous. There was a distinct weakness of the left 

sixth and a doubtful weakness of the left seventh nerve, but no involvement of the 

other cranial nerves, no hemianopia and no other cerebral signs. In spite of the 
fact that she had papilledema and palsy of the sixth and possibly of the seventh 

nerves, we were prevented from making a diagnosis of abscess because of her alert- 

ness. Dr. Brock said that he believed she had otitic hydrocephalus. I am not sure, 

however, that Symonds is altogether right in saying that these cases are the result 

of overproduction of ventricular fluid, and that they are cases of internal hydro- 

cephalus. I am not sure that his cases are not more like my first case of definitely 

localized cerebral edema. Such conditions may easily be mistaken for abscess, and 
these considerations oblige one to have alternate diagnosis in mind. The child had 

a fever with papilledema for six weeks. Gradually they diminished and ended 

She has now been well since last July, and I believe that she has no abscess, not 

even a latent one. 

DISCUSSIO> 

Dr. J. H. Lerner: I wish to inquire of Dr. Kennedy as to the examination 

of the patient’s visual fields. Did the case show a pure papilledema with resolu- 

tion, or, in view of the toxic factor, was there any scotomatous involvement? 

Dr. KENNEDY: A note of mine on June 3 says: “Since an abscess acting 

like a tumor might impinge on Meynert’s bundle it would be wise to map the 

visual field carefully. A discovery of a hemianopic effect would support the diag- 

nosis of a right temporosphenoidal abscess.” However, there was no such evidence 

Dr. J. Ramsay Hunt: Was there any increase in vascular tension in the 

first case, that of nephritis ? 

Dr. KENNEDY: I am sorry that I do not know 

Dr. SAMUEL Brock: If one wants to differentiate cerebral abscess trom 

cases of this so-called hypertensive meningitis (Aboulker), one may say that the 

evolution of symptoms in this syndrome is much faster; that the headache is usually 
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more severe than in cerebral abscess (although in this case there was little or 

no headache); that the papilledema is much more intense in this syndrome, and 

that the temperature range is much higher in this type of case. Furthermore, 

the general condition of the patient is good, the mentality being alert. The cerebro- 
spinal fluid pressure in these cases is very high, with no other abnormal findings 

in the spinal fluid. Strangely enough, there is very little evidence of any meningeal 

irritation, such as cervical rigidity, etc. It might be mentioned that the treatment 
for this condition is repeated spinal puncture. Occasionally, ventricular puncture 

is necessary. With such therapy the patients recover, just as did Dr. Kennedy’s 

patient. The points cited are well covered by Symonds (Otitic Hydrocephalus, 
Brain §4:55, 1931). 

THE ACTION OF BULBOCAPNINE IN ANIMALS WITH VARIOUS EXPERIMENTAL 

LESIONS OF THE NERVOUS SysTEM. Dr. A. FERRARO and Dr. S. E. 
BARRERA. 

When injected into animals, bulbocapnine, an alkaloid obtained from Corydalis 

cava, has been found to produce a condition of catalepsy. This is characterized 

by two main elements,'a loss of motor initiative and a preservation of passively 

impressed attitudes. Besides these, other phenomena can be observed in animals, 

as, for instance, the occurrence of negativism, hyperkinesias, vegetative disturbances, 
etc., depending to a great extent on the dosage. The effects of the drug on various 

animals (from those low in the scale without a neocortex to mammals having a 

better developed pallium) have led two of the main investigators, de Jong and 

Baruk, to these two important conclusions: 1. When it is injected into animals, 

especially mammals, bulbocapnine produces a clinical picture identical with catatonia 
in man. 2. The presence of the neocortex is essential for the occurrence of this 
experimental catatonia. Likewise, Schaltenbrand concluded that the motor cortex 

is essential for the production of catalepsy from a study of the effects of bulbocap- 
nine in the acute state of cats operated on. 

In order to substantiate the conclusions of de Jong and Baruk, and to extend 

observations to monkeys in both the acute and chronic stages and to cats in the 

chronic stages, we performed a large series of experiments in cats and monkeys, 
including the injection of bulbocapnine into normal animals and the injection of 

the same drug in similar doses into animals with various experimental lesions, 

as follows: removal of one motor area; removal of both motor areas; removal 

of the occipital area; removal of one or both cortical hemispheres; lesion of one 

or both sets of basal ganglia; removal of one and both hemispheres down to 
the thalamus; mesencephalopontile lesions; removal of the cerebellum; hemisection 

of the cervical cord; unilateral section of dorsal and ventral roots; bilateral 

superior cervical ganglionectomy combined with bilateral stellate and bilateral 

lumbosacral sympathectomy. 

As a result of this investigation we conclude that cataleptic manifestations 

occur, not only in normal animals, but also in animals following the removal 

of the entire cortex and the basal ganglia on both sides, proving, therefore, that 

the presence of the cortex is not essential to the production of bulbocapnine 

catalepsy. The cataleptic manifestations in decorticated and thalamic animals occur 

not only in the so-called chronic stages, but also in the acute stages following 

operation. This differs from the reports of Schaltenbrand and Krause, who 

maintain that in the acute stage of the experiment catalepsy is not reproducible. 
We also contest de Jong and Baruk’s conclusions that experimental catalepsy in 

animals is identical with human catatonia, because of the very important fact that 

only one component of catatonia may be experimentally reproduced, that is, the 

motor component. We speak of the psychomotor component of catalepsy, as 

Baruk and de Jong do, because of the appearance of catalepsy in the absence 

t the cortex. 

However, the fact remains that a very important conclusion is reached from 

ie psychiatric standpoint. This consists in the experimental reproduction of +1 
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catalepsy by means of toxic agents. The fact that these toxic manifestations 

may be experimentally reproduced in the absence of the cortex is an argument 

in favor of the toxic origin of at least some of the manitestations of mental 
disease which often have been considered as psychogenic in nature. Our investiga- 

tion constitutes a stimulus for turther studies in the organic approach to mental 

diseases. 

DISCUSSION 

Dr. H. A. RILey It was interesting to me that bulbocapnine disturbances 

had been sublimated into the actual psychic sphere. I had always considered the 

bulbocapnine phenomenon as more or less a purely motor manifestation, and when 
it is definitely compared to the situation in catatonia and catalepsy 1 a supposedly 

psychotic person, it implies a much more extensive connotation than it does on 

the more simple basis. The picture of the monkey under the influence of bulbo- 

capnine did not appear to me like the picture seen in catatonia, although I have 
not had a very extensive experience with catatonic patients. As the monkey faced 

the camera, the eyes were actively moving; the lids were closing, and there was 

an actual look of intelligence in the animal's eyes, which seems to me to be rather 
foreign to the reaction of the psychotic patient in catatonia or catalepsy. I should 

feel very much better satisfied if | had seen some of the pictures of these animals 

after the operation, but before the administration of bulbocapnine. Dr. Ferraro 

did not say very much about the contrast in activity tollowing these extensive 
operations, that is, the basic activity of the animal, and that later modified by the 

injection of bulbocapnine. This is the main question that is raised in my mind 

How different was the activity of these thalamicstriatal animals before and after 

bulbocapnine It is difficult to reconcile the very divergent results of two com 
petent obse rvers, such as Drs Ferraro and cle I ng, and | Imagine that only 

frequent repetition of this sort of investigation will result in a definite under- 

standing of the situation 

Dr. L. S. ARONSON I wish to ask Dr. Ferraro what his experiences were 

with these bulbocapninized animals. There are at least three points that were not 

brought out in his paper, which he may have omitted purposely. One is whether 

bulbocapnine is a drug affecting only the motor system. I noticed that one ot 

the cats had a very definite sensory disturbance, in that the response to needle 

prick was quite quick, whereas the response to deep pressure on the tendons was 

practically nil. While I observed all these rigidities with lack of change in posture, 

there was a noticeable psychic element in these its—a snapping, growling 
fighting attitude when you approached then Handicapped as they were by their 

muscular rigidity, they presented a certain amount of combativeness. Though the 

hung on a chair, or two chairs that were gradually separated to the maximun 

nevertheless, on approaching the cat, a hissing, snapping or spitting responst 

was elicited. Lastly, | wish to know whether there was not occasionally another 

element, that is, a selective action on the optic nerve. Two of these cats, one 

small kitten, were evidently blinded, because they walked right up to a box and 

would stay there with their eves wide open and not move away from the object 

for an hour or even longer. They were not disturbed by the flashlight. I had 
no means of knowing whether ophthalmoscopic examination revealed anything in 

comparison with the other cats. I wish to ask whether bulbocapnine affects other 

parts of the nervous system, or especially the optic nerve and the sensory pathways: 

Dr. S. E. JeEvvirri Regarding the pharmacology of bulbocapnine, it ts 

supposed to be very closely related to an isomer of apomorphine. Corydalis belongs 

to the poppy family and bulbocapnine to the morphine group. So we are dealing 

with a drug that poisons the entire body It is not limited to any one type ot 
structure. It is unnecessary, though it is interesting, of course, to learn that 

catalepsy is not a situation due to cortical loss. Yet insects show primitive cata- 

leptic motor attitudes and they have no cortex Birds, rabbits, frogs, turtles, 

hens and other lower forms all show similar phenomena, and we know that in 
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them the neocortex amounts to little. In other words, these poisoned animals have 

been reduced to spinal or even peripheral muscle animals. They have been reduced 
to the last extreme of hypervigilance, using Head's illuminating conception. They 

are like some of Mr. Bellows’ engravings of boxers, fighters, etc., just waiting, 
vigilant as they can be, hanging onto their last remaining breath that there may 

be some preservation of their life. We do not have to be told how frequently 
catalepsy is used as a defense mechanism. We know how many lower animals 

show similar phenomena in the presence of dangerous enemies. The unconscious 

wisdom. of the entire body — instinctive defense if you will—shows itself, as 

when a predatory animal comes near a nesting duck, for instance. 

Then I was very much interested in another remark, which I previously put 

a more or less syllogistic form \s I recall the syllogism, it runs like this: n 
Julbocapnine will produce catatonia. Bulbocapnine is a poison. Ergo, catatonia 

i 

is due to a poison. It strikes me that that is fundamentally false logic, whether 
one is dealing with bulbocapnine, choline, morphine, mescaline or any other poison. 

I need not go into a long disquisition on the differences between catatonia in the 
being as a disease concept (Hecker to Bleuler) and that in animals. It 

strikes me that the logic of the situation as just expressed is totally upset by a 
human 

simple experiment. Many of you have seen it tried, and many of you have see 
moving pictures of it. Give a profoundly catatonic patient another poison, sodium 

amytal, for instance, and he will be rendered perfectly normal for the time being. 

Claude did it first with ether. In other words, a symptom produced by a poison 

is cured by another poison. Catatonia in man is a hypervigilant situation. It is 
largely a defense mechanism in which the person is operating on the positive side 

(Hughlings Jackson) in response to uninhibited incoming stimuli. The poison 

does not per se produce the motor attitude; it prevents its inhibition or repression, 

and elemental motor attitudes appear. What the negative side may be, I am not 

prepared to say, but it seems to me that the problem will never be solved along 
this so-called experimental organic side, no matter how interesting and important 

it may be from other angles. Of course, evervbody knows that to have any 
activity of the human body an organ must be used, and that the absolute dis- 

tinction between organic and functional is a left-over of the scholastic separation 
of body and soul nonsense begun by Plato. Even “Casey” knows that you need 

a bat to hit the ball, and so in order to have any symptom organs are needed 
The approach from the negative side is of interest, and it is of great significance 

ind importance; I thoroughly agree with Dr. Ferraro that de Jong’s and Baruk’s 

investigations are filled with errors, not of observation or of description, but of 

interpretation. From 1921 onward, I have been fortunate in seeing de Jong’s 

animals since he began his experiments, and I have followed his most valuable 

experiments with great interest and sympathy ; however, | am convinced that these 

investigators have not considered the Jackson conceptions trom their interpretative 

side. Surely, hypnosis can bring about a cataleptic or a catatonic motor attitude, 
and certainly hypnosis does not operate through “poisoning.” 

Dr. Josuua ROseT1 The moving pictures of Dr. Ferraro’s experiments show 

a remarkably complete catatonic and cataleptic state produced in monkeys by bulbo- 

capnine. Yet one can hardly help being puzzled by his conclusion that the cerebral 

cortex and the corpus striatum are not necessary to the production of catalepsy 

and catatonia in animals. ‘Thus stated, the matter appears to me to have been 

put far too mildly, for the following reasons: The three outstanding features of 

the decerebrate state are catalepsy, catatonia and plast« features. With reference 

to the cataleptic state of animals deprived of the cerebrum, Sherrington pictures 

them as appearing to be mildly asleep. The muscular rigidity is peculiar in that 

postures imposed on the animal tend to be maintained; that is to say, when a joint, 

for example, is passively flexed, the flexion is maintained for a much longer period 
of time than in a normal animal. The hundreds, perhaps thousands, of experi- 

ments reported by a large number of investigators agree on these three salient 

features of the decerebrate state. The effect of the administration of bulbocapnine 
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is to poison the cerebrum and thus to produce a result that is practically equivalent 

to removing the animal’s cerebrum. Dr. Ferraro’s experiments with the drug in 

question clearly demonstrate the latter fact. His conclusion, therefore, that the 

cortex and the striatum are not necessary to the production of catalepsy, catatonia 

and plastic tonus, is practically equivalent to a statement that the cerebrum is 
not necessary to the production of the decerebrate state, a statement which, to 
say the least, is rather puzzling. 

Dr. J. R. Hunt: The papers of the evening in the field of experimental 
neurology present several fundamental problems for discussion, among them 

the question of the dual nature of the efferent nervous system, a conception that 

I formulated over a decade ago (The Static and Kinetic Systems of Motility, 
ArcH. Neurot. & Psycuiat. 4:353 [Oct.] 1920). 

According to this view, the whole efferent system is dual in nature. One com- 
ponent is kinetic and related to movement; the other is static and related to postural 

tone and posture — both working together harmoniously in the interest of motility. 
In this respect the efferent system resembles the afferent, which is composed of 

more than one component subserving the different modalities of sensation. The 

kinetic system is represented by the corticospinal (pyramidal tracts) and striospinal 

systems (extrapyramidal tracts), and the static system by the corticocerebellar 

and cerebellospinal systems. The chief ganglionic structure of the static system 

is the cerebellum; hence the importance of these experimental studies to the 
dual theory. 

The neuromuscular representations of the efferent system are still under investi- 

gation; the kinetic system is represented by the somatic innervation of the striated 

muscle fiber (sarcostyles), and there is some evidence that the static system is 

represented by the sympathetic innervation of the striated muscle fiber (sarcoplasm). 

I think that the investigations with bulbocapnine intoxication touch on this question 

of neuromuscular innervation very closely. I agree with the other speakers that 

the evidence is much more in favor of this phenomenon being a muscular or neuro- 

muscular manifestation than one of the central nervous system and this view 

finds support in Dr. Ferraro’s experiments. It is possible that this drug may have 
an influence on the sarcoplasm and its sympathetic innervation be analogous to the 
effect of strychnine on the somatic component. 

Dr. J. H. Lerner: Following the work of Schaltenbrand and de Jong, and 

later a personal conversation with Schaltenbrand, Dr. Kaufman and I began an 

investigation in the use of bulbocapnine as a therapeutic measure in all nervous 
diseases manifesting states of hyperkinesis, i. e., parkinsonism either of the arterio- 

sclerotic type or the inflammatory (epidemic encephalitic) variety, dystonia muscu- 

lorum deformans, degenerative choreas (Huntington), multiple sclerosis, etc. The 

graphic part of this work has been published in the ARCHIVES; the cinematographic 

part will follow shortly. 

Last summer, I spent an interesting day in the laboratory of Dr. Ferarro to 

view his material and correlate if possible the phenomena in his animals with those 

arising in the human being following the administration of bulbocapnine. I will 

say that both the cataleptic and catatonic states in the animal can be duplicated 

in the human being if sufficient bulbocapnine is administered, particularly in the 

parkinsonism of epidemic encephalitis. The study and control of tremors interest 

me, particularly the discussion and known views of Dr. Hunt relative to cerebellar 

tremors. ‘Today a cinematographic study was made in a case of parkinsonism 

of the inflammatory type. The patient showed a mixed tremor of an apparent 

striatal variety involving the lower jaw and an intention tremor of cerebellar 

origin. The typical coarsely rhythmic tremor and one of constant amplitude was 

easily controlled by bulbocapnine, with catatonic-like facial display. The cerebellar 

tremor was more difficult to control, ii at all, by therapeutic doses. I expect to 
show these cinematographic studies shortly. Dr. Ferraro showed that the action 

of bulbocapnine can exist despite the removal of most of the cerebral structures, 
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or as Dr. Rosett stated, it can persist after decerebration as well, which also 

leads me to think that the drug may possibly act on the sarcoplastic portion of 

the crossed striated muscle fiber through the nonmedullated system of paleostriatal 

origin. 

Dr. FERRARO: In reply to Dr. Riley, unfortunately the time allowed made it 

impossible to show animals after the various operative procedures but before the 
administration of bulbocapnine. We can assure him, however, that there was a 

striking contrast in the behavior of the animal before and after the administration 

of bulbocapnine, and that the animals, especially the ones with chronic disease, 

were extremely active and lively, most of them having compensated for their 
neurologic defect. 

In reply to Dr. Aronson, we have observed all the psychic manifestations in 

cats, the fighting, spitting, hissing types of reaction, but these occurred with higher 

doses than those used to produce pure cataleptic manifestations. We have also 

found the disturbances in sensibility that Dr. Aronson mentioned, but they were 

more of protopathic than of epicritic type, which fact might make us think that 

the thalamus and eventually the peripheral receptors may play a part in these dis- 

turbances. Our attention has not been called to any conditions affecting the optic 

nerve; therefore we have no data on the subject. 

I am puzzled as to how to harmonize the conflicting remarks of Dr. Jelliffe 

and Dr. Rosett, the former affirming that it is well known that the cortex is not 

essential for the appearance of catalepsy and the latter affirming the exact opposite, 
that is, that the cortex is very essential. The contrast between these opinions 
is made more striking when we consider that de Jong and Baruk, as a result 

of the action of bulbocapnine in the animal scale (from those without to those with 

a cortex), concluded that the presence of the cortex is essential for the occurrence 

of bulbocapnine catalepsy. This contrast is still more pronounced when we consider 

Schaltenbrand’s results, viz., that following the removal of the cortex catalepsy 

does not occur, and the results of Krause’s investigation, viz., that catalepsy in 

acute cases is only partial, the active type of catalepsy being absent. 
In view of these conflicting opinions, it was important to make an attempt to 

solve this very important question and we believe that our experimental methods 

of approach, never tried systematically before, were most appropriate ones for 

proving or disproving the importance of various nerve structures in the appearance 

of catalepsy. We must not forget that in their extensive monograph on experi- 

mental catatonia, de Jong and Baruk stressed the two following points: (1) the 

identity of experimental catalepsy with catatonia, and (2) the necessity of a cortical 

action in the production of catalepsy. These two points are refuted by our experi- 
mental work. 

In regard to Dr. Rosett’s remark that catalepsy appears in decerebrate animals, 

we may state that we are dealing with a very acute condition in which not only 

the cortex and the basal ganglia, but the thalamus also, are removed. Besides, 

no catalepsy occurs, but quite an opposite condition of extensor rigidity. 

In our experiments we have investigated also the action of carbon dioxide 

and oxygen on the cataleptic manifestations, and we have found that animals may 

snap out of a cataleptic state just as well as catatonic patients do, especially when 

the exposure of the animal to carbon dioxide is protracted. 

It is logical, as Dr. Hunt maintains, that bulbocapnine might act on the 

sarcoplasm of muscular fibers, and we all agree with Dr. Jelliffe’s remark that 

bulbocapnine poisons the entire body, the muscular tissue included. 

We are sorry that we have made no observations on the therapeutic mani- 

festations of bulbocapnine, and cannot therefore answer Dr. Leiner. 

THe RELATION OF THE NEOCEREBELLUM TO THE Motor CorRTEX An ExXPERI- 

MENTAL ANALYSIS ON CaTs AND Monkeys. Dr. J. F. FuLTon. 

This paper will appear in full in a later issue of the ARCHIVES 
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irradiation 

Pwo Brain Tumors. Dr. YETTA SCHEFTE! 

CAsE |] \ white man, aged 45, a carpenter, married, in May, 1929, noticed 

large cervical lymph gland on the right side of the neck. Under 

with roentgen rays for two months the gland became smaller rhe 

complained Ot pain over the right side of the tace and of headache 

ptosis of 

There was a history of rheumatism for ten years At the age of 

the right eyelid, double vision and poor vision 

had sustained a severe blow on the right side of the hea 

unconscious. He claimed that partial ptosis of the right eye had 

since birth, and that his mother and grandmother also had had ptosis 

died of sarcoma 

In April, 1930, the patient was transterred trom the 
1 

medicine at the Central Free Dispensary to the ocular service of the 

Hospital. He then had proptosis ot the right eye, 
muscles on that side, 

paralysis of the 

headaches. One month later, he was readmitted to the 

1! Dr Bassoe’s service. He omplained ol blindness, intense head 

ike pains all over the body, chills, sweating, numbness and tingling, | 

ears, impaired hearing in the right ear and nocturia 

Physical examination revealed 

atrophy on the right and papilledema on the lett; slight nystagm 

eve; ptosis ot the right lid, and bilateral enlargement of the cervica 
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On cross-section the tumor was seen to have replaced the entire temporal lobe, 

bliterating the sylvian fissure and compressing the right lateral ventricle. The 
eft lateral ventricle was of normal size. The centrum ovale was also compressed 

the right The basal ganglia on this side showed softening. The cortical 

markings on the rest of the brain appeared normal. 

Histologically, the tumor was an epithelioid carcinoma, an extension from the 

nasopharynx. There were irregular masses, alveoli, of epithelial cells, varying 

n shape and size. Between these large columns of cells was a _ pink-staining 

stroma. Tumor tissue had infiltrated the optic nerve and chiasma, and also one 
\long the right side of the brain stem could be seen 

finger-like projections of tumor tissue infiltrating the brain tissue. Tumor cells 

the cranial nerves 

appeared in the larger vessels especially along the longitudinal fissure. 

The pons and medulla were intact. 

CaAsE 2 \ widow, aged 53, was seen by Dr. Peter Bassoe on Jan. 6, 1929. 

She had no children, but gave a history of one miscarriage. During the last twelve 

ears her weight had increased from 128 to 250 pounds (from 58.1 to 113.3 Kg.). 

She had complained of severe occipital headaches, nausea and vomiting since about 

1925; drowsiness, dulness, poor memory and confusion had been present at times 

or two years. She was sometimes hard to arouse, and often had involuntary 

nicturition and difficulty in swallowing. The menopause occurred when she was 

bout 48 (1924) 

Physical examination revealed: bilateral choked disk; pupils equal and sluggish 

to light; left plantar reflex normal; Oppenheim sign positive on the right; 

Babinski sign doubtful on the right; right ankle reflex normal, left absent; 
bdominal reflexes absent; arm reflexes present, and some ataxia. 

Laboratory tests showed that the blood pressure was 120 systolic and 100 

oli (he basal metabolic rate was normal. The blood sugar was 90, the 

ium, 9%) mg. per hundred cubic centimeters. The spinal fluid pressure was 

14 cells. The Wassermann reaction of the spinal fluid was weakly positive. 

Vassermann and Kahn reactions of the blood were negative. 

clinical diagnosis was tumor in or near the sella turcica. Operation was 

ised but retused 

he patient gradually became more dull and stupid, lost weight to the point 

emaciation and remained in bed for several months. She died on Oct. 1, 1929. 
Necropsy revealed that the brain was edematous. The dura was glistening 
normal, except for one hemorrhagic area. This part had a fine membrane on 

e€ inner surtace Phe convex surface of the brain was asymmetrical; the left 

emisphere was flattened There was bulging over the parieto-occipital region on 

the It sicie The distance ver the | irietal region, from the midline to the edge, 

5 1 n the left and 6.8 cm. on the right side The anterior portion of 

t eS Was fT d and tened 

he tumor, weighing 600) Gn ind encapsulated, was located on the basal 

e, covering the leit frontal lobe and compressing it. It extended over the 

e, compressing part of the right frontal lobe The tumor was hard, nodular, 

nd and grav, and measured 5 bv 5.2 cm. in diameter. One removal of the 

| | urtac left, and the anterior edges ot the frontal lobes were 

ned The cut suriace f the tumor showed near the center a tew calcified 

. he cerebellum w nchanged 

Cross sections of the brain nearest the tumor showed softening more on the 

t than on the right side he asymmetry was noted on the cut surfaces The 

tt r were ot dist ded 

Microscopically, the tumor was an endothelioma, meningioma or fibroblastoma. 

vhorls and calcified areas were typical No other pathologic change was 

in the brain or brain stem, except necrosis of the tissue of the frontal lobe 
the ti 1 

EI is bot! the patients whose brains have been 
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trated bv Dr. Scheitel In the first case it was interesting that. although | 
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we suspected a primary nasopharyngeal tumor, it was several months before 

rhinologists were able to ascertain by examination that such a tumor was present. 

I saw the second patient in consultation in the country and suspected a tumor 
in or near the sella turcica. After the patient’s death, six months later, I received 

the brain, but the hypophysis had not been removed or even looked for when the 
brain was removed. When I saw the patient I advised that she should be 
brought to the city and be seen by a brain surgeon, but this advice was not taken, 
and the patient gradually failed mentally and physically 

CARBON MONOXIDE POISONING COMPLICATED BY MULTIPLE NEURITIS AND 
UNILATERAL PARKINSONISM. Dr. ALFRED P. SOLOMON 

Mr. W. O., aged 29, an accountant, was overcome by the exhaust gas from 

an automobile while he was repairing the front tire in a private garage that 

received some ventilation from an open side door and large cracks in the front 
doors. He remained in the garage from 10:00 p. m. on Sept. 26, 1931, until 

6:00 a. m. on September 27. The night was described as being very cold. When 
found he was cyanotic and in a deep coma. He was brought to Jackson Park 

Hospital, where he was under the care of Dr. Clyde E. King. A bullous lesion, 

about the size of a silver dollar, was noted on the left heel. He remained in 

deep coma for three and a half days and in a semistupor for the subsequent week. 

During the latter period he did not speak spontaneously, was a little resistive 
and answered in monosyllables only when exhorted to talk. Spontaneous involun- 

tary movements of the left arm were noted, and examination of the left extremities 
caused him to give evidence of exquisite tenderness, even though he was semi- 

conscious. The patient stated that as soon as he became aware of what was going 

on he was conscious of severe pain in the left hand. He first came under my 
care on November 2. 

His complaints at that time were: excruciating pain and tenderness, numbness, 

tingling, pin and needle sensations and formication involving the anatomic distribu- 
tion of the left ulnar and median nerves. He stated that his left hand felt as 

if it were not his own. The paresthesias extended to the ventral and medial 

surfaces of the left arm. He complained of similar but less involvement in the 

right hand of ulnar distribution alone. The patient was greatly disturbed by 

severe formication and a feeling of numbness on the posterior aspect of the left 

thigh. The left arm and leg felt weak and stiff, and he stated that when he stood 

on the left heel it felt as if the bone were devoid of flesh and were touching 

the floor. 

His past history, habits and family history were not important 

Examination revealed a mild masked facies, rhythmic tremors of the tongue 

and eyelid, profuse salivation and a severe flexion contracture of the left forearm 

and left hand. The left hand showed evidence of hyperemia and was perspiring 

freely. He walked with limitation of movement of the left leg 

Objective sensory examination revealed hypesthesia to touch, pain, heat and 

cold of the ulnar and median distribution of the left hand, and a less marked 

hypesthesia of the medial half of the dorsal and ventral surface of the left forearm. 

There was a similar hypesthesia to all stimuli of the ulnar distribution to the 

right hand. The posterior aspects of the leit thigh revealed anesthesia to all 

stimuli, which when delimited was anatomically the distribution of the posterior 

femoral cutaneous nerve. There was exquisite tenderness to deep pressure (which 

was so severe as to cause the patient to distort his face and cry out in pain) 

over the left hand, the left forearm anteriorly, to a less extent over the left arm, 

and to a greater extent over the posterior aspect of the thigh, particularly the 

anesthetic area, and over the left calf. The Laségue sign was only slightly 

positive. There was cog-wheel rigidity of the left forearm and to a less extent 

of the left leg; a rhythmic tremor was noted in the left upper extremity. E-xamina- 

tion of the deep reflexes revealed the left biceps diminished and the right biceps 

exaggerated. The left triceps was exaggerated, and the right triceps was normally 
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obtainable. The lett radial and ulnar reflexes could not be obtained, and the right 

were easily obtainable. Both knee and achilles reflexes were exaggerated, but 

equal. Motor power of the flexors of the fingers of the left hand and wrist 

seemed slightly weaker than the right, but this could not be carefully estimated 

because of the marked tenderness present. I could not determine evidence of 

motor weakness other than that due to rigidity in the left arm and leg. 

The patient has been under observation at my office since the first examination, 

and has shown improvement of the pallidal and striatal symptoms with the use 
of tincture of stramonium, and some relief from the pain and tenderness with 

analgesics and rest. 

He shows evidence of a rather frequent carbon monoxide poisoning sequel, 

parkinsonism, largely unilateral, and a multiple neuritis with a rather specialized 

distribution. Of interest is the history of exposure to cold at the time of the 

poisoning, a possible correlating etiologic factor, and evidence of neuritis of a 

branch of a nerve directly under a bullous lesion, namely, the tibial supply to 
the left heel 

\ Case or CARBON MONOXIDE POISONING COMPLICATED BY ACUTE ToxICc 

Psycuosis witH CATATONIC FEATURES AND LATER BY PARKINSONISM AND 

SENSORY ApHasta. Dr. ALFRED P. SOLOMON. 

\ housewife, aged 30, married, from the neurologic service of Dr. George W. 

Hall and the medical service of Dr. Joseph L. Miller at St. Luke’s Hospital, 
six days before admission to the hospital was taking a bath in a room in which 

a gas heater was burning. After an unknown period she was found unconscious 

on the floor. The accident happened on the first day that the natural gas mixture 

was used in Chicago, the importance of which is noted because the patient had 
previously used artificial gas without untoward effects. The pulmotor squad gave 

first aid for a half hour. The patient remained semicomatose for three days, and 

on the morning of the fourth day became conscious, so that she took food and 

drink, and recognized her husband. She again became comatose, but on the 

morning of the fifth day she was described as much better. On that afternoon 

the husband described her as being irrational and very irritable. 

The family history, previous medical history and habits were without signifi- 

cance 

On admittance to the hospital the patient was semicomatose, could be aroused, 
seemed to understand simple commands and was very uncooperative and resistive, 

occasionally giving vent to a series of profane expressions which were spoken 

clearly and had their usual intelligible sequence. Once she was observed to have 

had an involuntary bowel movement while going down the corridor nude. On 

the next day, the prolific profanity was replaced by an incoherent, meaningless 
jargon which was without tendency to perseveration or clang association. The 

patient refused to eat, so that nasal tube feeding was resorted to, which was 
resisted violently. Dr. Hall described her as being exceedingly negativistic. She 

would not answer questions and would do the opposite of what she was told. 
On the seventh day after admission, the patient appeared to take some interest 

in her surroundings, became more cooperative and would sometimes answer ques- 

tions with yes or no. It was not until a week later that the nasal feedings could 
be dispensed with. On November 4, Dr. Hall noted that the mental behavior 

was beginning to show the symptomatology of aphasia. 

Neurologic examination on admission revealed: bilateral ptosis, some distention 

of the retinal veins, cog-wheel rigidity of the arms and legs, a positive right 
Hoffmann sign, unobtainable left abdominal reflex, knee jerks present but difficult 

to obtain, easily obtainable achilles’ reflexes, positive Babinski, Gordon and 

Chaddock signs on the right and a suspicion of a Babinski sign on the left. 

The patient screamed loudly when the right leg was handled and seemed to spare 

luntary movements of this extremity 
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Subsequent neurologic examination revealed a more apparent striatal and 
pallidal syndrome, a continuance of the right pyramidal tract signs and more 

definite evidence that there was exquisite tenderness to deep pressure of the left 

arm, right arm and posterior aspect of both thighs and calves. This pain caused 

the patient to scream out even when she was negativistic to other stimuli. Pressure 

on the forearms appeared to cause no pain, and pressure on the anterior surface 

of the thigh did not give the same reaction as on the posterior surface. For 

a week before presentation the patient had been up and about, was very coopera- 
tive and cheerful, conversed with her neighbors on the ward, attempted occupa- 

tional therapy, and was able to take care of all her personal needs. She was still 
a little apprehensive of examinations, and cried readily when pressed for an 

answer. 
The patient has nominal aphasia. When asked to name a given object, she 

invariably answers, “I don't know,” though occasionally she has named an object 

correctly. It has been possible to teach her the correct names of objects. If 

an incorrect name is suggested to her she adopts the suggestion as the correct name 

and will persist in naming it thus, even though the correct name is suggested to 

her later. Usually she does not seem to have insight into the correctness of a 

given name. If a series of articles are offered to her in sequence, she will usually 
name each of them by whatever name she happened to give the first. This per- 

severation stops only when she seems to realize that she is naming the article 
wrong, when she sheds tears and says, “I don't know.” 

She has an acalculia. She cannot add simple figures and cannot count objects 

correctly. If asked what 2 + 2 is, she may give as an answer an incorrect sum, 

“T don’t know” or “2 + 2 are 2 + 2.” She counted in the abstract, at a command, 
from 1 to 20. 

Finger agnosia was apparent for both her own fingers and toes and the 

examiner's fingers. She correctly named the ring finger of her left hand because 

of a wedding ring on that finger. She can point to her eyes, nose and mouth at 

command. 

She cannot distinguish between right and left, although she seems to under- 

stand what is wanted. 

She cannot write either script or printed letters. At a command to write a 
word, she wrote the letter S, but could do no more than make encircling marks 

around this letter. She was told to copy a printed word, but was able to make 
only the first letter which was pointed in the mirror image direction and down- 

ward. She was able to read the first two words of a newspaper headline, but could 

read no further, repeating the first two words for subsequent words or saying, 

“I don’t know.” 

The patient has an apparent amnesia for past events and poor memory for 
the present. She appears to be oriented for time, place and environment, but 

cannot so express herself. 

This patient presents as a complication of carbon monoxide poisoning an acute 
toxic psychosis, with catatonic features, parkinsonism, pyramidal tract disease, 

multiple neuritis and sensory aphasia, illustrated by acalculia, finger agnosia and 

an inability to distinguish between right and left 

DISCUSSION 

Dr. Victor E. Gonna: I have examined these patients for the presence of 

a sign similar to that found in many cases of postencephalitic parkinsonism, 

reported previously by certain European observers (Sarbo and others). This 

sign, a rapid flutter of the closed eyelids of an unusually large amplitude, is 
present in the cases presented by Dr. Solomon 

ENCEPHALITIS DISSEMINATA: CLINICAL AND ANATOMIC REPORT OF A CASE 

WITH FEATURES AKIN TO MULTIPLE SCLEROSIS AND DIFFUSE SCLEROSIS. 

Dr. James C. and Dr. Ricuarp RicnteR (by invitation). 

This paper will be published in full in a later issue 



Book Reviews 

Studies in Psycho-Expedition. By F. Schneersohn. Translated by Herman 
Frank. Price, $3.50. Pp. 222. New York: Nicholas L. Brown, 1929. 

Ordinary psychology, concerning itself with abstractions and generalizations, 

not only has failed to bring happiness to man, but has not even succeeded in giving 

adequate explanations of personality and behavior. These defects the author 

proposes to remedy. His first chapter (entitled, “The Road to the Science of 

Man”) views with alarm the one-sidedness of the theories of psychology and the 

schools of psychotherapy. He points out that none of the standard psychologic 

hypotheses finds a proper place for the neurotic person who, being neither sick 
nor well, occupies a position of undeserved uncertainty. In spite of the handicap 

of the illness, many neurotic persons have been pioneers in thought and action, 

and it is — Schneersohn believes — precisely this “nervousness” that enables these 

persons to plumb extraordinary depths of human emotion and to become spiritual 

leaders. To understand these people, one may view the problem either scientifically 

or intuitively. The former, in spite of its boasted rationality of method, is 

impracticable, for it views the individual by a single light only. It is the intuitive 

approach which, by virtue of its freedom and imagination, will be at once more 

profound and more useful. The scientific technic represents, as it were, a photo- 

graph; the intuitive, a painting. The photograph is objectively more accurate, but 

the painting more genuinely reflects the spiritual essence of the scene. In psycho- 

therapy, it is only this “Science of Man” which, like the painting, grasps the 
spiritual totality of the problem. It is a process that requires a direct expedition 

into the soul and a discovery of the more remote phenomena of life, a procedure 

that gives it its name — psycho-expedition. 

In a manner too vague and too allegoric for practical use, Schneersohn describes 

his method of psychic investigation. Information about the basic drives of the 

patient may be obtained from such sources as: simple autobiography, investigation 

of holiday and spare-time activities, free imaginative recollection of events long 

since passed and analysis of outbursts of temper or joy. Persons who find living 

an insipid process are suffering from what the author chooses to call “psychic 

scurvy.” Just as a diet may be so one-sided as to result in a deficiency disease, 
so psychic life may be so lacking in significant stimulating influences that the 

patient finds the routine of life an uneasy and unhappy one. This deficiency in 

vital interest (after the pattern of clinical medicine) is termed “psychic scurvy.” 
That this is, in a sense, but a restatement of the obvious, Schneersohn admits; 

but, he insists, we need courage to be simple, and vision to adhere to the obvious. 

The energetic, extroverted person is renamed a “spherical personality.” The 

intensity of interest in life manifested by such a person is measured inversely 

by a “spherical quotient”; that is, the extroverted man to whom life seems tedious 

has a high spherical quotient. Escape from such tedium takes the form of regres- 

sion to a deeper mode of psychic existence. Three such modes are presumed to 

exist: (1) normal, (2) intimate and (3) primitive. The normal represents ordinary 
consciousness and is exemplified by daily rational activities. The intimate mode is 

associated with emotional urge and with a tightening of affective tension. Religious 

prophecy and artistic inspiration represent activities of this intimate sphere. The 

primitive mode is the deepest substratum of psychic life as evidenced by dreams, 

hypnosis or mental disease. In a civilized community, for example, cannibalism 

may be practiced in an emergency —an instance of the upward thrust of the 

primitive mode. The clinical value of this classification is in the understanding of 
certain neurotic practices. When life does not afford enough of interest to allow 

intimate modes free play, the patient falls back into the activities of the primitive 
sphere. Nervousness and suicide may be understood as such rebellions against 

the tedium of life; debauchery as a reaction against the emptiness of daily vital 

activities. 
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In the chapter carrying the bizarre title “Psychical Man Therapy and Man 

Hygiene,’ the author outlines a plan of healing by methodical restitution of 
equilibrium between psychic longings and actual ways of living. Among the 

methods are: change in the curriculum of life, discovery of the real psychic urges 
and courage enough to make such modifications of living routine as are needed 
to satisfy these urges. 

In his foreword to the book, John Dewey praises Schneersohn’s attempt at 
integration rather than analysis; he expresses approval of the author’s emphasis 

on the artistic or intuitive point of view. Adolf Meyer, in a second foreword, 

suggests that this artisticness of outlook is a desirable counterbalance to present- 

day mechanistic philosophy. Meyer also likes the author’s stress on deficiency 
rather than inferiority as a basis for psychoneurotic manifestations. 

The book, on the whole, seems to be but a mystical elaboration of some of 
the well known facts of every-day psychotherapy. 

Amusie. By Erich Feuchtwanger. Price, 26 marks. Pp. 292. Berlin: Julius 
Springer, 1930. 

This monograph covers thoroughly the subject of amusia. It begins with a 

report of two cases, one of predominant sensory amusia, the other of expressive 

amusia. Feuchtwanger is careful to separate from his subject the paramusias that 

occur as a result of middle or inner ear diseases. He discusses adequately the 

central anakusias or hearing disturbances that are due to injury of both temporal 
lobes in the region of Heschl’s convolutions, or to the fiber systems connected with 

them. Partial anakusias are possible, just as it is possible to get partial 

hemianopias from disturbances of the visual sphere. Feuchtwanger draws a strict 

line between the central auditory disturbances and the acoustic-gnostic disturbances 

of a musical sort. He discusses fully the question of sensory amusia. In his 

discussion of this subject, he draws an essential distinction between the acoustic 

sensory sphere and the acoustic formative sphere. The one has to do with the 

differentiation of noises, tone and the like, as to intensity and quality, while the 

other has to do with the organization of music into melody, and its organization 

into rhythm and tempo. It is a mnestic function. Disturbances of this function 
may be manifested by: (1) disturbance in acoustic perception, an inability to 

recognize the organization of the musical picture in the presence of an intact 

sensory structure; (2) disturbances in form and structure in the formation of a 

musical score; (3) disturbances in tonal structure, as in an inability to arrange 
musical structure or the tonal system, and disturbances in transposition; (4) 

disturbances in rhythm, both with and without loss of appreciation of tact and 

tempo, and (5) disturbances of musical memory in the narrow sense. 

The expressive or motor amusias are divided roughly into two groups: (1) the 

constructive-musical agnosias, in which there is inability to form musical pictures 

by any means, with the presence of an intact sensory sphere, and (2) the 

expressive-musical disturbances of a dyspraxic nature. This is really only one 

expression of an outfall in the sensory sphere or of an apraxia. 

Feuchtwanger discusses thoroughly the question of amusia and speech. He 
comes to the conclusion that it is not possible to postulate a separate localization 

for speech and music in the sensory area of the auditory field in the cortex. He 

states further that in the cases of pure sensory aphasia that have been reported, 
in which music has been investigated, there is no case that proves the separation 

of music and speech. In the majority of cases of aphasia there are disturbances of 

music in addition to those of speech. In cases in which there is no amusia the 

speech trouble is more likely to be in the understanding of the significance of 

speech rather than in the appreciation of speech sound. 

The monograph is a thorough and complete study and an important contribution 

to the whole subject of amusia. It is an indispensable volume for those who are 

interested in aphasia and speech disorders of any sort. It can be recommended 

highly. 
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Theodor Meynert und seine Zeit. By Dora Stockert-Meynert. Price, 5.30 

marks. Pp. 297. Leipzig: QOsterreichischer Bundesverlag, 1930. 

In this book the daughter of Theodor Meynert gives her reminiscences of her 

parents and the social and university setting in which they moved. The result is 

not so much an account of the medical and scientific work of the period as a story 

of a young girl’s growing up in the home and times of Theodor Meynert. The 

memories of the personalities and events of the garden of the asylum, and later 
of the private home of the family, the contacts and anecdotes of the more humble 
and the more illustrious members of the home and university, and of the artistic, 
literary and cultural Vienna of the late seventies and eighties up to 1892 are 

offered as they figured in the reminiscing of an interested and observant daughter 

of a man prominent in the intellectual life of the time. Here and there, in the 

midst of reminiscences of a general nature, some items of significance in the 

personal life of well known personages give material illustrations of the medical 

life of the day—Mevnert’s laboratory and contacts, Rokitansky, and the Viennese 

school of physicians and teachers. Of special interest is the correspondence, 
especially the correspondence between Meynert and Billroth in their last days. 

\n index of the personages facilitates a reference to the characterizations, side- 
lights and events which in the text appear as incidents, and more as supplements 

a diary or life-history of the charming authoress than as a systematic account 
if a historian. Here and there an incident in the medical history of noted men 

comes up—such as the fact that Meynert was offered the Zurich chair of 

psychiatry before Forel was selected, and many incidents of congresses, etc. As a 

simple and intimate account of the events of those interesting days the book will 

evive many memories in those who knew the Vienna of the period, and here and 

here it will clear up human relationships hardly otherwise recorded. Taken in 

the spirit in which it is written, the book makes one feel grateful for the 

preservation of the many impressions of a nonprofessional but culturally stimu- 

lating and provocative personality. Meynert was indeed the central figure of a 

remarkable epoch of psychiatry which forms a striking background for the later 

developments of the Vienna schools—for Vienna, like most European centers, was 

and is much more than a one-man center. 

Sex in Marriage. By Ernest R. Groves and Dr. Gladys Hoagland Groves. 

Price, $3. Pp. 248. New York: The Macaulay Company, 1931. 

“Sex in Marriage” is a book that is well written and well considered; it 
represents, obviously, a wide and intimate experience concerning the successful 

as well as the unsuccessful connubial life, and gives a sensible conception of 

marriage and what leads up to it. It steers clear of the exalted vocabulary that 

makes a cult largely of sex stimulation and of an obligatory sex perfectionism 

and ars amatoria. On the other hand, it pays much attention to frequently 

neglected misunderstandings. Yet it seems regrettable that in these days it still 

should be impracticable to offer in one book the good sense and the good practice 

also on matters that remain under legal tabu. The burning question after all is 

that of conception, and of the sex urge with and without procreative urge. To 

the reviewer's knowledge, the balancing of sex urge and safety and the pre- 
occupations connected with contraceptive matters lead to far more hazards of 

misunderstandings and complications than any other factor of trouble. Another 

issue might be that of flirtation and sex arousals apt to disturb the sense of 
unquestioned affection and “belonging.” 

The book deserves an index. After all, however attentive and thorough one’s 
reading may be, still one often feels that one would like to refer again to certain 

topics if only there were at hand a serviceable index to guide to the relevant 

passages, 

The authors are rendering a real service to the American public through their 

readable presentation of the fruit of their studies. They contribute a great deal 

toward a sense of the practicability of giving marriage advice, which is not a>» 
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yet safe when left to the average physician, who has neither the time nor the 
actual experience with social problems, and especially if he has not a keen sense 
of the need of going into very individual and specific detail without which one 
often stirs up more than one helps. 

This book, together with the other pertinent writings of the authors, deserves 
a wide circle of readers. 

The Mind at Mischief: Tricks and Deceptions of the Subconscious and 

How to Cope with Them. By William S. Sadler. With Introductions 
by Robert H. Gault and Meyer Solomon. Pp. 400. New York: Funk & 
Wagnalls Company, 1929. 

In his preface the author asserts that a number of excellent books have been 

helpful to the layman in his effort to understand himself psychologically, and that 
there is an abundant literature on the psychoses for the professional reader; “but 

practically nothing has been written on those cases of abnormal psychology which 

occupy a middle ground between these two groups.” It is this gap that the author 
has endeavored to fill in this volume, which he will place “in the hands of a 
patient —or of his friends.” The book itself shows the consequences of such 

an effort; it is neither scientific nor suitable for a layman. One can see little 

of value, for instance, in such statements as a claim for direct opposition to the 
“teachings of Freud,” in that Sadler finds “one may not only suppress sex thoughts 

which interfere with the religious ideals, but one may also come to the place where 

he suppresses religious conviction so as to give more free expression to sex 

emotions.” The book teems with such remarks, often illustrated by superficial 

analyses of case histories. While there are some clear expositions of emotional 
conflicts and mechanisms, the book cannot be recommended as filling satisfactorily 
any particular need. 

A Doctor of the 1870’s and 80’s. By William Allen Pusey. Price, $3. Pp. 153. 
Springfield, Ill.: Charles C. Thomas, 1932. 

So well has the author described the professional life of his father, Dr. Robert 
B. Pusey, of Elizabethtown, Ky., between the years 1870 and 1889, that the 

reader becomes at once envious and wishes that the modern encumbrances of 

practice such as the telephone, office buildings and the automobile had never been 

invented. The general practitioner in those halcyon days practiced more or less 

at his leisure, although it at once must be admitted that it was a hard life. How 

pleasant it must have been to saddle your particular pet horse or a horse and 

buggy and to enjoy the scenery instead of having to be careful of the automobile 

mortality rate. There is much more fun in taking pride in your stable and your 

buggy than in the type of car that you are driving. Moreover, from the practical 
standpoint more income was to be made then than now, for the charges for 

services, strange as it may seem, were not any smaller than they are now. For 

example, a visit in town or an office call was a dollar and upward; consultation, 

from $5 to $25, usually $10. His income from 1870 to 1886 averaged $5,200 a 

year. As the author well states, this is equivalent to about two and a half times 

that sum at the present time in the same kind of small town. 

One of the interesting things that the depression has shown is that of all the 
professions, from the income standpoint, the medical profession is more fool proof 
than most, certainly more than those of law, architecture and the various trades, 

and of the medical profession perhaps the general practitioner has suffered less 
than the specialist. In fact, the depression has shown that the sick can do without 

physicians to an astonishing degree without suffering very much from this 

deprivation. 

Experimental Social Psychology. By Gardner Murphy and Lois Barclay 

Murphy. Price, $3.50. Pp. 709. New York: Harper & Brothers, 1931. 

The purpose of this book is to show what the experimental approach to the 

understanding of social behavior of human beings has yielded and what it may 
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rightfully be expected to yield. There is no doubt that the authors have fully 

accomplished their purpose, for it is at once a sane, if not too long, presentation; 
there are 709 pages. 

It is divided into three parts headed: “Basic Principles,” “A Genetic Study of 

Social Behavior” and “General Laws of Social Interaction in Our Own Society.” 

At the end of each chapter there are a bibliography, an author’s index and a 
subject index. The book is too long for review. It is, however, welcome for 
its sanity and the completeness of its presentation. 

An Introduction to Neurology. By C. Judson Herrick. Fifth edition. Price, 
$3. Pp. 417. Philadelphia: W. B. Saunders Company, 1931. 

The fifth edition of this well known work differs from those preceding only 

in that the chapters on the neuron, reflex circuits and general physiology of the 
nervous system have been entirely rewritten, and all the text has been carefully 

revised in the light of current research. There is no work in any language that 
comes up to this small book as an introduction to neurology, and it is to be highly 

recommended to students in neurology. 

A Brief History of Medicine in Massachusetts. By Henry R. Viets, M.D. 

Price, $4. Pp. 184. Boston: Houghton Mifflin Company, 1930. 

This book is one of the signs of the increasing interest in the history of medi- 

cine and, indeed, in the history of culture that is taking place in this country. 

At one time there was a strong tendency on the part of all young physicians to 
believe that medicine began about twenty years ago, and that nothing that occurred 
before then was of any value. There was an underlying belief among such students 

that intelligence and knowledge are of this day’s growth. This led to narrow 

mindedness and was a great evil. 

Viets’s “History of Medicine in Massachusetts” is in itself an interesting book 

and will help to spread the great truth that all science has its roots in the early 

history of man. The book should be read by everyone who is interested in the 

history of medicine. It is carefully written, accurate in statement and not pro- 

vincially boastful. 

’ 

The Principal Nervous Pathways. Neurological Charts and Schemas with 
Explanatory Notes. 3y Andrew Theodore Rasmussen, Ph.D. Pp. 73. 

New York: The Macmillan Company, 1932. 

The reviewer, in common with all teachers of neuro-anatomy and neurophysiol- 
ogy, has always found wanting a particular chart or charts for the purpose of 

clear elucidation of the subject, for no matter how many charts one may have 

some particular fiber connection can never be shown. If there was only some 
way to show the motor system, for example, as an active, live, functioning 

structure, teaching of this subject would become infinitely easier, and the students 

would be able to get just the shade of meaning that the teacher tries so hard 

to portray. 

This book consists of twenty-eight charts and schemas of the nervous system. 

They are excellent. If there is any criticism it is in the fact that they attempt 

to portray too much, but then, as the author states in his preface, too many legends 

are better than too few. All teachers of this subject will no doubt be grateful 

to the author for his efforts. 

Gehirnpraparation mittels Zerfaserung. Anleitung zum makroskopischen 

Studium ges Gehirns. By Dr. J. Wilhelm Hultkrantz. Price, 6.60 marks. 

Pp. 35. Berlin: Julius Springer, 1929. 

This small pamphlet with forty-four photographs gives a graphic idea of the 

author’s method of study of the gross anatomy of the brain by defibrillation. The 

technic is carefully described, and consists of separation of the various tracts in 
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the hardened brain by blunt dissection, or what the author calls “Zerfaserung” or 
defibrillation. One can get an excellent idea of the various pathways in the brain 
by this method. The idea of studying the hardened brain by this means is not new, 

and the author claims no originality for it, but he has perfected the method. This 
small booklet is an excellent one for students of brain anatomy, neurologists and 

laboratory workers. The printing is clear and the illustrations excellent, as in all 
Springer’s publications. 

A Text-Book of Clinical Neurology. By Israel S. Wechsler, M.D. Second 

edition. Price, $7. Pp. 759. Philadelphia: W. B. Saunders Company, 1931. 

This second edition is a considerable improvement over the first, for some of 

the errors that always creep in in the first edition have been eliminated. Advances 

in the current knowledge of such diseases as tumors of the brain and epilepsy 

have been added. The subject of encephalography has been elaborated. The 

classification originally used has been maintained, although shifts have been made 

here and there which have clarified the subject. Altogether it is one of the best 

and sanest small books on clinical neurology, and can be recommended to students 
and general practitioners. 

Die Lebensvorgange im normalen Knorpel und seine Wucherung bei 

Akromegalie. By J]. Erdheim. Price, 18 marks. Pp. 160. Berlin: Julius 
Springer, 1931. 

This monograph by Erdheim is a thorough study of the changes to be seen 

in cartilage in acromegaly, the rib being used as the unit of study. The first 

part of the monograph is concerned with the normal histology of the rib cartilage, 
followed by an intensive study of the cartilaginous changes to be observed in the 

rib cartilage in acromegaly. The study is well illustrated, and the changes noted 

are described in detail. It is recommended highly to those interested in the subject. 

The Diagnosis of Nervous Diseases. By Sir James Purves-Stewart. Seventh 

edition. Price, $11. Pp. 730. St. Louis: C. V. Mosby Company, 1931. 

When a book has reached its seventh edition in a period of twenty-five years, 

it admittedly must have merit. The present edition does not differ much from 
the last. It is slightly larger, because the whole work has been reset, and many 

illustrations have been added. It differs from the ordinary textbook in that the 
diagnosis of nervous diseases is emphasized, and it can be recommended to students 

and general practitioners. 

The Doctor in Court. By Edward Huntington Williams, M.D. Price, $3. 

Pp. 289. Baltimore: Williams & Wilkins Company, 1929. 

In a readable and entertaining book the author has described the usual and 

musual experiences of “the doctor in court.” The author has drawn not only 

n his own experiences but on those of others, and illustrates at length the various 

points that come up in such practice by apt references to well known trials 
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Abnormalities, developmental defect and mixed 
tumor of central nervous system, 936 

Acetylcholine efficacy and diagnostic impor- 

tance of vasodilators in angiospasm of 
retinal artery, with reference to acetyl 
choline, 460 

Achlorhydria, relation to pernicious anemia, 
1491 

Achondroplasia, case of, 952 

Acid, Carbolic: See Phenol 

\crodynia, case of acrodynia (infantile) of 
Selter-Swift-Feer in youth, 947 

Acromegaly with diabetes mellitus and xanthoma 
diabeticorum, 7 

Adenomas, certain pathologic conditions about 
chiasm with reference to pituitary ade 
nomas, 196 

Adolescence motor development of children 
suffering from stammering ; neuropsychiatric 
problems of adolescence, 951 

problem of mental disease and delinquency 
in adolescent, 458 

Adson, A. W.: Intramedullary tumor of spinal 
cord and vascular lesion of cerebrum, *420 

Agnosia of fingers and agraphia (psychopatho 
logic study), 444 

Agraphia, agnosia of fingers and agraphia 
(psychopathologic study), 444 

and alexia of evolution, 458 

Alcoholism, fixation of alcohol in human cortex 
and subcortical ganglia in alcoholics, 442 

light alcoholic intoxication in schizophrenia 
141 

Alepol, sulphur and turpentine injections i 
persistent psychosis, 451 

Alexia See Aphasia, visual 

Allan, W Sex ratio in migraine, *1436 

Allergy See Anaphylaxis 

All-or-none law validity of all-or-none law, 

159 

Alpers, B. J Primary fibroblastoma of brain 
*270 

Amentia and catatonic syndrome, 204 

Amnion Horn See Cornu ammonis 

Anaphylaxis neurological complications of 
serum treatment with report of case, 1476 

Anderson, F. N Psychiatrie points of view 
on children’s problems, 481 

Anemia, pernicious, relation of achlorhydria to 
1491 

pernicious, resistant to treatment, 1492 

“avertin” anesthesia in neurologic 
surgery, #32 

chloroform content of brain following anes 
thesia Gu 
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convulsions during surgical anaesthesia, 454 

effects of experimentaly induced anesthesia of 
extra-ocular muscles in man, 947 

Aneurysms, spontaneous subarachnoid hemor- 
rhage and its relation to aneurysms of 
cerebral blood vessels, *1080 

Angina pectoris, operative treatment of, 723 

Angioma, angiomatous tumors of nerve centers, 
1477 

Angiospasm: See Vasomotor System 

Aphasia, carbon monoxide poisoning complicated 
by acute toxic psychosis with catatonic 
features and later by parkinsonism and 
sensory aphasia, 1507 

visual; alexia and agraphia of evolution, 458 

Appel, K. E.: Ephedrine circulatory and 
glycemic reactions in psychoses, *159 

Arachnoid, cystic arachnoiditis of cerebello- 
pontile angle revealed by bilateral cochleo- 
vestibular disturbances, 201 

Archambault, L Progressive facial hemi- 
> atrophy; 3 cases, *529 

Argyll Robertson Pupils: See under Pupils 

Arsenic, neuritis from arsenic and lead; sig- 
nificance of chemical studies in diagnosis, 
322 

Arsphenamine therapy, herpes zoster during, 
455 

Arteriosclerosis, cerebral haemorrhage due to 
causes other than arteriosclerosis, 1474 

Artery, action of certain drugs on spinal fluid 
and on internal jugular venous and systemic 
arterial pressures of man, *1226 

basilar, paradoxical embolism of, 446 

internal jugular venous pressure in man, its 
relationship to cerebrospinal fluid and 
carotid arterial pressure, *836 

retinal, efficacy and diagnostic importance of 
vasodilations in angiospasm of, with refer- 
ence to acetylcholine, 460 

Arthritis deformans as cause of “‘ischias’’ and 
““meralgia paresthetica,”’ 451 

deformans, assimilation of atlas and compres- 
sion of medulla: clinical significance and 
pathology of _torticollis and localized 
chronic arthritis deformans of spine, 710 

results of sympathetic ganglionectomy and 
ramisectomy for chronic arthritis, 721 

Asthenia, neurocirculatory, peptic ulcer and 
recurrent hyperthyroidism, 938 

Athetosis, pathologic anatomy of pallidal form 
of, 943 

Atrophy, muscular, familial progressive, *645 

Avertin: See Tribromethanol 

Bagley, C., Jr.: Spontaneous cerebral hemor 
rhage; discussion of 4 types with surgical 
consideration, *1133 

Bailey, P.: Histologic diagnosis of tumors of 
brain, *1290 

Sarrera, S. E.: Action of bulbocapnine 
animals with various experimental 
of nervous system, 1499 

in 
lesions 
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Bazett, H Sensation; depth, distribution 
and probable identification in prepuce of 
sensory end-organs concerned in sensations 
of temperature and touch; thermometric 
conductivity, *489 

Sensation; mode of stimulation of cutaneous 
sensations of cold and warmth, *1031 

Behavior problems, réle of physical conditions 
in, 947 

Bender, L.: Principles of Gestalt in copied 
form in mentally defective and schizo- 
phrenic persons, *661 

Binswanger’s chronic progressive subcortical 
encephalitis, *593 

Birth trauma and epilepsy, 699 

Bishop, G. H.: Nerve degeneration accompany- 
ing experimental poliomyelitis; histologic 
and functional analysis of normal somatic 
and autonomic nerves of monkey, *1070 

Nerve degeneration in poliomyelitis: rate of 
depression and disappearance of components 
of conducted action potential in severed 
nerves: correlation with histologic degen- 
eration in groups of fibers responsible for 
various components, *1421 

Blake, William Blake: ‘‘mad” Blake and his 
tree full of angels, 953 

Blepharospasm, bilateral blepharospasm and 
“see-saw blepharospasm of encephalitic 
origin, 1485 

Blood, alkali reserve of blood and urinary 
hydrogen ion concentration in_ epileptic 
persons during and between convulsive 
seizures, 450 

bromide distribution in blood: in vitro experi 
ments of bromide and chloride distributions 
456 

colloidal states of, 230 

distribution of bromides and chlorides in 
blood of dogs following oral administration 

of sodium bromide, 950 

distribution of calcium between blood and 
cerebrospinal fluid in sleep induced by 
diallyl-barbituric acid; experimental study 
*154 

lipase, diastase and esterase in multiple 
sclerosis; possible index of liver dysfunc 

tion, *367 

lymphocyte reaction in blood picture of 
syphilis and metasyphilis and its signifi 
cance for pathogenesis and therapy, 460 

pressure; action of certain drugs on spinal 
fluid and on internal jugular venous and 
systemic arterial pressure of man, *1226 

pressure before and after operation in hyper 
thyroidism, 455 

pressure, behavior of pulse rate, pulse volume 
and blood pressure normally and under 

influence of diathermy on brain in normal 

and in catatonic persons, 452 

pressure, effect of ephedrine on, in psychosis 
*159 

pressure, high; differential diagnosis’ of 
tumor of brain; importance of considering 

renal hypertension with choked disk, *816 

pressure, high; neuroretinitis associated with 

nephritis and hypertension, 952 

pressure in schizophrenia, *: 

pressure, influence of pain on human arterial 

pressure, 934 

pressure, retinal blood pressure in patients 

with general arterial hypertension, 459 

vessels, epileptic convulsions of dementia 

paralytica their relation to sclerosis of 
cornu ammonis, *138 

vessels, intracerebral vascular nerves, *30 

VOLUME 2 

Boeke, J Degeneration and regeneration of 
peripheral nervous system, 461 

Bone, Paget's disease of cranium, 226 

Book 

A B C of Adler’s Psychology; P. Mariet, 244 

Amusie; E. Feuchtwanger, 1510 

Aphasia in Children; A. G. Ewing, 47 

Arbeit und Gesundheit Part 17 Sammlung 
aerztlicher Gutachten; Martineck, 1272 

Brain and Spinal Cord. A Manual for Study 

of Morphology and Fibre-Tracts of Central 
Nervous System; E. Villiger, 759 

Brief History of Medicine in Massachusetts 
H. R. Viets, 1513 

Conditions and Consequences of Human 
Variability: R. Dodge, 757 

Creed of a Biologist: A. S. Warthin, 985 

Diagnosis of Nervous Diseases; J. Purves 
Stewart, 1514 

Diagnostic et thérapeutique par le lipiodol 

1. A. Sicard and J. Forestier, 488 

Doctor in Court; E. H. Williams, 1514 

Doctor of the 1870's and 80's; W. A. Pusey 
1512 

Einfiihrung in die neuere Psychologie E 
Saupe, 488 

Experimental Social Psychology; G. Murphy 
and L. B. Murphy, 1513 

Gehirnpraparation mittels Zerfaserung An- 

leitung zum makroskopischen Studium des 
Gehirns; J. W. Hultkrantz, 1514 

Genie-Problem. Eine Einfiihrung; W. Lange 
753 

Genius im Kinde; G. F. Hartlaub, 1271 

God Helps Those; F. Kiinkel, 1268 

Grundziige der Entwicklungsgeschichte der 

Menschen in vergleichender Darstellung 
R. Weissenberg, 1272 

Handbuch der biologischen Arbeitsmethoden 

Abteilung V. Methoden zum Studium der 

Funktionen der einzelner Organe des 

tierischen Organismus. Teil 5 B, Heft 6 

Methoden zur Erforschung der Funktionen 
des Kleinhirns; J. ten Cate, 759 

Handbuch der Geisteskrankheiten;: O. Bumke 
758 

Headache: W. H. Robey, 245 

Hérédo-syphilis mentale; P. L. Drouet and 
J. Hamel, 984 

Hirnpathologische Beitrige; K. Schaffer, 487 

How to Be Happy Though Human; W. B 

Wolfe, 756 

Individual Psychological Treatment: E. Wex 

berg, 242 

Individual Psychology: E. Wexberg, 238 

Institute for Child Guidance Studies. Selected 

Reprints; L. G. Lowrey, 758 

Internationale Tagung fiir angewandte Psy 
chopathologie und Psychologie, Wien, 1930 
H. Hartmann, M Pappenheim and E 
Stransky, 246 

Introduction to Neurology ( J. Herrick 
1513 

Konstitutionstypen der Kinder Ww 
Krasusky, 979 

Lebensvorginge im normalen Knorpel und 
seine Wucherung bei Akromegalie; J. Erd 

heim, 1514 

Manic-Depressive Psychosis H Lundholm 

Measurement of Intelligence of Young 
Children by an Object-Fitting Test: R. E 
Atkins, 486 
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Medical Department of United States Army 
in World War. Volume X Neuropsychi- 
atry; M. W. Ireland, 758 

Medicine: An Historical Outline: M. G 
Seelig, 488 

Mind at Mischief: Tricks and Deceptions of 
the Subconscious and How to Cope with 
Them; W. 8S. Sadler, 1512 

Morbid Personality; S. Lorand, 247 

Myotonie atrophique; (maladie de Steinert) : 
Sa place entre la maladie de Thomsen et 
les myopathies; L. Rouqués, 760 

Nervous Indigestion; W. C. Alvarez, 985 

Nervous System. An Elementary Handbook 
of Anatomy and Physiology of Nervous 
System for Use of Students of Psychology 
and Neurology; J. D. Lickley, 986 

Neuropathischen Knochen- und Gelenk 
Affektionen; A. Blencke and B. Blencke, 
985 

Neurosen des Lebenskampfes; W. Cimbal, 755 

Ophthalmo- und Oto-Neurologie. Ein Lehi 
buch fiir Studierende und <Aerzte; E. A. 
Spiegel and I. Sommer, 755 

Order of Birth, Parent-Age, and Intelligence ; 
L. Thurstone and R. L. Jenkins, 754 

Pathology of Internal Diseases; W. Boyd, 247 

Phénoménes de répercussivité (systéme sym- 
pathique ; systeéme cérébrospinal ; les 
spasmes vasculaires; épilepsie; asthme) : 
Andre Thomas, 1266 

Physique and Intellect; D. G. Paterson, 240 

Principal Nervous Pathways. Neurological 
Charts and Schemas with Explanatory 
Notes; A. T. Rasmussen, 1513 

Problems in Psychopathology ; T. W. Mitchell 

485 
Psychology of Insanity; B. Hart, 488 

Recent Advances in Study of Psychoneuroses ; 
M. Culpin, 756 

Selected Writings of John Hughlings Jackson. 
Volume 1. On Epilepsy ,and Epileptiform 
Convulsions; J. Taylor, G. Holmes, and 
F. M. R. Walshe, 757 

Sex in Marriage; E. R. Groves and G. H. 
Groves, 1511 

Speech Pathology: L. E. Travis, 983 

Studien zur Psychologie und Symptomatologie 
der progressiven Paralyse; P. Schilder, 753 

Studies in Psycho-Expedition ; F. Schneersohn, 
1509 

Sur Vactivité spontanée normale et patho 
logique; A. Barnett, 754 

Syndromes cérébelleux mixtes; A. de Almeida 
Prado, 759 

Technique of Psycho-Analysis; E. Glover, 982 

Techniques histologiques de neuropathologie 
I tertrand, 488 

Text-Book of Clinical Neurology l Ss 
Wechsler, 1514 

Text-Book of Neuro-Anatomy: A. Kuntz, 760 

Theodor Meynert und seine Zeit; D. Stockert 

Meynert, 1511 

Tumeurs des centres nerveux et des nerfs 
périphériques: atlas du cancer; G. Roussy 
and C, Oberling, 1272 

Wunder in der Heilkunde; E. Liek, 248 

Bowman, L.: 
Holland, 977 

Brachial plexus, paralysis following serum 
therapy for diphtheria, 944 

Postvaccinal encephalitis in 

Brain See also Arachnoid: Cerebellum: Cornu 
ammonis; Hypothalamus; Medulla Ot 
longata; Meninges; etc 
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abscess, conjugate deviation of head and 
eyes in diagnosis and localization of, 700 

action of pituitrin introduced into ventricle, 
194 

activity of suckling, 1472 

acute intracranial edema complicating otitis 
media, 1497 

atrophy; Pick’s disease in brothers, 198, 

behavior of pulse rate, pulse volume and 
blood pressure normally and under influence 
of diathermy on brain in normal and in 
catatonic persons, 452 

central tegmental tract, 1491 

chloroform content of brain following anes- 
thesia, 939 

choroid plexus psammoma in right lateral 
ventricle, 441 

comparative anatomy of so-called accessory 
abducens nucleus, 457 

congenital hypoplasia of olivo-pontocerebellar 
tracts, *1402 

conjugate deviation of head and eyes in dis- 
orders of brain stem, 433 

cortex, restitution in injuries of, 736 

counteractive effect of tribomethanol (aver- 
tin) on stimulatory response to pituitrin in- 
jected in ventricle, 195 

cystic arachnoiditis of cerebrellopontile angle 
revealed by bilateral cochleovestibular dis- 
turbances, 201 

disease; chronic progressive vascular sub- 
cortical encephalopathy : chronic progressive 
subcortical encephalitis of Binswanger, 
#593 

disease; progressive pallidal degeneration; 
new clinicopathologic syndrome, *1 

disease; toxic encephalopathy in measles, 
*1209 

disease, 2 cases of Lindau’s disease, 210 

disorders of optic nystagmus observed in 
lesions of frontal lobe, 960 

effect of lecithin on cerebral cortex, 1495 

effects of total removal of left temporal lobe 
in right-handed person; localization of 
areas of brain concerned with speech, 221 

encephalography and ventriculography; value 
in localization and treatment of intracranial 
lesions, *1310 

encephalography, head injuries: effects and 
their appraisal; encephalographic obser- 
vations, *791 

experimental work on _ bacterially-produced 
nervous tissue lesions, 440 

extradural ventral chondromas ; favorite sites: 
spinal cord and root symptoms they produce 
and surgical treatment, 224 

fibroblastoma, primary, *270 

fixation of alcohol in human cortex and sub 

cortical ganglia in alcoholics, 442 

function of frontal lobe, 436 

function of frontal lobes in dogs, experi- 
mental study, 961 

functional changes in disturbances of spatial 
functions in perception and movement, 967 

hemangioma; two cases of capillary heman 
gioma, 1 of cerebellum, other of medulla, 
210 

hemorrhage due to causes other than arterio 
sclerosis, 1474 

hemorrhage, encapsulated, 
pathology, *1441 

hemorrhage; spontaneous cerebral hemor 
rhage, discussion of 4 types with surgical 
consideration, *1133 

frequency and 
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Brain-—Continued 

hemorrhage ; spontaneous subarachnoid hem 
orrhage its relation to aneurysms of 
cerebral blood vessels, *1080 

hepatic disease and brain pathogenesis of 
Wilson's disease and of pseudosclerosis 
39 

histologic changes in brain in cases of fatal 
injury to head; reaction of microglia and 
oligodendroglia, *605 

histologic studies of brain in cases of fatal 
injury to head reaction of classic neu 
rologia, *1342 

in malignant endocarditis, *1175 

intracerebral vascular nerves, *30 

morphogenetic factors in development of 
cerebral hemispheres, 957 

painful contractures in flexion of lower ex 
tremities from unilateral cerebral lesions 
1492 

potential changes in isolated brain stem of 
goldfish, 717 

release phenomenon in electrical stimulation 
of “motor” cerebral cortex, 957 

restitution in brain. principle of, 967 

retinal arterial tension in certain cerebral 
syndromes, 207 

small foci of demyelinization in cortex and 
spinal cord in diffuse sclerosis: their simi 
larity to those of disseminated sclerosis and 
dementia paralytica, *1380 

softening of temporal lobe with clinical pic 
ture of pseudotumor cerebri, 199 

trauma and its relation to mental deficiency 
ta 

trauma, disturbances of reflexes in, 966 

tumors, classification of, and its practical 
application, 952 

tumors, diagnosis and treatment of: review 

of symposium at First International Neu 
rological Congress, *1447 

tumors; differential diagnosis of tumor of 
brain; importance of considering renal 
hypertension with choked disk, *816 

tumors; difficulties of differential diagnosis 
between hypertensive form of encephalitis 
lethargica and cerebral tumor, 453 

tumors, histologic diagnosis of, *1290 

tumors intracranial tumor with unequal 
choked disk: relationship between side of 
greater choking and position of tumor 

tumors: intramedullary tumor of spinal cord 
and vascular lesion of cerebrum, *420 

tumors, ocular symptoms in diagnosis of 
950 

tumors of basal ganglia, *249 

tumors of frontal lobe, exophthalmos from 
160 

tumors of sheaths of nervous system, *120s8 

tumors of stem clinical study of 5 cases 
with autopsy findings, 456 

tumors, optic atrophy without papilledema in 
tumor of frontal lobe complicated by hydro 
cephalus, 1490 

tumors, spinal fluid in differential diagnosis 
of, *691 

tumors, surgical mortality percentages per 
taining to series of 2,000 verified intra 
cranial tumors; standards of computation 
*1273 

tumors, 2 cases, 1504 

vascular spasms clinica ind experimental 
study, 938 

Brain—Continued 

ventriculography and encephalography, value 
in localization and treatment of intra 
cranial lesions, *1310 

distribution in blood distribution 
of bromides and chlorides in blood of dogs 

following oral administration of sodiun 
*bromide, 950 

distribution in blood in vitro experiments 
of. bromide and chloride distributions, 456 

Bulbocapnine, action of, in animals with vari 

ous experimental lesions of nervous system 
149% 

Burr H s Morphogenetic factors in «dk 
velopment of cerebral hemispheres, 957 

Byers, R. K Transection of spinal cord iy 

new-born case with autopsy and com 
parison with normal cord at same age, *585 

Calcium, distribution of calcium between blood 

ind spinal fluid in sleep induced by dially! 
barbituri« acid; an experimental study 
*154 

Cancer, carcinomatous pachymeningitis, report 
of case, *425 

Carbolie Acid See Phenol 

Carbon dioxide effect of carbon dioxide ar 
oxygen on catatonic states, 232 

monoxide, case of carbon monoxide poisoning 
complicated by acute toxic psychosis wit! 
catatonic features and later by parkinson 
ism and sensory aphasia, 1507 

monoxide poisoning complicated by multipl 
neuritis and unilateral parkinsonism, 150¢ 

Catatonia See Dementia Praecox 

Cauda equina: See Spinal Cord 

Cellini, delinquency and Florentine court re 
ords of Benvenuto Cellini, as reconstructed 
in light of legal code of his time and of 
rare unpublished documents, 457 

Cerebellum abscess. case of, 941 

Cajal-Smirnow fibers normal component of 
human cerebellum, 1489 

congenital hypoplasia of oliva-pontocer 
bellar tracts, *1402 

restitution in cerebellar lesions, 731 

symptom, (pendulum movement of arm), 972 

Cerebrospinal Fluid, action of certain drugs o 
spinal fluid and on internal jugular venous 
and systemic arterial presure, *1226 

itlanto-occipital puncture comparative val 
of cisternal and lumbar puncture, 718 

cell count and protein content in epilepsy 

distribution of calcium between blood and 

spinal fluid in sleep induced by diallyl 

barbituric acid; experimental study, *154 

examination by ultra-violet light, 452 

in differential diagnosis of brain tumor, *691 

internal jugular venous pressure in man 
its relationship to spinal fluid and carotid 
arterial pressures, 

practical and theoretical significance of pro 
tein determinations in spinal fluid ir 
neurologic cases, 444 

simultaneous registration of intra-ocular 
pressure and pressure in spinal fluid, 211 
118 

sugar curve after oral administration of dex 
trose TOO 

Cerebrun See Brain 

Cherry I S.: Blood lipase diastase ind es 

terase in multiple sclerosis; possible inc 
liver dysfunction 
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Childret neurologic problems in childhood 
e525 

psychiatric points of view children’s 
problems, 481 

Chloride distribution of bromides and chlo- 
rides in blood of dogs following oral ad 

ministration of sodium bromide, 950 

Chloroform content of brain following anes- 

thesia, %5% 

Choked dish See Neuritis, optic 

Chondromas extradural ventral chondromas 
favorite sites; spinal cord and root symp 
toms they produce and surgical treatment 

Chorea chronic progressive chorea patho 
genesis ind mechanism, histopathologic 
stud 

Huntington's convulsive manifestations in 
1490 

localization and pathophysiology of choreic 

movement, 182 

treatment with phenyl-ethyl-hydantoin, 454 

Choroid, case of choroid plexus psammoma in 

right lateral ventricle, 441 

hydrocephalus in infant with vestiges of 
choroid plexus in fourth ventricle only 
* 40 

‘Ciliary activity disturibution of branchial 

nerve in Mytilus edulis and its relation to 
problem of nervous control of ciliary ac 
tivity 455 

Cisterna atlanto-occipital puncture 

comparative value of cisternal and lumbat 

Claiborn, L. N Experimental study of func- 

tion of frontal lobes in dogs, 961 

Clérambault-Kandinsky symptom complex, 

Cleveland. D. A.: Serologic study of multiple 

sclerosis *375 

Cobb. S.: Causes of epilepsy, *1245 

Cohen, I Postoperative results of chronic 

right-sided hematoma with ipsolateral py 

ramidal tract signs, 219 

Color changes in fundulus with consideration 

of xanthophores, 941 

Contracture painful contractures in flexion 

of lower extremities from unilateral cere 

bral lesions, 1492 

Convulsior during surgical anaesthesia, 454 

epileptic convulsions of dementia paralytica 

their relation to sclerosis of cornu am 

monis, *138 

head injuries effects and their appraisal 

experimental studies of induced convul 

sions and ventricular distortion in cat 

776 

Cornu ammonis epileptic convusions of 

dementia paralytica: their relation’ to 

sclerosis of cornu ammonis, *138 

Courville, C. B.: Histologie changes in brain 

in cases of fatal injury to head; reaction 

of microglia and oligodendroglia, *605 

Histologic studies of brain in cases of fatal 
injury to head; reaction of classic neu 

roglia, *1342 

Covell, W. P Nerve degeneration in polio 

myelitis: vital staining methods with neu 

tral red applied to nerve degeneration 
*518 

Crandall L A.. 3.3 Blood lipase diastase 

ind esterase in multiple sclerosis possibl 

index of liver dysfunction, *367 
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Cranium, fractures and intracranial injuries 
management of, 1486 

osteitis fibrosa cystica of skull associated 
with hemianopia and psychotic symptoms, 
*45 

Paget's disease of, 226 

Criminals, biologic types among, 1470 

Criminology, index of celebrated cases, 460 

significance of Lombroso for modern biologic 
criminology, 449 

Crothers, B.: Neurologic problems in child- 
hood, *525 

Cushing, H.: Surgical mortality percentages 
pertaining to series of 2.000 vertified ir 
tracranial tumors; standards of computa 
tion, *1273 

Dandy, W. E Certain functions of roots and 
ganglia of cranial sensory nerves, *22 

Effects of total removal of left temporal lobe 
in right-handed persons: localization of 
areas of brain concerned with speech, 221 

Davis, L.: Rdéle of sympathetic nervous sys- 
tem in production of pain in head, *282 

Davison, Amyotrophic lateral sclerosis 
with mental symptoms; clinicopathologic 
study, *859 

Chronic progressive chorea: pathogenesis and 
mechanism; histopathologic study, *906 

Delinquency and Florentine court records of 
Benvenuto Cellini, as reconstructed in 
light of legal code of his time and of rare 
unpublished documents, 457 

problem of mental disease and delinquency 
in adolescent, 458 

Dementia Paralytica: See Paralysis general 
praecox, amentia and catatonic syndrome 

204 

praecox and tuberculosis, 449 

praecox, blood pressure in schizophrenia 
#299 

praecox, cerebellar disorders, in, 209 

praecox, effect of carbon dioxide and oxyger 
on catatonic states, 232 

praecox, light alcoholic intoxication ir 
schizophrenia, 441 

praecox, principles of Gestalt in copied forn 

in mentally defective schizophreni 
persons, *661 

praecox, reflex response latencies in manic 
and depressive cases of cyclothymic group 
and in cases of catatonic stupor of schizo 
phrenic group, *687 

Demme, H.: Experimental poliomyelitis, 97 

Dengue, neurotropism of virus of, 951 

Dextrose, sugar curve in cerebrospinal fluid 
after oral administration of dextrose, 700 

Diabetes insipidus, experimental, histopathology 
of, 445 

mellitus, acromegaly with diabetes mellitus 
and xanthoma diabeticorum, 724 

Diallyl-barbituric acid, distribution of calciun 
between blood and cerebrospinal fluid ir 
sleep induced by diallyl-barbiturie acid 
experimental study, *154 

Diamond, I. B.: Brain changes in malignant 
endocarditis, *1175 

Diastase, blood lipase, diastase and esterase 
multiple sclerosis; possible index of liver 
dysfunction, *367 

Diathermy, behavior of pulse rate, pulse volume 
and blood pressure normally and under 
influence of diathermy on brain in normal 
ind in catatonic persons, 452 
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Diphtheria, serum 
paralysis of 

therapy for, followed by 
brachial plexus, 944 

Diplegia, syndrome of polyneuritis with facial 
diplegia, *79% 

Diseases, psychic disturbances in somatic dis- 
eases, 1486 

Dixon, H. H Familial 
atrophy, *645 

Dodge, R.: 
served in 

progressive muscular 

Disorders of ob- 

lesions of 

Dorsey, J. M.: Reflex response latencies in 
manic and depressive cases of cyclothymic 

group and in cases of catatonic stupor of 
schizophrenic group, *687 

Doyle, J. B Neuritis from 
significance of chemical 
nosis, *322 

optic nystagmus 
frontal lobe, 960 

arsenic and lead; 
studies in diag- 

Drugs, action of 

and on 
temic 

certain drugs on spinal fluid 
internal jugular venous and sys- 

arterial pressures of man, *1226 

Dura mater, 
with 

traumatic 
reference to 

hematoma 
*847 

subdural 
latent interval, 

Dusser de Barenne, J. G A release phenome- 
non in electrical stimulation of ‘‘motor” 
cerebral cortex, 957 

Dystonia See under Muscle 

Dystrophy, muscular, 
progressive 

pulse 

dystrophy, 
curve in 

*1444 
case of 

Ear, labyrinth of Bufo 

larva; morphologic study of perilymphatic 
space in connection with membranous 
labyrinth and auditory capsule, 453 

vestibular function 
nancy, 208 

Eckel, J. L.: 
nervous 
*S81 

vulgaris japonicus 

and vomiting of preg- 

Unusual 
system, 

cases of syphilis of 
clinicopathologic study, 

Electric shock, “fugue” following severe shock, 
4 949 

Elsberg, C. A.: Extradural ventral chondro- 
mas; favorite sites: spinal cord and root 
symptoms they produce and surgical treat- 
ment, 224 

Embolism, inferior hemianopia from retinal em- 
bolism and angiospasm, 945 

paradoxical, of basilar artery, 446 

Encephalitis: See also Encephalomyelitis 

ambulatory automatism in hypertonic encepha- 
litis, 456 

avulsion of both eyes and optic nerves by 
patient with postencephalitic condition, 1497 

bilateral blepharospasm and “see-saw” ble- 
pharospasm of encephalitic origin, 1485 

chronic progressive vascular subcortical en- 
cephalopathy ; chronic progressive subcorti- 
cal encephalitis of Binswanger, *593 

difficulties of differential diagnosis between 
hypertensive form of encephalitis lethargica 
and cerebral tumor, 453 

histopathology of postencephalitic diseases, 719 

in measles, *1209 

428 

mental syndromes following, 430 

184, 191 

periaxialis diffusa (Schilder’s disease), 

Holland, 

and encephalitis in 
1495 

toxic encephalopathy in 

late ocular manifestations in 

neurologic sequelae of, 

209 

postvaccinal, in 977 

septicaemia relation to 

vaccination, 

measles, *1209 

nique type of speech disturbance in, *172 
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Encephalography See under Brain 

Encephalomyelitis, postvaccinial, etiology of, 706 

problem of, and multiple sclerosis, 970 

Encephalopathy: See Brain, disease 

Endocarditis, malignant, brain changes in, *1175 

Eonism or transvestism, 209 

Ependymitis, pathology of, 207 

Ephedrine circulatory and glycemk 
psychoses, *159 

reactions in 

Epilepsy and birth trauma, 699 

alkali reserve of blood and urinary hydrogen 
ion concentration in epileptic persons during 
and between convulsive seizures, 450 

causes of, *1245 

cell count and protein content of spinal fluid 
in, 699 

clinic for, 695 

clinical and therapeutic experiences with 

dehydration method in, 940 

epileptic convulsions of dementia p 
their relation to sclerosis of corn 
*138 

iralytica;: 

immonis, 

epileptiform seizures of Jacksonian 
analysis of 130 cases, 1493 

haracter;: 

“genuine epilepsy’: microscopic changes in 
capillary system as probable etiologic factor, 
718 

neurosomatic deterioration in epilepsy ; clinico 
pathologic contribution to concept with re 
port of 2 

organic symptoms from central nervous system 

in so-called genuine epilepsy, 

cases, *113 

ous 

pathologic anatomy in, 968 

pathophysiology of, 696 

physiologic and chemical basis of starvation, 
700 

surgical point of view in treatment tor, 698 

treatment for, 697 

Esterase, blood lipase, diastase and esterase in 
multiple sclerosis; possible index of liver 
dysfunction, *367 

Exophthalmos from tumor of frontal lobe, 4160 

Eye: See also under special structures of eyes 
i. e., Optic chiasm; Retina; et 

action of drugs on vascular and muscular fae- 
tors controlling intra-ocular press 712 

avulsion of both eyes and opti nerves by 
patient with post-encephaliti ondition, 
1497 

conjugate deviation of head and eves in dis 
orders of brain stem, 433 

conjugate deviation of head and eyes its 
value in diagnosis and localization of ab- 
scess of brain, 700 

movements, nervous mechanism ft ssoclated 

eye movements (Andreas Hogyes 29 

simultaneous registration of intra-ocular pres 
sure and pressure in spinal fluid, 211, 448 

Face, masticator facial hydrorrhea forming part 
of facio-occipito-sympathetic syndrome, 205 

progressive facial hemiatrophy report of 
cases, *529 

syndrome of polyneuritis with fa liplegia, 

Farnell, F. J Chronic progressive va lar sub- 
cortical encephalopathy ; chroni oxressive 

subcortical encephalitis of Binswanger, *593 

Feebleminded, cerebral trauma and tion 
to mental deficiency, 72 
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Feebleminded—-Continued 
clinical approach to problem of mental defi 

ciency, 954 

diagnosis, treatment and training of, 954 

grading of patients in mental hospitals as a 
therapeutic measure, 942 

principles of Gestalt in copied form in men 
tally defective and schizophrenic persons, 

psychopathy in feeble-mindedness, 454 

recent legislation in England and Wales affect- 
ing care and treatment of mental patients, 
720 

rraro, A Action of bulbocapnine in animals 

with various experimental lesions of nervous 
system, 1499 

Toxic encephalopathy in measles, *1209 

Fever treatment See also Malaria, therapeuti 

therapy. pyrexial treatment of G. P. I. with 
sulfosin, 447 

therapy, taboparesis treated by hyperpyrexia 
induced by hot baths, 458 

Fibroblastoma, primary, of brain, *270 

Fingers, agnosia of fingers and agraphia (psy- 
chopathologic study), 444 

Finkleman, I Case of tabetic form of dementia 
paralytica with tremor and contracture, 228 

Finley, K. H Congenital hypoplasia of oliva- 

pontocerebellar tracts, *1402 

Fluorine, suicide by means of ingestion of flu- 

orine compound, 457 

Foerster, O 

Fox, J. ¢ Jr Disorders of optic nystagmus 

observed in lesions of frontal lobe, 960 

Frantz, A. M Family periodic paralysis, report 
of case, 220 

Freeman, H 

Restitution, 725 

Blood pressure in schizophrenia, 

Freeman, W Carcinomatous pachymeningitis 
report of case, *425 

Fremont-Smith, F Cerebrospinal fluid in dif 
ferential diagnosis of brain tumor, *691 

Freud, 75th birthday of, 722 

Friedman, E. D Head injuries: effects and 

their appraisal; encephalographie observa- 

tions, *791 

Fromm. N. K Progressive facial hemiatrophy, 

report of 3 cases, *529 

Fugue” following severe electric shock, 949 

Fulstow, M 

Fulton, J. F Babinski reflex in monkey, baboon 

and chimpanzee, 959 

Atypical diffuse sclerosis, *389% 

Ganglia, tumors of basal ganglia, *249 

Ganglionectomy, results of sympathetic ganglion 

ectomy and ramisectomy for chronic ar 

thritis, 72 

Gangrene, dementia paralytica and symmetrical 

gangrene, 448 

Gardner, W. J Traumatic subdural hematoma 

with reference to latent interval, *847 

German, W. C Experimental study of function 
of frontal lobes in dogs, 961 

Gerstmann, J Problem of encephalomyelitis 
and multiple sclerosis, 970 

(;estalt, principles of Gestalt in copied form in 

mentally defective and schizophrenik €! 
ons 
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Gibbs, F. A Intracranial tumor with unequal 
choked disk; relationship between side of 
greater choking and position of tumor, *828 

Ginsburg, S. W Spontaneous subarachnoid 
hemorrhage, relation to aneurysms of cere- 
bral blood vessels, *1080 

Glaucoma, false, 460 

Glia: See Neuroglia 

Glioma of retina including results of studies 
with silver impregnations, 187 

Globus, J. H Chronic progressive vascular 
subcortical encephalopathy; chronic pro- 
gressive subcortical encephalitis of Bins- 
wanger, *593 

Spontaneous subarachnoid hemorrhage, rela- 

tion of aneurysms of cerebral blood vessels, 
*1080 

Globus pallidus: See Lenticular Nucleus 

Goiter, disturbances in handwriting and clumsi- 
ness as signs of toxic goiter, 1495 

exophthalmic, and involuntary nervous system, 
705 

exophthalmic, physostigmine salicylate in, 935 

exophthalmic, vegetative nervous system in, 
and in basedowoid sympathetic syndrome, 
1483 

Goldstein, K 
cortex, 736 

Goodhart, S. P Avulsion of both eyes and 
optic nerves by patient with post-encepha- 
litic condition, 1497 

Chronic progressive chorea; pathogenesis and 
mechanism ; histopathologic study, *906 

Restitution in injuries of brain 

Gradenigo’s syndrome, paralysis of abducens 

nerve accompanying case of mastoiditis ; 
unusual form of Gradenigo’s syndrome, 723 

Grant, F. C.: Diagnosis and treatment of tumors 

of brain; review of symposium at First 
International Neurological Congress, *1447 

Differential diagnosis of tumor of brain; im- 
portance of considering renal hypertension 
with choked disk, *816 

Primary fibroblastoma of brain, *270 

Ventriculography and encephalography, value 
in localization and treatment of intracranial 
lesions, *1310 

Graves’ Disease: See Goiter, exophthalmic 

Hallucinations, Clérambault-Kandinsky symptom 
complex, 937 

in hemianopic visual field, 438 

visual, in patients with ophthalmic pathology, 
151 

Hand, nerve endings in skin of hand, 435 

Handwriting, disturbances in handwriting and 
clumsiness as signs of toxic goiter, 1495 

Harrow, R.: Osteitis fibrosa cystica of skull 
associated with hemianopia and psychotic 
symptoms, *45 

Harvey, S. C Experimental study of function 
of frontal lobes in dogs, 961 

Hassin, G. B.: Hydrocephalus; report of case 

in infant with vestiges of choroid plexus in 
fourth ventricle only, *406 

Peripheral nerves: anatomic and pathologic 
considerations, *58 

Hauptmann, A Treatment for tabes, 977 

Head, conjugate deviation of head and eyes in 
disorders of brain stem, 433 

onjugate deviation of head and eyes; its 
value in diagnosis and localization of ab- 
scess of brain. 700 
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Head—Continued 

histologic changes in brain in cases of fatal 
injury to head; reaction of microglia and 
oligodendroglia, *605 

histologic studies of brain in cases of fatal 
injury to head, reaction of classic neuroglia 
*1342 

injuries; effects and their appraisal; enceph- 
alographic observations, *791 

injuries; effects and their appraisal; evalua 
tion of evidence, *81 

injuries; effects and their appraisal; experi 

mental studies of induced convulsions and 
ventricular distortion in cat, *776 

injuries; effects and their appraisal; role of 
microglia, *784 

role of sympathetic nervous system in pro 
duction of 

Heat, initial 
vertebrate 

Heinbecker, P Nerve degeneration accompany 
ing experimental poliomyelitis histologic 
and functional analysis of normal somatic 
and autonomic nerves of monkey, *1070 

Nerve degeneration in poliomyelitis; rate of 
depression and disapearance of components 
of conducted action potential in severed 
nerves; correlation with histologic degener 
ation in groups of fibers responsible for 
various components, *1421 

Hemangioma, two cases of capillary 

of cerebellum, other of 

pain in head, *282 

and recovery heat 
nerve, 449 

production of 

hemangioma 
medulla, 210 

Hemato-Encephalic Barrier: See 
meability 

Meninges, per 

Hematoma, postoperative result of chronic right 
sided hematoma with ipsolateral pyramidal 
tract signs, 219 

traumatic subdural hematoma with reference 
to latent interval, *847 

Hemianesthesia, alternate, 454 

Hemianopia, bilateral 
macular vision, 460 

inferior, from 
spasm, 945 

with conservation of 

retinal embolism and angio 

Hemiatrophy, progressive facial 
report of 3 cases, *529 

hemiatrophs 

Hemoglobin, crystallization of 
various ages of life, 207 

hemoglobin in 

Hensen’s node, experimental study of indepen 
dent differentiation of isolated Hensen’s 
node and its relation to formation of axial 
and non-axial parts in chick embryo, 948 

Herpes zoster during arsphenamine therapy, 455 

mechanism involved in lib 
histamine, 455 

Histamine, nervous 
eration of 

Hodskins, M. B Neurosomatic deterioration in 
epilepsy; clinicopathologic contribution to 

concept with report of 2 cases, *113 

Hoskins, R. G.: Blood pressure in schizophrenia 
*333 

Hydrocephalus in infant with vestiges of chor 
oid plexus in fourth ventricle only, *406 

optic atrophy without papilledema in tumor of 
frontal lobe complicated by, 1490 

Hydromyelia, genesis of, 434 

Hydrorrhea, masticator facial hydrorrhea 
ing part of facio-occipito-sympathetic 
drome, 203 

form 

svn 

Fever 

Pituitary Body 

Hyperpyrexia: See under 

Hypophysis: See 

See Pituitary 

stimulation of 
hypophysis 

Body 

hypothalamus on 

Hypothalamus: also 

influence of 
activity of HHS 
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Idiocy, mongolian, in one of twins, 721 

Infants, brain activity of suckling, 1472 

Insane, grading of patients in mental hospitals 
is a therapeutic measure, 942 

recent legislation in England and Wales affect- 
ing care and treatment of mental patients, 

Insanity manic-depressive some historical 
phases of 

i manic-depressive synthesis, 202 

manic-depressive 
in, 717 

statistical study of delusions 

manic-depressive 
survey of literature, 715 

reflex response latencies in 
pressive cases of 

psychosis, treatment and 

manic 
cyclothymic 

catatonic stupor of 

and de- 

group and in 
cases of schizophrenic 
group, 

International 
ceedings 

Neurological 
212 

Congress First, pro 

Iron in dementia 
parative 

paralytica on 
histopathologic 

basis of 

investigations, 

com 

1475 

Jaws, role of anterior 
growth with 

lobe of 

reference 

pituitary gland in 
to teeth and mavxillae 

714 

Jelliffe, S. E Emil Kraepelin, the man and his 
work, *761 

Johnson, W. ¢ 

atrophy, *645 
Familial progressive muscular 

Karplus, I. P Influence of stimulation of hypo 
thalamus on activity of hypophysis, 968 

Katzenelbogen, S Distribution of calcium be 
tween blood and cerebrospinal fluid in sleep 
induced by diallyl-barbituric acid; experi 
mental study, *154 

Kennedy, F Acute intracranial edema compli 
cating otitis media, 1497 

Head injuries; effects and their appraisal 
evaluation of evidence, *811 

Kidney diseases, differential diagnosis of 
of brain; importance of considering 
hypertension with choked disk, *816 

Kino, F 

tumor 

renal 

Disturbances of reflexes in concussion 
of central nervous system, 966 

Kornblum, K Alterations in structure of sella 
turcica as revealed by roentgen ray, *305 

Kraepelin, Emil, the man and his work, *761 

Kraus, W. M Pulse 

muscular 

curve in case of pro 
gressive dystrophy, *1444 

Labyrinth: See Ear 

Lead, neuritis 
cance of 

from 
chemical 

arsenic and lead: signifi 
studies in diagnosis, *32: 

poisoning in children ; 

*294 
cerebral manifestations 

Le Blanc, F 
oxygen on 

Effect of carbon dioxide and 

catatonic 4 States, 252 

Lecinthin, effect on cerebral 1495 

histopathology of, 445 

cortex 

Lecithinoid degeneration 

Lenticular Nucleus, hepatic disease and brain 
pathogenesis of Wilson's disease and of 
pseudosclerosis, 439 

progressive pallidal degeneration, new clinico 
pathologic syndrome, *1 

Leprosy, lazarine, 211 

Lhermitte’s sign in multiple sclerosis, 227 

Light reflexes from membrana limitans interna 
of retina 158 
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Lindau disease, 2 cases, 210 

Lipase blood lipase, diastase and esterase in 
multiple sclerosis; possible index of liver 
dystunction, *367 

Liver disease and brain; pathogenesis of Wil- 
son's disease and of pseudosclerosis, 439 

function blood lipase, diastase and esterase 
in multiple sclerosis; possible index of liver 
dysfunction, *367 

treatment of disseminated sclerosis, 459 

Lowenberg, K Atypical diffuse sclerosis, *389 

Loman, J Action of certain drugs on spinal 
fluid and on internal jugular venous and 
systemic arterial pressures of man, *1226 

Inter | jugular venous pressure in man; its 
relationshiy to cerebrospinal fluid and 

rotid arterial pressures, *836 

Lomt o, significance of Lombroso for modern 
biologic criminology, 

Lufkin, H. M 
ind probabl 

449 

Sensation; depth 
identification in 

end-organs concerned in 

distribution 
prepuce of 
sensations 

0 temperature and touch; thermometric 
conductivity, *489 

Lu L. I Effect of carbon dioxide and 
( yen on catatonic states, 232 

McDonald, ©. A Syndrome of polyneuritis with 
facial diplegia, *79 

McGlone, B 
robable 

end 

Sensation ; depth, distribution and 
identification in prepuce of sensory 

organs concerned in sensations of tem 
perature and touch; thermometric conduc 
tivity, *489 

Sensation: mode of stimulation of cutaneous 
sensations of cold and warmth, *1031 

McKhann, ¢ F Lead poisoning in .children 
cerebral manifestations, *294 

therapy of neurosyphilis other than Malaria] 

nceomplicated dementia paralytica, 942 

Marshall, ¢ A release 
il stimulation of 

phenomenon in elec 

cerebral cor 

Mastoidit paralysis of abducens nerve accom 

panying case of mastoiditis; unusual form 
f Gradenigo’s syndrome, 723 

Matthae Functional representation in 
entral nervous system in experimental inter 

erence with organism, 477 

Principle of restitution in 

Meask toxic encephalopathy in, *1209 

Medulla oblongata, hemangioma in, 210 

ivenile dementia paralytica and combined 
ler« s of $56 

Méniére lisease See Vertigo, aural 

Meninge hemorrhage spontaneous subarach 
noid hemorrhage its relation to aneurysms 
of cerebral blood 

hemato-encephalic 

permeability of 

with 

vessels, *1080 

barrier, 949 

hemato-encephalic barrier il 

mental 1488 

barrier in patients 

ients diseases, 
permeability of meningeal 

vith mental disease during hyperthermia 
ind with experimental aseptic meningitis 
1s4 

tud of subarachnoid hemorrhage special 
tom complex of this lesion, 205 

syphilitic subarachnoid hemorrhages, 1480 

Meningitis See also Pachymeningitis 

den meningitis minor, 720 

irotid method of treatment, 1484 
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Meningitis—Continued 

meningococcic (later also staphylococcic) 
meningitis, low spinal subarachnoid block, 
abscess, laminectomy, recovery, 1483 

ocular form of 
meningitis, 447 

otitic, 703 

serous circumscribed basilar 

permeability of meningeal barrier in patients 
with mental disease during hyperthermia 
and with experimental aseptic meningitis 
1484 

treatment of meningococcus 

cisterna 
meningitis by 

puncture, 211 

Mental Defectives: See Feebleminded 

Mental Diseases: See also Insanity ; Psychoses ; 
etc 

physicochemic 
relation to 
during the 

al changes in pregnancy in their 
neural and mental disturbances 
gestation period, 442 

physicochemical factors in, 1481 

Mental hygiene in teacher-training 
in United States, 1494 

Merritt, H. H.: Epileptic convulsions of de- 
mentia paralytica; their relation to sclerosis 
of cornu ammonis, *138 

Lissauer’s dementia paralytica, clinical and 
pathologic study, *987 

institutions 

Microglia: See Neuroglia 

Migraine, sex ratio in, 

Minkowski, M 
968 

*1436 

Pathologic anatomy in epilepsy 

Moleen, G. A 

atrophy, *645 

Motility, 

Familial progressive muscular 

restitution of, 725 

Mount, H. T. R.: Intramedullary tumor of spinal 
cord and vascular lesion of cerebrum, *420 

Movement, amyostatic dyskinesias, 1473 

functional changes in disturbances of spatial 
functions in perception and 

movement in optic images and optic imagina- 
tion of movements, 437 

physiology and pathophysiology of coordina- 
tion, 432 

movement, 967 

Ww Psycholeptic attack in Muncie psychoses 

Muscles, extra ocular, effects of 
induced anesthesia of, 947 

organ, 

experimentally 

response to single end 708 

rigid progressive syndrome with spasm of 
forward 72: torsion, 723 

striated, influence of sympathicus on, 952 

Myasthenia, remissions and relapse associated 
with pregnancy in, 1494 

Myelitis, preanemic forms of funicular myelitis 
210 

Myerson, A.: Action of certain drugs on spinal 
fluid and on internal jugular venous and 
systemic arterial pressures of man, *1226 

Internal jugular venous pressure in man; its 
relationship to cerebrospinal fluid and 
carotid arterial pressures, *836 

Myopathy: See under Muscles 

Myotonia congenita in 2 siblings, 4 

Narcolepsy: Sée under Sleep 

Narcotics, indispensable uses of ; 
as substitute for narcotics, 

Nephritis, neuroretinitis associ 
phritis and hypertension 

psychotherapy 
1487 

ated with ne- 
» 
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Nerve, abducens, 
called accessory 

comparative anatomy of so 
abducens nucleus, 457 

1477 

ganglia 

centers, anglomatous tumors of, 

certain functions of roots and ft 
cranial sensory nerves, *22 

degeneration accompanying experimental 
poliomyelitis; histologic and functional 
analysis of normal somatic and autonomic 
nerves of monkey, *1070 

degeneration in poliomyelitis: vital staining 
methods with neutral red applied to nerve 
degeneration, *518 

distribution of branchial nerve in 
edulis and its relation to problem of 
vous control of ciliary activity, 455 

Mytilus 
ner- 

histologic structure of spinal roots, 1487 

hypoglossal, isolated paralysis of, 944 

initial and recovery heat production of verte- 
brate nerve, 449 

intracerebral vascular nerves, *30 

nasocililary, syndrome of nasal nerve, 713 

optic, arteriosclerotic disease of, 722 

optic atrophy without papilledema in tumor 
of frontal lobe complicated by hydro- 
cephalus, 1490 

optic, avulsion of both eyes and optic nerves 
by patient with post-encephalitic condition, 
1497 

optic, treatment of  tabetic 
atrophy with sulphur, 210 

optic, atrophy, unilateral, in cranial injuries 
in frontal region, 721 

paralysis of abducens nerve accompanying 
case of mastoiditis: unusual form ot 
Gradenigo’s syndrome, 723 

peripheral, anatomic and pathologic consid- 
erations, *58 

peripheral, degeneration and regeneration of, 
461 

optic nerve 

peripheral, validity of all-or-none law, 459 

sympathetic innervation of stomach; effect of 
stimulation of peri-arterial nerves on 
stomach and small intestine, 443 

action of bulbocapnine in 
various experimental lesions 

Nervous System, 
animals with 
of, 1499 

condition of vegetative nervous 
exophthalmic goiter and in 
sympathetic syndrome, 1483 

developmental defect and mixed 
central nervous system, 936 

functional representation in central 
system in experimental interference 
organism, 477 

influence of nervous system on regeneration 
in Nereis virens, Sars, 950 

investigation of nervous system as possible 
factors in regulation of ciliary activity of 
lamellibranch gill, 447 

system in 
basedowoid 

tumor of 

nervous 

with 

morphologic basis for restitution in central 
nervous system, 470 

response of single end organ, 708 

restitution, 725 

role of sympathetic nervous system in pro- 
duction of pain in head, *282 

Syphilis: See Syphilis 

trauma; disturbance of reflexes in concussion 
of central nervous system, 966 

tumors, histologic classification of 
central nervous system, *1281 

tumors of sheaths of, *1298 

Neuritis, arsenic and lead significance of 
chemical studies in diagnosis, *322 

multiple; carbon monoxide poisoning com 
plicated by multiple neuritis and unilateral 
parkinsonism, 1506 

tumors of 
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Neuritis 

multiple; syndrome of 
diplegia, *79 

optic; differential diagnosis of tumor of 
brain; importance of considering renal 
hypertension with choked disk, *816 

Continued 

wolyneuritis with facial 

optic ; intracranial tumor with unequal choked 
disk; relationship between side of greater 
choking and position of tumor, *828 

Neuroglia, experimental demonstration of mor- 
phologic and functional properties and 
mesodermal nature of microglia, 189 

head injuries; effects and their appraisal; 
role of microglia, *784 

histologic changes in brain in 
injury to head; reaction of 
oligodendroglia, *605 

cases of fatal 

microglia and 

brain in 
reaction of 

histologic studies of 
injury to head; 
rolgia, *1342 

in birds, 1489 

investigation on microglia and 
lia; degenerative changes, 721 

investigation on microglia and 
glia; vital staining, 715 

fatal 
neu- 

cases of 

oligodendrog- 

oligodendro- 

Neurology, neurologic problems in childhood, 

Neuro-psychiatry, have psychopathological con- 
cepts a practical value in neuro-psychiatry? 
719 

Neuroretinitis associated with 
hypertension, 952 

nephritis and 

Neuroses, guides to prevention and treatment 
of simpler neuroses, 458 

in mirror of time, 201 

Neurosomatic deterioration in epilepsy, *113 

Neurosyphilis: See Syphilis 

New-born infant, transection of spinal cord in 
new-born; case with autopsy and compari- 
son with normal cord at same age, *585 

Niemann-Pick’s Disease: See Brain, atrophy 

Night-blindness, 440 

clinical forms of acute 
logically classified, 457 

night-blindness etio- 

Nyctalopia: See Night-blindness 

Nystagmus, disorders of optic nystagmus ob- 
served in lesions of frontal lobe, 960 

Oberling, €.: Histologic classification of tumors 
of central nervous system, *1281 

Obesity, constitutional or endocrine, 1493 

OBITUARIES: 

von Economo, Constantin, 176 

Jakob, Alfons, 180 

Lloyd, J. H., 1264 

Ody, F.: Tumors of basal ganglia, *249 

Old age, neurology of old age, 1472 

O'Leary, J. L Nerve degeneration accompany- 
ing experimental poliomyelitis histologic 
and functional analysis of normal somatic 
and autonomic nerves of monkey, *1070 

Nerve degeneration in poliomyelitis: rate of 
depression and disappearance of components 
of conducted action potential in severed 
nerves; correlation with histologic degen- 
eration in groups of fibers responsible for 
various components, *1421 

Nerve degeneration in poliomyelitis 
staining methods with neutral red 
to nerve degeneration, *518 

vital 
applied 

Oligodendroglia See Neuroglia 
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Olkon, D. M Unique type of speech dis- 
turbance in epidemic encephalitis, *172 

Optic chiasm, certain pathologie conditions 
about chiasm with reference to pituitary 
adenomas, 196 

Organ jargon, 446 

Osteitis deformans; Paget's disease of cranium, 
22h 

fibrosa cystica of skull associated with 
hemianopia and psychotic symptoms, *45 

Osterberg, A. E Neuritis from arsenic and 
lead significance of chemical studies in 
diagnosis, *322 

Otitis media, acute intracranial edema compli 
cating otitis media, 1497 

Oxygen. effect of carbon dioxide and oxygen on 
catatonic states, 232 

Pachymeningitis, carcinomatous, report of case 
*425 

Paget's Disease of Bone: See Osteitis deformans 

Pain, influence of pain on human arterial pres 
sure 43 

role of sympathetic nervous system in pro- 
duction of pain in head, *282 

Pallidal system, progressive pallidal degenera- 
tion: new clinicopathologic syndrome, *1 

Palmer H. D.: Ephedrine circulatory and 
glycemic reactions in psychoses, *159 

Osteitis fibrosa cystica of skull associated with 
hemianopla and psychotic symptoms, *45 

Papilledema: See Neuritis, optic 

Paralysis brachial plexus, following serum 
therapy for diphtheria, 944 

family periodic paralysis, report of case, 220 

general, case of taboparesis treated by hyper 
pyrexia induced by hot baths, 458 

general. dementia paralytica and symmetrical 
gangrene, 448 

general, epileptic convulsions of dementia 
paralytica; their relation to sclerosis of 
cornu ammonis, *138 

general juvenile dementia paralytica and 
combined sclerosis of medulla, 456 

general, Lissauer’s dementia paralytica, 
clinical and pathologic study, *987 

general, pyrexial treatment with sulfosin, 447 

general, question of iron in, on basis of 
comparative histopathologic investigations, 
1475 

general, small foci of demyelinization in cor 
tex and spinal cord in diffuse sclerosis ; their 
similarity to those of disseminated sclerosis 
and dementia paralytica, *1380 

general, tabetic form with tremor and con- 
tracture, 228 

isolated, of hypoglossal nerve, 944 

Paresis See Paralysis, general 

Parkinsonism, carbon monoxide poisoning com 
plicated by acute toxic psychosis’ with 
catatonic features and later by parkin- 
sonism and sensory aphasia, 1507 

carbon monoxide poisoning complicated by 
multiple neuritis and unilateral parkinson 
ism, 1506 

Peczenik, O Influence of stimulation of hypo- 
thalamus on activity of hypophysis, 968 

Pellagra, chemical nature of pellagra toxin and 
thiosulphate treatment of, 1480 

Penfield. W Intracerebral vascular nerves 

Tumors of sheaths of nervous system, *1298 

VOLUME 2 

Peptic ulcer, chronic, neurogenic factor in, 939 

recurrent hyperthyroidism, neurocirculatory 
asthenia and peptic ulcer, 938 

Pette, H.: 

Phenol, treatment of tetanus of intrathecal in- 
jection of, 204 

Experimental poliomyelitis, 974 

Phenyl-ethyl-hydantoin in chorea, 454 

Physostigmine salicylate in exophthalmic goiter, 
935 

Pick’s Disease: See Brain, atrophy 

Pitfleld, R. L.: William Blake: ‘“‘mad’”’ Blake 
and his tree full of angels, 953 

Pituitary Body, certain pathologic conditions 
about chiasm with reference to pituitary 
adenomas, 196 

comparison of capacity of anterior-hypo- 
physeal tissue of mature and immature 
female rabbits to induce ovulation, 1496 

influence of stimulation of hypothalamus on 
activity of hypophysis, 968 

role of anterior lobe in growth, with refer- 
ence to teeth and maxillae, 714 

tumors in pituitary area; neurologic symp- 
toms, 1469 

Pituitary Preparations, concerning possible 
“parasympathetic center’ in diencephalon, 
95 

counteractive effect of tribromethanol (aver- 
tin) on stimulatory response to pituitrin in- 
jected in ventricle, 195 

method of action of pituitrin introduced in- 
to ventricle, 194 

neurohypophysis and erection, 459 

Pituitrin: See Pituitary Preparation 

Poliomyelitis, experimental, 972, 974 ‘2, 

is poliomyelitis a disease of lymphatic sys- 
tem? 711 

nerve degeneration in histologic and func- 
tional analysis of normal somatic and auto- 
nomic nerves of monkey, *1070 

nerve degeneration in; rate of depression 
and disappearance of components of con- 
ducted action potential in severed nerves: 
correlation with histologic degeneration in 
groups of fibers responsible for various 
components, *1421 

nerve degeneration in vital staining methods 
with neutral red applied to nerve degen- 
eration, *518 

treatment of, 933, 1479 

Pollock, L. J.: Role of sympathetic nervous 
system in production of pain in head, *282 

Polyneuritis: See Neuritis, multiple 

Pons varolii, congenital hypoplasia of olivo- 
pontocerebellar tracts, *1402 

Post-graduate course in neurology and psychi- 
atry, Vienna, 760 

Potter, H. W.: Clinical approach to problem 
of mental deficiency, 954 

Pregnancy, physicochemical changes in preg- 
nancy in their relation to neural and men- 
tal disturbances during gestation period, 
442 

remissions and relapses associated with preg- 
nancy in myasthenia, 1494 

vomiting of pregnancy ; 
208 

vestibular function, 

Premature infants, mental and physical de- 
velopment of children prematurely born, 
210 

Protein, practical and theoretical significance 
of protein determinations in cerebrospinal 
fluid in neurologic cases, 444 
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Psammoma, case of choroid 
in right lateral ventricle, 

plexus 
441 

psychology, 

psammoma 

Psychiatry and abnormal 197 

psychiatric points of view on children’s prob- 
lems, 481 

Psychic disturbances in somatic diseases, 1486 

Psychoanalysis and medicine, 1493 

Psychochemistry : some physicochemical factors 
in mental disorders, 1481 

Psycholeptic attack in psychoses, *352 

Psychology, abnormal psychology and _ psychi- 
atry, 197 

Psychoneuroses, comparative study of sedatives 

employed in psychoneuroses, 956 

Mental Psychoses See 
eases etc 

also Insanity Dis- 

carbon monoxide poisoning complicated by 
acute toxic psychosis with catatonic fea- 
tures and later by parkinsonism and sen 
sory aphasia, 1507 

ephedrine circulatory and glycemic reactions 
in psychoses, *159 

psycholeptic attack in psychoses, *352 

sulphur, turpentine and alepol injections in 
persistent psychoses, 451 

Psychotherapy as substitute for narcotics, 1487 

Pulse curve in case of progressive muscular 
dystrophy, *1444 

rate. behavior of pulse rate, pulse volume 
and blood pressure normally and under 
influence of diathermy on brain 
and in catatonic persons, 452 

Pupils, Argyll Robertson pupils true and false 
943 

in normal 

reflex See Reflexes, pupillary 

Pyramidal tract, postoperative result of chronic 
right-sided hematoma with ipsolateral 
pyramidal tract signs, 219 

restitution in interruption of, 729 

Wartenberg pyramidal tract sign, 450 

Ramisection, results of sympathetic ganglion 
ectomy and ramisectomy for chronic arthri 
tis, 721 

tand, C. W Histologic changes in brain in 
cases of fatal injury to head: reaction of 
microglia and oligodendroglia, *605 

Histologic studies of brain in cases of fatal 
injury to head; reaction of classic neu 
roglia, *1342 

Read, C. F Multiple sclerosis with Lher 
mitte’s sign, 227 

Reflex, Babinski reflex in monkey, baboon and 
chimpanzee, 959 

disturbances of reflexes in concussion of cen 
tral nervous system, 966 

reflex response latencies in manic and de 
pressive cases of cyclothymic group and 
in cases of catatonic stupor of schizo 
phrenic group, *687 

retained pupillary reactions with no percep 
tion of light, 200 

Respiratory movements, localizing significance 
of impaired respiratory movements in le 
sions of spinal cord, 1494 

Retina as nervous center, 936 

efficacy and diagnostic importance of vaso 
dilators in angiospasm of retinal artery, 
with reference to acetylcholine, 460 

glioma of retina including results of studies 
with silver impregnations, 187 

inferior hemianopia from 
and i angiospasm, $45 

retinal embolism 

VOLUME 27 

Retina—-Continued 

light reflexes from membrana limitans in- 
terna of, 458 

retinal arterial tension in certain cerebral 
syndromes, 207 

retinal blood pressure in patients with gen- 
eral arterial hypertension, 454% 

Retinitis pigmentosa with rigidity, *1 

Rickets, induction of tetany in rachitic rats 

by means of a normal diet, 722 

Robinson G Encapsulated brain 

hemorrhages, frequency and ithology, 

*1441 

Roller’s nucleus, 211 

Roussy, G Histologic classification f tumors 
of central nervous system, *128] 

Sachs, B., First International Neurological 
212 

Thomas W 

Congress, 

Salmon, memorial lecture 

Scarlet fever, neurological complications of 

serum treatment with report of ise, 1476 

Scheffer I H Toxic encep! pathy in 
measles, *1209 

Scheftel, Y Two brain tumors, 1504 

Schilder’s Diseas¢ See under Encephalitis 

Schiller M. A Case of Page lisease f 

cranium, 226 

Schizophrenia: See Dementia praecox 

Schwartz, L A Osteitis fibrosa vstica of 

skull associated with hemianopia ind 
psychotic symptoms, *45 

Sclerosis, amyotrophic, lateral Clinical and 
pathologic contribution, 1482 

amyotrophic lateral, with mental symptoms 
clinicopathologic study, *859 

blood lipase, diastase and esterase in mul 
tiple sclerosis; possible index of liver dys 

function, *367 

diffuse, atypical, *389 

disseminated, intracellular parasi figures 
in, 206 

disseminated, treatment by liver, 45% 

juvenile dementia paralytica a1 bined 
sclerosis of medulla, 456 

multiple cerebral spinal angiospasms simu 
lating multiple sclerosis, 1495 

multiple, changes in nerve fibers in, 4453 

multiple, inflammatory manifestations in, 206 

multiple, serologic study of, *375 

multiple, with Lhermitte’s sign, 227 

problem of encephalomyelitis and multiple 
sclerosis, 970 

small foci of demyelinization in cortex and 
spinal cord diffuse sclerosis their 
similarity to those of disseminated scler 

osis and dementia paralytica, *1580 

Scotoma, bitemporal paracentral scotoma, 716 

Sedatives, comparative study of sedatives em 
ployed in psychoneuroses, 956 

Sella Turcica: See also Pituitary Body 

alterations in structure as revealed by roent 
gen ray, *305 

Sensation, depth, distribution ind = probable 
identification in prepuce of sensory end 

organs concerned in sensations of tempera 
ture and touch; thermometri onductivity, 

studies mode of stimulation ot itaneous 

sensations of cold and warmth, *1051 
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Serun treatment, neurological complications, 

with report of case, 1476 

Sexual function; neurohypophysis and erection, 

perversions in animals, 948 

Shelden, W. D Neuritis from arsenic and 
lead significance of chemical studies in 

diagnosis, *322 

Shlionsky H Chronic progressive chorea; 
pathogenesis and mechanism; histopatho 
logic study, *906 

Skin, cutaneous sensory thresholds in normal 
conditions and during cortical stimulation 
and fatigue, 208 

nerve endings in skin of hand, 435 

role played by cutaneous senses in spatial 
perceptions, 1488 

studies in sensation; mode of stimulation of 
cutaneous sensations of cold and warmth, 
*1031 

Sleep, clinical researches in narcolepsy, 951 

Sleeper, F. H Blood pressure 
$299 

n schizophrenia, 

Smallpox vaccination, septicemia and encepha- 
litis in relation to vaccination, 1495 

society, American Neurological Association, 427 

American Orthopsychiatric Association, 427 

renth International Congress of Psychology, 

175 

TRANSACTIONS 

Chicago Neurological Society, 226, 1504 

First International Neurological Congress, 212 

German Neurological Society, 461, 725, 966 

Los Angeles Society of Neurology and Psy 

chiatry, 451 

New York Academy of Medicine, Section of 
Neurology and Psychiatry and New York 
Neurological Society, 219, 1497 

New York Neurological Society, 957 

Philadelphia Psychiatric Society, 953 

Sodium bromide, distribution of bromides and 

chlorides in blood of dogs following oral 

idministration of sodium bromide, 950 

Solomon A P Case of carbon monovxide 

poisoning complicated by acute toxic psy 

chosis with catatonic features and later by 
parkinsonism and sensory aphasia, 1507 

Carbon monoxide poisoning complicated by 
multiple neuritis and unilateral parkin 
sonism, 1506 

Space perception, rdle played by cutaneous 
senses in spatial perceptions, 1488 

Spatz, H Morphologic basis for restitution in 
central nervous system, 470 

Speech defects, motor development of children 

suffering from stammering; neuropsychiatric 
problems of adolescence, 951 

effects of total removal of left temporal lobe 
in right-handed person ; localization of areas 
of brain concerned with speech, 221 

unique type of speech disturbance in epidemic 
encephalitis, *172 

Spinal Cord See also Meninges ;: Nervous System 

extradural ventral chondromas ; favorite sites ; 

spinal cord and root symptoms they produce 
and surgical treatment, 224 

heteroplastic transplantations of embryonic 
spinal cord segments in amblystoma, 946 

intramedullary tumor of spinal cord and vas 

ilar lesion of cerebrum, *420 

localizing significance of impaired respiratory 

novements in lesions of, 1494 

VOLUME 27 

Spinal Cord—Continued 

pathology of spinal disease in affections of 
vertebral column, 1478 

recurrence of tumors in spinal cord, 946 

restitution in interruption of, 728 

small foci of demyelinization in cortex and 
spinal cord in diffuse sclerosis; their simi- 
larity to those of disseminated sclerosis and 
dementia paralytica, *1380 

transection of spinal cord in new-born; case 
with autopsy and comparison with normal 
cord at same age, *585 

tumors involving cauda equina; review of 
clinical features and differential diagnosis, 
193 

Spinal Puncture, atlanto-occipital puncture: 
comparative value of cisternal and lumbar 
puncture, 718 

Spine, assimilation of atlas and compression of 
medulla: clinical significance and pathology 
of torticollis and localized chronic arthritis 
deformans of spine, 710 

crush fractures of, manipulative reduction of, 
951 

pathology of spinal disease in affections of 
vertebral column, 1478 

Spondylitis deformans, 709 
syphilitic, 2 cases, 1491 

Springlova, M Lissauer’s dementia paralytica, 
clinical and pathologic study, *987 

Staining, investigation on microglia and oligo 
dendroglia ; vital staining, 715 

rapid and permanent method for staining 
myelin sheaths, 713 

Stammering See under Speech 

Status marmoratus, rigid progressive syndrome 
with spasm of forward torsion, 723 

Sievenson, L. D Head injuries; effects and 
their appraisal; réle of microglia, *784 

Stomach, sympathetic innervation of stomach; 

effect of stimulation of peri-arterial nerves 
on stomach and small intestine, 443 

Stratissler, E. Problem of encephalomyelitis 
and multiple sclerosis, 970 

Strauss, I Spontaneous subarachnoid hemor 
rhage, relation to aneurysms of cerebral 
blood vessels, *1080 

Stuttering: See under Speech 

Subarachnoid Space: See Meninges 

Sulfosin, pyrexial treatment of G. P. I. with, 447 

Sulphur, turpentine and alepol injections in per 
sistent psychosis, 451 

Syphilis, lymphocyte reaction in blood picture 
of syphilis and metasyphilis, and its sig 
nificance for pathogenesis and therapy, 460 

malarial therapy of neurosyphilis other than 
uncomplicated dementia paralytica, 942 

prognostic import of negative spinal fluid in 
early and latent syphilis, 1495 

subarachnoid hemorrhages due to, 1480 

unusual cases of syphilis of nervous system 
clinicopathologic study, *881 

Tabes dorsalis, treatment for tabes, 977 

Taylor, E. W Syndrome of polyneuritis with 
facial diplegia, *79 

Teeth, rdle of anterior lobe of pituitary gland in 
growth, with reference to teeth and maxillae, 

7i4 

Tegmental tract, central, 1491 
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Temperature; depth, distribution and probable 
identification in prepuce of sensory end 
organs concerned in sensations of tempera 
ture and touch; thermometric conductivity, 
*489 

Tetanus, treatment by intrathecal injection of 
earbolic acid, 204 

Tetany, human tetany, 452 

induction of tetany in rachitic rats by means 
of normal diet, 722 

Thyroid, hyperthyroidism; blood pressure before 

and after operation in, 455 

recurrent hyperthyroidism, neurocirculatory 
asthenia and peptic ulcer, 938 

Tic douloureux, certain functions of roots and 
ganglia of cranial sensory nerves, *22 

Torticollis, assimilation of atlas and compression 
of medulla, clinical significance and pathol- 
ogy of torticollis and localized chronic 
arthritis deformans of spine, 710 

Touch; depth, distribution and probable identi- 
fication in prepuce of sensory end-organs 
concerned in sensations of temperature and 
touch; thermometric conductivity, *489 

Transplantations, heteroplastic, of embryonic 
spinal-cord segments in amblystoma, 946 

Transvestism or eonism, 209 

Travis, L. E.: Reflex response latencies in manic 
and depressive cases of cyclothymic group 
and in cases of catatonic stupor of schizo- 
phrenic group, *687 

Tribromethanol, avertin anesthesia in neurologic 
surgery, 932 

counteractive effect of tribromethanol (avertin) 
on stimulatory response to pituitrin injected 
in ventricle, 195 

Tryparsamide therapy, 945 

Tuber Cinereum: See Hypothalamus 

Tuberculosis and dementia praecox, 449 

Tumor: See Cancer; and under names of organs 
and regions, i. e., Brain, tumors; Nervous 
System, tumor ; etc. 

Turpentine, sulphur, and alepol injections in 
persistent psychosis, 451 

Twins, mongolism in one of twins, 724 

Uitra-violet light, examination by ultra-violet 
light, 452 

Urine, alkali reserve of blood and_ urinary 
hydrogen ion concentration in epileptic per- 
sons during and between convulsive seizures, 
450 

Vaccination, Encephalitis following: See under 
Encephalitis 

Vasomotor system: angiospasm, efficacy and 
diagnostic importance of vasodilators § in 
angiospasm of retinal artery with reference 
to acetylcholine, 460 

inferior hemianopia from retinal embolism 
and anglospasm, 945 

mechanism of vasodilatation following stimu 
lation of antidromic nerves, 1496 

multiple cerebral spinal angiospasms simu 
lating multiple sclerosis, 1495 

VOLUME 2 

Vein, internal jugular venous pressure in man 
relationship to spinal fluid and carotid 
arterial pressures, *836 

jugular; action of certain drugs on Spinal 
fluid and on internal jugular venous and 
systemic arterial pressures of man, *1226 

Ventriculography: See under Brain 

Vertigo, aural; phenomena of Méniére’s dis- 
ease 72 

Vision, diagnostic scales of 1 degree and 0.17 

degree form field stimuli for 8 principal 
meridional quadrants taken separately, 

hallucinations in hemianopic visual field, 438 

Vomiting of pregnancy; vestibular function, 208 

Wartenberg, R.: A cerebellar symptom, 972 

Watkins. H M Diagnosis, treatment and 
training of feebleminded, 954 

Wechsler, IL 8S Amyotrophic lateral sclerosis 
with mental symptoms clinicopathologi 
study 

Weil, A Serologic study of multiple sclerosis 

Weiss, B. P Comparative study of sedatives 
employed in psychoneuroses, 956 

von Weizsaicker: Functional changes in dis- 
turbances of spatial functions in percep- 
tion and movement, 967 

Wertham, F.: Small foci of demyelinization in 
cortex and spinal cord in diffuse sclerosis: 
their similarity to those of disseminated 
sclerosis and dementia paralytica, *1380 

Williams, R. G.: Sensation; depth, distribu- 
tion and probable identification in prepuce 
of sensory end-organs concerned in sen- 
sations of temperature and touch; ther- 
mometric conductivity, *489 

Wilson's Disease: See under Lenticular nu- 
cleus 

Winkelman, N. W.: Progressive pallidal de- 
generation; new clinicopathologic = syn- 
drome, *1 

Unusual cases of syphilis of nervous system 
clinicopathologic study, *&881 

Wortis, 8S. B.: Head injuries; effects and 
their appraisal; experimental studies of 
induced convulsions and ventricular distor 
tion in cat, *776 

Wright, F.: Colloidal states of blood, 230 

Wry-neck See Torticollis 

Xanthoma diabeticorum, acromegaly with dia- 
betes mellitus and xanthoma diabeticorum 

Yakoviev, P. I.: Neurosomatic deterioration in 
epilepsy; clinicopathologic contribution to 

concept with report of 2 cases, *115 

Yaskin, J. C.: Primary fibroblastoma of brain 

*270 

Zabriskie, E. G Family periodic paralysis 
report of case, 220 

Zimmerman, H. M.: Congenital hypoplasia of 
jlivo-pontocerebellar tracts, *1402 
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APPALACHIAN HALL 
ASHEVILLE NORTH CAROLINA 

An Institution 

for 

REST 

and Treatment of 

NERVOUS and 

MENTAL DISEASES, 

ALCOHOLISM 

and 

DRUG ADDICTION 

iffin, M.D. Wm. Ray Gr M. A. Griffin, M.D. 

Appalachian Hall wishes to announce that it has recently acquired and is now occupy- 

ing the former Kenilworth Inn as its new sanatorium. The Inn, one of the finest 

resort hotels in the United States, was erected at a cost of more than a million 

dollars and furnished at a cost of three hundred thousand dollars. Therefore the new 

Appalachian Hall has every luxury to offer patients. Private rooms or rooms in suite. 

Three separate wings of four stories each afford ample facilities for the classification of 

patients and the separation of men and women. Appalachian Hall is situated in a beau- 

tiful park with views unexcelled in America. 

Climate ideal, summers cool, winters mild. Those desiring a place for complete rest 

under medical supervision and those who wish a change for recreation will find here 

everything available for their needs and comfort. Physiotherapy, occupational therapy, 

gymnasium, etc. Outdoor sports include hiking, volley ball, tennis, golf, horseback 

riding, etc. Five beautiful golf courses; all within five to ten minutes of Appalachian 

Hall are available to patients. 

Round trips to the famous Chimney Rock, Mt. Mitchell—highest peak east of the 

Rockies—Mt. Pisgah, The Great Smoky Mountains National Park, can be made easily 

within a day, over paved roads through the most beautiful natural scenery in the 

world. 

Resident physicians on duty at all times. A corps of graduate nurses, especially trained 

for this work, together with a training school for nurses are important features of 

the institution. 

For rates and further information write 

APPALACHIAN HALL, ASHEVILLE, N. C. 
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The LIVERMORE SANITARIUM | 
LIVERMORE, CALIFORNIA 

For the Treatment of Nervous and Mental Diseases 

The Hydropathic Department, for nervous and general patients 
near Oakland and San 

all year around; large beautiful grounds; gymnasium and outdoor athletic department: 
vocational department; clinical laboratory; large trained 

suitable 

ment, for mental patients. Features: 

two hydropathic departments; 
nursing force. Rates include 
routine examinations. 

room, 

Clifford W. Mack, M.D., Superintendent 

; the Cottage Depart- 
Francisco; ideal climate 

diet, medical care, general nursing and 

Consulting—Dr. J. W. Robertson 

LAWS AND BOARD RULINGS 
Regulating the Practice of Medicine 

A convenient hand hook giving for each state 
and territory practically every essential fea- 
ture in its medical laws and regulations. It 
covers the subjects of regulation of medical 
practice, requirements for licensing, condi- 
tions for granting reciprocity, names and 
addresses of licensing board members, exam- 

252 pages. Paper cover. 

in the United States and Elsewhere 

ination dates Included also is a ‘list of 

with complete as to 
entrance requirements, A. M. A. classification, 
standing in the various states, etc. 
In a separate section is a list of foreign med- 
ical colleges and brief statements concerning 
requirements to practice in foreign countries. 

Price, $1.00 

medical colleges data 

AMERICAN MEDICAL ASSOCIATION, 555 North Dearborn Street, Chicago 

Things You Want Your 

Patients to Know 
are published in the popular and readable pages of 

HYGEIA 
The Health Magazine 

This is the magazine that 
the American Medical As- 
sociation prints for lay 
readers. It deals with 
health habits, exercise, diet, 
beauty culture, child train- 
ing and sanitation from the 
point of view of sound ex- 
perienced professional 
writers. 

$3.00 

per year 

HYGEIA is attractively 
printed and profusely illus- 
trated and is ideal for the 

doctor’s waiting room. It 

establishes a friendly con- 
tact on the matters most 

important to patient and 

physician. 

AMERICAN MEDICAL ASSOCIATION 
535 N. DEARBORN ST., CHICAGO, ILL. 



KENILWORTH SANITARIUM 
KENILWORTH, ILL. (Northern Suburb of Chicago) 

Founded by Sanger Brown, M.D., 1905 

Built and equipped for treatment of mental and nervous diseases. Over ten acres of well 
parked and landscaped grounds. Supervised occupational and recreational activities. Handi- 
craft. Elegant appointments. Bathrooms en suite. 

James M. Rossins, M.D., Medical Director. 

Joun G. Henson, M.D. CuHRIsty BROowN 
Assistant Physician Business Manager 

PETER Bassoez, M.D., Consulting Physician 

All correspondence should be addressed to Kenilworth Sanitarium, Kenilworth, Ill. 

WESTWOOD LODGE 
A IDERN private sanatorium within fifteen miles of Boston, for the 

# ¥ treatment of nervous and mild mental diseases; also for those in need 

of rest under medical supervision. Separate buildings make possible a 

satisfactory grouping of patients. The buildings, which include one devoted 

exclusively to occupational therapy, are surrounded by over one hundred 

acres comprising woodlands, gardens and pine groves. 

WILLIAM J. HAMMOND, M.D., Superintendent WESTWOOD, MASS. 
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A Dependable Guide Book 
to the Newer Drugs 

What are its merits? Is it safe 
to prescribe? How does it act? 
The answer to your questions con- 
cerning the newer medicinals may 
be found in NEW AND NONOF- 
FICIAL REMEDIES. This reli- 
able little volume, published yearly, 
lists and describes all articles that 
have been investigated and stand 
accepted by the Council on Phar- 
macy and Chemistry of the 
American Medical Association. 
Descriptions of accepted articles 
cover composition, therapeutic 
action, dosage, chemical and phys- 
ical properties, tests for identifica- 
tion and control, and manufacturers 
of medicinals listed. 

NEW AND NONOFFICIAL 
REMEDIES will bring many note 
worthy drugs to your aid and at the 
same time protect you against 
fraud and unwarranted claims. 
Supplements issued during the year 
keep the book up to date. Bound 
in dark green cloth. More than 
500 pages. Price, including sup- 
plements, $1.50. 

CONTENTS 
Official Rules of the Coun- 

ceil. Describes basis on 

which preparations are 

considered. 

Description of Accepted 
Preparations (including 
Vedicinal Foods). Arranged 

alphabetically by classes. 

General Index of all Ac- 

cepted Preparations. 

Index of Distributors. List- 
ing under the firm name 

those products which stand 
accepted. 

Bibliographical Index to 

Products Not Accepted. 
References to articles on 

such preparations which 

have appeared in The Jour- 

nal and other publications. 

List of “Exempted” Articles. 
Preparations examined by 

the Council and found not 
to require acceptance or 

rejection under its rules. 

AMERICAN MEDICAL ASSOCIATION, 535 N. Dearborn St., Chicago 

| 

it 

| i 

i 
i 

| 

- 

| 

| | 

| | 

| | 

| | 

| 

i | 



PEECH DEFECT 
are usually correctable. All kinds of speech defects are being successfully 
treated. Individual instruction. Write for descriptive booklet, or send $2 for 
textbook, “Stammering and Its Treatment.” 

SAMUEL D. ROBBINS, Director, Boston Stammerers’ Institute 
419 Boylston St., Boston, Mass. 

For Nervous and Mental Diseases, Alcoholic, Drug Addicts 
and Invalidism Under State License EPILEPSY ARE RECEIVED 

RIVER CREST SANITARIUM BELLE MEAD FARM COLONY 
Astoria, Queensboro, New York City AND SANATORIUM 

A home-like private retreat overlooking N. Y. city, Belle Mead, N. z, 

in a beautiful park. Easily accessible by dual rapid A beautiful, quiet country home, foot of Watchung 
transit lines Thorough classification and modern Mountains, on the P. and R. R. R., about one and a 

scientific treatment. <\musements, Arts a ™ 500 acre stock farm, outdoor and indoor occupa- 
Shop, etc. tional methods, arts and crafts shop; amusements; 

Reasonable rates scientific treatment and classification. 

WM. ELLIOTT DOLD, M.D. Rates very low WARD SAMPSELL, M.D. 
Physician in Charge JOHN CRAMER KINDRED, M.D. 

Telephone Astoria 8-0820 Telephone Belle Mead 21 Medical Directors 

JOHN JOSEPH KINDRED, M.D., Founder and Consultant 
N. Y. City Office 666 Madison Ave. City Telephone Regent 4-4729 

“INTERPINES” 
GOSHEN, N. Y. 

PHONE 117 

| ETHICAL—RELIABLE—SCIENTIFIC 
Disorders of the Nervous System 

BEAUTIFUL—QUIET—HOMELIKE—WRITE FOR BOOKLET 

F. W. SEWARD, M.D, F. T. SEWARD, M.D. C. A. POTTER, M.D. 
Director Resident Physician Resident Physician | 

WOODCROFT HOSPITAL Pueblo, Colo. A Modern 
| Newly Constructed 

for the 

Scientific Care 
and Treatment of 

Those Nervously 
and Mentally III 

the Senile 

and Drug Addicts 
- Crum Epler, M.D., Superintendent 
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JAS. K. HALL, M.D. O. B. DARDEN, M_.D., Associate PAUL V. ANDERSON, MD, 

P. G. HAMLIN, M.D., Associate 

Westbrook Sanatorium 
RICHMOND, VIRGINIA 

The sanatorium is a private institution of 135 beds, located in the Ginter Park suburb, 
midway between trolley lines, within ten minutes ride of the heart of the city, and on 
the Richmond-Washington National Automobile highway. Midway between the North 
and the distant South, the climate of this portion of Virginia is almost ideal. Nearby 
are many reminders of the civil war, and many places of historic interest are within easy 
walking distance. 

The plant consists of twelve separate buildings, nervous and mental disorders, alcoholic and drug 
most of which are new, located in the midst of a habituation. Every helpful facility is provided for 
beautifully shaded fifty-acre lawn, surrounded by these purposes, and the institution is well equipped 
a hundred and twenty-acre tract of land. Remote- to care for such patients. It affords an ideal place 
ness from any neighbor assures absolute quietness. for rest and up-building under medical supervision. 

Five physicians reside at the sanatorium and devote 
The large number of detached buildings makes their entire attention to the patients. A chartered 

easy the satisfactory and congenial grouping of training school for nurses is an = ao part of 
patients. Separate buildings are provided for men the institution in providing especially equipped 
and for women. _ Rooms may be had single or en nurses—both men and women—for the care of the 
suite, with or without private bath. A few cot- patients. 
tages are designed for individual patients. 

The buildings are lighted by electricity, heated Systematized out-of-door employment constitutes 
by hot water, and are well supplied by baths. an important feature of the treatment. Wonderful 

The water supply for the entire institution is work in the arts and crafts is carried on under a 
derived from an artesian well on the grounds, of ‘*ained teacher. There are bowling, tennis, croquet, 
approved therapeutic value. illiards and pool 

The scope of the work of tl anatorium is r} he sanatorium maintaitr its own truck farm, 
limited t the diagnosis and lait nd poultr 

Illustrated Booklet on Request 
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