


ARCHIVES OF

NEUROLOGY A» PSYCHIATRY

EDITORIAL BOARD

TRACY J. PUTNAM, Chief Editor
710 West One Hundred and Sixty-Eighth Street, New York 32

LOUIS CASAMAJOR, New York CHARLES D. ARING, Cincinnati
STANLEY COBB, Boston i . ADOLF MEYER, Baltimore
JOHN WHITEHORN, Baltimore- BERNARD J. ALPERS, Philadelphia

PERCIVAL BAILEY, Chicago
WILDER PENFIELD, Contributing Memh_er, Monfireal

Vorume 53

1945

PUBLISHERS
AMERICAN MEDICAL ASSOCIATION
CHICAGO, ILIL.






CONTENTS OF VOLUME 53.

JANUARY 1945. NUMBER 1
. PAGE ~

Intraspinal Lipomas: Report of Cases; Review of the Literature, and Clinical and Patho-
logic Study. George Ehni, M.D., and J. Grafton Love, M.D,, Rochester, Minn...... 1

Phenomenon of Visual Extinction in Homonymous Fields and Psychologic Principles
Involved. Lieutenant Commander M.. B. Bender, MC(S), U.S.N.R., and Commander

1. T. Furlow, MC(S), U SN R ..ttt ittt ieeeiire st iimtsaaraaans 29
Mental Symptoms Following Head Injury: A Statistical Analysis of Two Hundred Cases.

Alexandra Adler, M.D., Boston......... T 34
Delirium: III. Electroencephalographic Changes ‘Associated with Acute Alcoholic Intoxi-

tation. George L. Engel, M.D., and Milton Rosenbaum, M.D., Cincinnati.......... 44
Action of Barbiturates on the Cerebral Cortex: Electroencephalographic'Studies. Mary

A. B. Brazier, Ph.D., and’ Jacob E. Finesinger, M.D., Boston...................... 51 -
Encephalitis Associated with Herpes Zoster: Report of a Case. Sigmund Krumbholz,

M.D., and Joseph A. Luhan, M.D., ChiCago. .. ceuovuienerneennenarueeeneenrenannnns '59
Chronic Chloroform Poisoning : Clinical and Pathologic Report of a Case. Gert Heilbrunn,

M.D.; Erich Liebert, M.D., and Paul B. Szanto, M.D., Chicago................... 68
Obituaries : )

Graeme Monroe Hammond, M. D . ... i e e 73
Abstracts from Current Literatlre. vt vr ettt ettt i teeteaesnnennasenen 74

Society Transactions:

.

New York Academy of Medicine, Section of Neurology and Psychiatry, and New

York Neurological SOCIety..e e ie ettt it ee e i tteeeseeanrennns 79

THIN015 PSyChIatric SOCIEEY . v vttt ie s et ettt et e et e 84
Chicago Neurological SOCIe Y. ...ttt ettt e e e ettt eaaaenns 87
Book Revxews‘ ........................... 30
News and Comment.........coiieeiniianennnn.. e A SRR 90

FEBRUARY 1945. NUMBER 2

Blood Supply of the Nerves of the Upper Limb in Man. Sydney Sunderland, Melbourne
AUSEERIA o vt e ee e e e e e e e e e e e e e e e e e 91

Interpretation of Findings in the Cerebrospinal Fluid: I. The Dementia Paralytica
Formula and the Necessity of Its Quantitative Differentiation. Carl Lange, M.D.
and Albert H. Harris, M.D., AIbany, No Yeurreorrennrr oo .16

Prefrontal Lobotomy in Treatment of Chronic Psychoses, with Special Refe
Section of the Orbital Areas Only. ILeopold Hofstatter, M.D.; I%dmund A.rglxgiliffg

M.D., and Anthony K. Busch, M.D., St. Louis........ooiiviiiiiiiin e, 125
Meningioma Obstructing the Foramen Magnum. A. E. Bennett, M.D., and A. Fortes

M.D., OMAR2. . meee e, B ' 131
Divergence Paralysis and Head Trauma. Nathan Savifsky, M.D. d i

M.D., NeWw VOrK.--nnnumeurrssseeennnnnnn. e anM J .Iﬁl.%(%?nmk' 135

Electroencephalographic Evaluation of Primary Behavior Disorders in Chi
I ) - ) . ildren: Correla-
tions with Age, Sex, Family History and Antecedent Illness or Injury. Jacqucge g.

Gottlieb, M.D., Iowa City; Lieutenant (jg) John R. Knott, H-V
M. Coulson Ashby, M.A., Iowa City.....g...J .......... no, H(S), USNR, and 138

Subdural Suppuration Originating in Purulent Leptomeningiti E i
Ann Pollak, M.D., and Alfred Angrist, MID., Jamaica. lﬁsyugenespltz MD:; 144

il



*

iv CONTENTS OF VOLUME 53

FEBRUARY—Continued
) . PAGE

Hyperthermia Following Injury of the Preoptic Region: Report of a Case. Major Lindsay
E. Beaton and Major Jess D. Herrmann, Medical Corps, Arnty of the United States.. 150

Minor Notes: )
Detection of Latent Extensor Plantar. Reflex. Alfred Gordon, M.D., Phil.adelphia... 152

Abstracts from Current Literature........ B 153

Society Transactions:

.

Philadelphia Psychiatric Society....................: ............... e 159
' Philadelphia Neurological Scciety.....oovovieeniiiiieeiinnnnnnn. I 161
News and Comment.......cocvvevnnennnnnnn. e e, 163
Book Reviews............ e [ U PP 164

'

MARCH 1945. NUMBER 3,

Visual Disturbances Produced by Bilateral Lesions of the Occipital Lobes with Central
« Scotomas. Lieutenant Commander M. B. Bender, MC(S), U.S.N.R., and Commander
L. T. Furlow, MC(S), U.S N R .\ttt ttiiiiiiattieiteirietetraeassannnenensnnns 165

Vasothrombosis of the Central Nervous System: A Characteristic Vascular Syndrome
Caused by a Prolonged State of Vasoparalysis., I, Mark Scheinker, M.D., Cincinnati. 171

Polyradicul&neuritis with Albuminocytologic Dissociation: Pathoanatomic Report of Three
Cases. K. Lowenberg, M.D., and D, Bernard Foster, M.D., Ann Arbor, Mich...... 185

Lesions in the Brain Associated with Malaria: Pathologic Study on Man and on Experi-.
mental Animals. R. H. Rigdon, M.D., and D. E. Fletcher, Ph.D., Little Rock, Ark. 191

Ch;.racteristic Roentgenographic Changes Associated with Tuberous Sclerosis, Willard °

W. Dickerson, M.D., €aro, Mich....veeiiiiriiieiiineresecinsrsssassseeenrodosnons 199
Hemifacial Spasm: Review of One Hundred and Six Cases. George Ehni, M.D., and
Henry W. Woltman, M.D., Rochester, Minn.........coviiiiiiiiiiiiiiiiniiinnn.., 205

Metrazol and Electric Convulsive Therapy of the Affective Psychoses: A Controlled Series
of Observations Covering a Period of Five Years. Eugene Ziskind, M.D.; Esther
Somerfeld-Ziskind, M.D., and Louis Ziskind, M.S., Los Angeles............:...... 212

Carcinoma of the Uterine Fundus with Metastasis to the Brain: Report of a Case. G. B. :
Hodge, M.D., and Harry F. Steelman, M.D.,, Durham, N. C.............. ... oL 218

Causalgia: Report -of Recovery Following Relief of Emotional Stress. Major Theodore
Lidz and Captain Robert L. Payne Jr., Medical Corps, Army of the United States.... 222

Erotomania (Nymphomania) as an Expression of Cortical Epileptiform Discharge. T. C.

Erickson, M.D., Ph.D., Madison, Wis................... Ceee e el 226
Case Reports: N , \
Electroencephalographic Changes in a Case of Subarachnoid Hemorrhage. N. Savitsky,

M.D.: B. L. Pacella, M.D,, and F. D. Stern, M.D., New York........ RIETITE 232

Abstracts from Current Literature. . ..o i it it irireneenaeaans 235

Society Transactions:
New York Neurological Society and New York Academy of Medicine, Section of

Neurology and Psychiatry........ e ... 240
Philadelphia Neurological SOCIELY. ... tnvuvriees et eeiie e eeeennnn, 244
American Association (;f Neuropathologists. ... ...t iiriieieierirennneinnenas 248

BoOk: REVIEWS. ¢ veanueseneeeneesiim et eeeenaan [P e 256

APRIL 1945 NUMBER 4

i in: “Spread of Pain”; Evidence on Site of Spread Within the Neuraxis of
Stud‘;ft?fe?:?s %?‘%ainfgl Stimulation. Bronson S. Ray, M.D., and Harold -G. Wolff, M.D.,

NEW  YOTK .« - uvasemeens o nm e ettt 257



CONTENTS OF VOLUME 53 -_ v

APRIL—Continued
PAGE

Edema and Troﬂhic Disturbances of the Lower Extremities Complicating Prefronjcal
Lobotomy. Lloyd H. Ziegler, M.D., and Carroll W. Osgood, M.D., Wauwatosa, Wis. 262

Organic Psychotic Syndromes ‘Occurring’ During ‘Electric Convulsive Therapy. Lothar
B. Kalinowsky, M.D., New YoOrK....coovuuiiiirriiiieinnriinoiinaieieanaeinnnns 269

Origin of the Spike and Wave Pattern of Petit Mal Epilepsy: An Electroencephalographic
Study. John B, Hursh, Ph.D., M.D., Cambridge, Mass........c.covvueviiiniiae 274

Electroencephalographic Study of Prefrontal Lobotomy: A Study of Focal Brain Injury.
Lieutenant Robert Cohn (MC), U.SN. R ...ttt ittt iiiiiiricanreenireaannns 283

Transtentorial Herniation of the Brain Stem: A Characteristic Clinicopathologic Syndome;
Pathogenesis of Hemorrhages in the Brain Stem. I. Mark Scheinker, M.D., Cincinnati. 289

Lipoma of the Brain: Report of Cases. George J. Ehni, M.D., and Alfred W. Adson,
M.D., Rochester, MiNm. ....ueeueninneeenonnmeeenaneeresencacecesaeneneosenannenens 299

Bromine Content of the Blood in Mental Diseases: I. Dementia Precox. Helen L. Wikoff,
. Ph.D.; Richard L. Martin, M.D., and Theodore R. Marvin, M.D., Columbus, Ohio.. 305

Skull Defect and Herniation of Cerebrum with Absence of Dura Following Head Injury
in Adolescence. Captain William S. McCune and Major Barnes Woodhall, Medical
Corps, Army of the United States......c.oviiiiereretaiinnannrnnn, AP 307
Myelitis Complicating Measles. Laurence A. Senseman, M.D., Saylesville, R. I........ 309

Case Reports:
Displacement of the Pineal Gland with Extradural Hemorrhage. M. J. Madonick,

M.D., and Ignaz W. Oljenick, M.D., New York......eiiiieiiiiveerinnnn... 31
Obituaries : ‘ ,

Lloyd Hiram Ziegler, M. D . .. ..ttt ittt et tetereneneieennnnes 313
Abstracts from CUrrent LIEratUure. ... ....ueeeennnnnns et e eas e e e saeeeeeeeanas 315
Society Transactions: )

Boston Society of Psychiatry and Neurology .. ovve vt iivnitiiirieriinneienannnns 322

Chicago Neurological SoOCIely......eeueetiiinremiii it ettt iietareeererennns 325
B2 o To) S 4 (3£ A 326
News and Comment. .. ...ttt ottt te ettt e itatneraeeeaeraiieneenns 328

MAY 1945. NUMBER 5

Expgrimenta! Studies on Headache: Transient Thickening of Walls of Cranial Arteries
in Relation to Certain Phenomena of Migraine Headache and Action of Ergotamine
Tartrate on Thickened Vessels. C. Torda, M.D., and H. G. Wolff, M.D., New York. 329
3

Cerelgral ]tfncji'urly bthlufnt\/IMe.chalni%al Trauma: Special Reference to the Effects of
epeated Impacts of Minimal Intensity; Observations on Experimental Animals.
C. G. Tedeschi, M.D., Harding, Mass d o on rpermmens e

Studies of 'ghe Sensa_xtion of Vibration: III. Evidence for Cortical Areas in Inhibition and
Mediation of Tickle. G. K. Yacorzynski, Ph.D., and Loyal Davis, M.D., Chicago.... 355

Pretraumatic Personality and Psychiatric Sequelae of Head Injury: I. Categorical Pre-
traumatic Personality Status Correlated with General Psychiatric Reaction to Head
Injury Based on Analysis of Two Hundred Cases. Harry L. Kozol, M.D., Boston... 358

Effect of Sodium Amytal and Amphetamine Sulfate on Mental Set in Schizophrenia. Paul
E. Huston, M.D., Ph.D., and Mary M. Singer, M.A,, Iowa City...covoeereenunrn... 365

Effectiveness of Diphenylhydantoin in Management of Nonepileptic Psychomotor Excite-
ment States. F. A. Freyhan, M.D., Farnhurst, Del....ouvuiininneeinnainennnnn.. 370

The Human Pyramidal Tract: XI. Correlation of the Babinski Sign and the Pyramidal
Syndrome. A. M. Lassek, M.D., Ph.D., Charleston, S. C..... g ............ yamx 375



vi . CONTENTS OF VOLUME 53

MAY-—Continued
) . : PAGE
Primitive Habits and Perceptual Alterations in the Terminal Stage of Schizophrenia.
Silvano Arieti, M.D., New York and Brentwood, N. Y..eiorereuirvrnnrrnnnennnn, 378
Abstracts from Current Literature........: e Vet et e e, 385
Society Transactions: -
Philadelphia Neurological SoCIety ... uueruertretere et tenernnreereneennsnnnnnnnns 391
Chicago Neurological Society....vvvivevennnennnns. b b et e et e n et s 395
Michigan Society of Neurology and Psychiatry.....ooiiviireninniniiierennennnnns 395
BOOK REVIOIWS. . vttt te i ittt ettt iia it tes et teeansnaaunnnnesssssnnnnnsssseaensnnssennns 397 ‘
News and Comment. . .ottt ittt ieeit ettt teernruternnsaeeeseeannnseeeesenannns 398

JUNE 1945. NUMBER 6

Disturbances in Sleep Mechanism: A Clinicopathologic Study. I. Lesions at the Cortical
Level. Charles Davison, M.D., New York, and Major Edwin L. Demuth, Medical

Corps, Army of the United States.....cver it iinnerrrinnrneeernnenerrennnneeenenns 399
Denial of Blindness by Patients with Cerebral Disease. Frederick C. Redlich, M.D., and

Joseph F. Dorsey, M.D., New Haven, Conm. ......cuiiierreernnerernnnrannoeesennns 407
Synkinetic Pupillary Phenomena and the Argyll Robertson Pupil. Lieutenant Commander

M. B. Bender, MC(S), U.S.N.R.... ............................................... 418
Lateral Spinothalamic Tract and Associated Tracts in Man. Ernest Gardner, M.D.,

Los Angeles, and Lieutenant F. M. Cuneo (MC), USN.R.....ccoeviiiiiinniine. 423
Electroencephalographic Findings in Cases of Bromide Intoxication. Milton Greenblatt,

M.D.; Sidney Levin, M.D., and Ber Schegloff, M.D., Boston..........c.cvovnn.. 431

Case Reports:
Progressive Hemiatrophy of the Face. Major Harold E. Simon and Lieutenant

Bernard Kaye, Medical Corps, Army of the United States....covvvveieeeennnn. 437
Abstracts from Current Literature. ... ...oouiiiiiiiiiiiiiii ittt iareananns 439
Society Transactions:

Chicago Neurological SOCIEtY..ueen . et inttnratirt et iiranasaaneeannanen 446
Boston Society of Psyéhiatry and Neurology............. D e, L. 449
BOOK REVIOIS . ot ettt ettt e et ettt e e e e e ettt e 452
News and Comment........... e e e 452

General TIAOX .« ettt e et e ettt e et e e et e s 453



Archives of Neurology and Psychiatry

voLuME 53

JANUARY 1945

Numser 1

. : ¢ S50CIATION
CopyriGHT, 1945, BY THE AMERICAN MEDICAL Ass0CIATI

INTRASPINAL LIPOMAS

REPORT OF CASES;

REVIEW OF THE LITERATURE,

AND CLINICAL

AND PATHOLOGIC STUDY

« GEORGE EHNJ, M.Dx
AXD

J. GRAFTON LOVE, M.D.
ROCHESTER, MIXNX,

Masses of adipose tissue within the cranium
and within the spinal canal not associated with
bifid spines are rare, Intracranial lipoma, re-
ported cases of which numbered 74 up to 1936
(Sperling and Alpers*), rarely produces clinical
symptoms because of its small size, and no re-
ported tumor of this sort had been attacked
surgically. Intraspinal lipoma is even less com-
mon, but it frequently grows to enormous size,
produces compression of the spinal cord and is
surgically exposed. When it is encountered, its
true nature is unsuspected until the yellow mass
1s visualized or, when the tumor is reddish or
white, until histoogic examination is made. Els-
berg’s? series of data on 267 cases of extra-
medulfary tumors, compiled in 1941, included
6 instances of lipoma. It is probable, however,
that the 2 tumors lying both intradurally and
extradurally were associated with spina bifida,
since Wolf,? i discussing what appears to be the
same series of tumors, omitted them and noted
that 1 of the 3 intradural tumors was associated
with spina bifida. With the omission of these 2
tumors, lipomas constitute 1.5 per cent, or less,

* Section on Neurologic Surgery, Mayo Clinic.
From the Section on Neurologic Surgery, the Mayo
Clinic.

Abridgment of thesis submitted by Dr. Ehni to the
Faculty of the Graduate School of the University of
Minnesota in partial fulfilment of the requirements for
the degree of Master of Science in Neurosurgery.

1. Sperling, S. J., and Alpers, B. J.: Lipoma and
Osteolipoma of the Brain, J. Nerv. & Ment. Dis, 83:
13-21 (Jan.) 1936,

'2‘ Elsberg, C. A.: Some Pathological Features of
Primary and Secondary Extramedullary Tumors of the

ls&ix;al Cord, J. Mt. Sinai Hosp. 7:247-258 (Jan.~-Feb.)

3. Wolf, A.: Tumors of the Spinal Cord, Nerve
Roots and Membranes: II. Pathology, in Elsberg, C.
A.: Surgical Discases of the Spinal Cord, Membranes,
and Nerve Roots: Symptoms, Diagnosis, and Treat-
ment, New York, Paul B. Hocber, Inc., 1941, p. 349.

of extramedullary tumors. Steinke* reported
data on 330 cases of tumors of the spinal cord
collected from various sources. Among these
cases were 4 instances of lipoma and 2 of
angiolipoma (1.8 per cent). Von Lennep ® tabu-
lated data on 153 cases of tumors of the spinal
cord from one clinic and included 2 cases of
lipoma. Among 740 verified cases of tumors of
the spinal cord data on which are in the files of
the Mayo Clinic up to December 1942, there are
6 instances of lipoma (0.8 per cent). An addi-
tional tumor recently discovered brings the
percentage to about 0.9. The over-all incidence
appears to be close to 1 per cent of all primary
intraspinal neoplasms.

The problem of which tumcrs to exclude as
being merely masses of fat misplaced because of
spina bifida has been handled differently by dif-
ferent authors. Spiller ¢ included 3 cases which
others, including us, would exclude because of an
isthmus linking the intraspinal lesion with an
extraspinal lipoma through a variety of bony
defects. Other investigators (Wolbach and
Millet 7; Sachs and Fincher 3) would discard
the case of myolipoma reported by Gowers?
because it is assumed that any tumor-
bearing muscle must have come from the
outside, despite the fact that no spina bifida

4. Steinke, C, R.: Spinal Tumors: Statistics on a
Series of 330 Collected Cases, J. Nerv. & Ment, Dis.
47:418-426 (June) 1918.

5. von Lennep, H.: Ueber Riickenmarkstumoren,
Deutsche Ztschr, f. Chir, 160:137-140 (Nov.) 1920.

6. Spiller, W, G.: Lipoma of the Filum Terminale,
J. Nerv. & Ment. Dis. 26:287-296, 1899.

7. Wolbach, S. B.,-and Millet, J. A. P.: Diffuse Sub-
Dural Lipomatosis of the Spinal Cord in an Infant,
Boston M. & S. J. 168:681-682 (May) 1913.

8. Sachs, E.,, and Fincher, E. F.: Intramedullary
Lipoma of the Spinal Cord: Complete Operative Re-
moval, Arch. Surg. 17:829-833 (Nov.) 1928,

9. Gowers, W. R.: Myo-Lipoma of the Spinal Cord,
Tr. Path. Soc. London 27:19-22, 1876.



TasLe 1.—Data on Twenty-Ning
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13
14
15
16

17

18

19

21

»
D
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Year

1876

1888

1899

1906

1912

1913

1918

1920

1921

1925

1925

1927

1928

1928

1928

1931

1935

1935

1936

Author
GOWEIS Pttt it iinenaas
Braubach 28, . ... .. ... .ciienens ¥
B S v 1) F
Spiller 6., . i F

Root, E. F., cited by Bucy and F
Gustafson 20

André-Thomas and Jumentié 32... M

Wolbach and Millet 7.............. M
Oppenheim and Borchardt 1°...... M
Ritter I8, .. ..o M
Henneberg 33.. ... .. ..ciiiiiines

Elsberg 24 f.eeoiiiiiiinninnnes F
Elsberg 24 4. ..ottt ¥

Stookey, B.: Am. J. Dis. Child. M
36 : 1184-1203 (Dec.) 1928

Bielschowsky and Valentin 31..... M
Sachs and Fincher 5............... M
Fay 27 Qe e ¥
Beykirch 34.. ... ... ... il M

Kernohan, Woltman and Adson 14 M

Eekart 22, ..ot F

Stotz, in discussion on Fischer, D.
W.: Zentralbl. f. Chir. 62 2290
(Dec. 14) 1935

Dobrokhotoff, cited by Jabotin- ¥
ski,2? and Kouraeff, cited by
Jabotinski 22

Seherer 25 ..o it F
Guillain, Bertrand and Salles 29... F
Bucy and Gustafson20............ M

Age at
Onset of

14 mo 4yr
42 yr 12 yr.
RERYY 15 yr
Birth () 10 mo.
3l yr. 13 yr.
40 31 3% mo
17 yr 5% 1no.
19yt 3 mo.
1?2 yr.§ 10 yr.
Birth (?) 15yr.
43 yr. 3yr
21 ¥r 2 mo.
23yr 3 yr.
11 yr 8 yr.
24 yr Gyr.
24 yr 1% yr
40 yr 114 yr.
42 yr. 10 yr.
1-2 yr1.? 17 yr.

Sex Symptoms Duration

Level
Conus
Cs to T4

Midthoracic
portion of
cord

Filum term-
inale

Mfdthoraeic
portion of
cord

1.5 to Sb
Entire cord;
cauda equina

Clto C4

Clto Tl

Cervical por-
tion of cord

C8 to T2

T2 to T4

C2to TS

T11 to S¢

T7 to TS

T3 to T7
Cauda equina

Cito Tl

Mideervical
to lumbar

Cervical to
lumbar

CitoTs
T5 to Lb

Cl to C4

Position on

Traversing
Cord

Roots
Anterior and pos-

terior; posterior
roots more dis-

Lateral half

_ organized
Right posterior None
surface
Left side Present
............. Present as small
bundles separate
by fat
Posterior Present
Posterior Present
Midline  cieiieiivieieennn
posterior
Right Present, greatly
posterior infiltrated and
subdivided by fa
Midline Absent (2)
posterior

Tateral surface, None
anterior to
dorsal roots

Tateral surface, None
anterior to
dorsal roots

Posterior: Present

more to the

right (?)
Posterior Present
Midline None

posterior
Posterior Present
.............. Present
Midline (2)  seeeeeee Ceenenens

present and

Right dorsal widely separated

root line by fat
. esent and
};nhfrec(gorsal I:::idely separated
suria by fat
Posterior ?

+ This information is taken from the report by Bucy and Gustafson.20

+ This is the sixth case of extramedullary tumor to be reported and is deseribed on page

t This is the eighth case of extramedullary tumor and is described on page 39 of Elsberg’ tient was 3
§ A history of weakness dating back to 1915 was given to other physicians in 1919, when the D2 1

29 of Elsberg's book.?t
s pook.>4 u, years of ag

The patient must have been born in the latter part of 1915 and the weakness noted shortly after.

2



Cases of Intradural Lipomas

Conneetive Tissue

Capsule of pia; excessive
fibrous tissue where tumor
attached to cord; exten-

sions into cord not prominent

Proliferation of stroma
with extensions into cord;
increased nuclei

Pia thickened and cellular;
cellular fibrous tissue send-
ing strands into cord

No invasion of filum........

No extensions into cord....

Invasion and destruction of
cord by fibrous tissue

Benign fibrous extensions
into cord; increased vas-
cularity

Lipomatous and ‘‘sarcoma-
tous' extensions into cord

Tial septum between tumor
and cord, sending cellular

strands into cord; embryonic

fat forming new lobules;
liposarcoma (%)

Lamina of connective tissue

next to cord; heavy strands
penetrating cord; “prolif-
erated endothelium”

Some of cord substance
came away with tumor;
some extensions into cord

®

Stroma much more cellular
in one photomicrograph
than in the other

Minimal amount

in speci-
men removed

Thickened pia sends heavy
processes into cord

Dense capsule with minimal
stroma

Tumor fibrous; superficial
“invasion” of cord

Minimal stroma with few
nuclel

Minimal stroma with few
nuclei

Fibrous regions ............

Fibrolipoma with
destruction of whole
thickness of cord

.............................

Capsule of pia; fibrous pro-
liferation of perineurium
where roots enter cord

Fibrous tissuc infiltrateq
and dorsal columns
destroyed

Dense capsule; light stroma

Spinal Puncture

........................

........................

Fluid xanthochromie;
globulin present

Fluid xanthochromic;
globulin present

Almost complete
block; fluid xantho-
chromie; globulin
high

Normal fluid; steppage
type of fall of pres-
sure

Fluid xanthochromie;
protein increased;
no block
Nonne reaction posi-
tive
Fluid xanthochromic:
globulin present; slow

fall of manometric
pressure

Tumor diagnosed by
this test, but
results unknown

P v

220 mg. of protein per
100 ce.

Albumin content nor-
mal; reaction for
globulin positive;
no block

i The roentgenogram included in the definitive re

Roentgenographic
Evidence

......................

......................

Spinal canal widened
(C3 to T3

Spine normal; pic-
ture after injection
of iodized oil
suggestive

Spine normal

Descent of iodized oil
held up at Ti1

No block to aseent
of iodized poppy-
seed oil

No bloek to ascent
of iodized poppy-
seed oil

Spinal eanal widened
{from O1 to C3; com-
plete block (to as-
cent) of iodized
poppyseed oil at C4

Other Disorders

PabeS..eseneerneranns

L4 018 37T

Intracranial Jipoma:
hydrocephalus;
absence of right
kidney; harelip

Kyphoscoliosis;
hydrocephalus

Subcutaneous lipoma
over intraspinal
lesion

Hydrocephalus;
hydromyelia; club-
feet; pseudohermaph-
roditism; cataracts

Conus abnormally
high

......................

......................

Umbilical hernia;
pilonidal eyst;
lipoma of neck over
deep lesion

Operation

Necropsy

Necropsy

Neeropsy

Necropsy

rumor removed; improve-
ment; death two years
later, of pneumonia *

Necropsy

Necropsy

Subtotal removal of
tumor; patient still
helpless

Necropsy

Exploration (?); necropsy

Two stage removal;
patient walking four
years later

Total removal in two
stages; complete
recovery

Partial removal; some
improvement three years
later, then recurrence *

Necropsy

Total removal; death
eight years later of
unknown cause *

Capsule incised; death in
three months

Partial removal; im-
provement

Partial removal: complete
recovery; recurrence nine
years later

Necropsy

Necropsy

Partial removal twice
with benefit; death from
meningitis after third
operation: necropsy

Neceropsy

Necropsy

Subtotal removal; excel-
lent result

port shows widening of the vertebral eanal from at least the fifth cervieal

to the thi fo v ;
o the third thoracic vertebra. In another paper (1928) a different roentgenogram jec shown, in which the pedicles are shown to he

affected as bigh a< the third cervieal vertehra.

% This Is apps - . . . -
indié‘nto this‘"””mn”" the same case as that reported in more detail by Wilson, Bartle and Deand?® though they did not
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TasLE 1.—Data on Twenty-Nine

Age at

Onset of Position on Traversing
Year Author Sex Symptoms Duration 1evel Cord Roots
25 1938 Baker and Adams3%..........een. F Birth (?) 1yr. Entire cord Posterior ?
26 1939  Jabotinski®®.........oeiiiiiii, F 3 mo 13 yr. 01 to C8 Left dorsal Present
surface
27 1944  Case 2, thisseries......ccoienenn. F 19 yT. 1yr. T7 to T11 Posterior Present and
’ widely separated
by fat
298 1944 Case 3, this series......cocevveienen M 41 yT. 2 yr. T9 to T10 Right dorsal Hypertrophic and
roots disorganized
29 1044 Case4, thisseries..........ovvueeee b 18 yr. 4yr. T6to beyond  Right poste-  ........ccoeeenel.
(074 rior (?)

was described by Gowers. In the collected cases
and in the case reports to follow there is no in-
stance of spina bifida.

Because of the special causation of lipomas in
the intradural region occasioned by the paucity of
fat in this location, as contrasted with lipomas
in the extradural situation, where fat is abundant,
because of the structures within the dura likely to
become involved in the tumor while this mem-
brane obviates such a possibility in the case of
tumors outside it and because it is the classic
practice to make the separation of intradural and
extradural tumors the first step in clinical classi-
fication, the intradural lipomas will be considered
apart from the extradural lipomas and the corre-
sponding features of the two types will be har-
monized later.

INTRADURAL LIPOMA

The total number of cases of intradural lipoma
reported in narrative form is only 26. An addi-
tional 10 or 12 cases have been merely tabulated
in reports of series of tumors. Table 1 lists in
chronologic order the cases previously recorded,
together with the cases reported in this paper.
The essential features of each case may be
gathered from table 1, without the necessity of
our giving a narrative description of each one.

Frazier and Allen?® tabulated 4 cases of
intraspinal lipoma, in 2 of which the growth was
intramedullary in the cervical region and opera-
tion was performed, occurring in a series includ-
ing cases from the literature and personal cases
as of May 1915 (according to Steinke,* who
collected the cases and made a separate report).
Since no such cases had been reported by other
authors prior to this publication, these 2 cases

10. Frazier, C. H., and Allen, A. R.: Surgery of the
Spine and Spinal Cord, New York, D. Appleton and
Company, 1918,

must have occurred in the personal experience of
Frazier and Allen and never have been reported
elsewhere. Since nothing is known of these
cases, they are not included in the tabulation.

Von Lennep® had 1 instance of intradural
lipoma among the cases which he reported in
tabular form, but he gave no details and we do
not include it. af

Schmieden and Peiper** described an intra-
medullary tumor of the spinal cord which other
authors have accepted as a lipoma but which
will not be so considered here. The tumor was
devoid of pial connection, was soft but solid
and had the gross appearance of adrenal gland
tissue. When it was cut across, multiple minute
bleeding points were observable on the cut sur-
face. It consisted of densely packed round and
oval cells containing many small droplets of
doubly refractile fat and was stated to be a
lipoblastoma. It is our opinion that the true
nature and proper designation of this lesion was
hemangioendothelioma. The tumor did not con-
tain adult fat cells—only cells with fat in drop-
lets, which are seen so abundantly as the “pseudo-
xanthoma cells” of hemangioendothelioma. The
multiple bleeding points, caused by release of the
blood contained within the small blood spaces of
the hemangioendothelioma, are characteristic of
such a tumor.

According to Antoni,’* Foerster stated in a
personal communication that he had encountered
3 cases of intramedullary lipoma, but no details
are known.

11. Schmieden, V., and Peiper, H.: Ueber ein erfolg-
reich operiertes endomedullires Lipom des Halsmarks,
nebst einigen Bemerkungen zur Chirurgie der intra-
medulliren Tumoren, Deutsche med. Wchnschr. 55:
513-516 (March 29) 1929,

12. Antoni, N.: Tumoren des Riickenmarks, seinet
Wurzeln und Hiute, in Bumke, O., and Foerster, O.:
Handbuch der Neurologie, Berlin, Julius Springer, 1936,
vol. 14, pp. 1-131.



Cases of Intradwral Lipomas—Continued
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Roentgenographic
Connective Tissue Spinal Puncture Fvidence Other Disorders Operation

Dense membrane separating vereasermrnracss veesses s seess vesesrean Al?;gt;gge%fhg]isé , Necropsy
T g a c?rdl; some intracranial lipoma;

small and fetively defect of left temporal

growing cells hone; xanthoma of

eyelids
.

Fibrous tissue Droliferated  ...i.eeeeeseresiianiiens eiieniiisieciitiienis nenreinttns et Necropsy

and sending extensions

into cord

120 Gim. of protein per

; § f roots
Conndetive tissue o 300 ¢e.; no block

hyperplastic at dorsal
root origin; extensions
into cord

100 mg. of protein per

s bearin
Henvy septums b & 100 cc.; o block

roots

120 mg, of protein per
100 ce.; 11 cells per cu.
mm.; partial block

Lipoma slightly fibrous....

YLeft pedicles {rom
5 to T9 thinned:
backs of bodies of
vertebrae T6 to TS
croded

Pedicles of T11
eroded; descent of
iodized oil ob-
structed at 710

Pedicles of vertebrae
T3 and T4 eroded;
more on right side

Partial removal; no
improvement

......................

Obesity; pilonidal Total removal
eyst; extradural
lipoma on right root

at T9

......................

Laminectomy without
removal

than on left

Jaeger ** appears to have reported a case
recently, since a title suggestive of such an ob-
servation is listed in the Quarterly Cumulative
Index Medicus. The foreign journal in which
Jaeger’s paper appeared no longer reaches the
Mayo Clinic library, however.

Additional data on 4 cases of intradural lipoma
ébserved at the Mayo Cliic (cases 18, 27, 28
and 29, of table 1) are given in the following
paragraphs.

" REPORT OF CASES

Case 1—A Jewish youth aged 19 years registered at
the clinic on July 10, 1927, complaining of numbness of
the legs and the left hand, weakness of the arms and
legs, pain in the neck and difficulty with urination. This
case was mentioned previously by Kernohan, Woltman
and Adsoni4 and by Adsons

The family history was of no consequence, but the
previous medical history was of possible significance.
At the age of § or 6 years the patient had fallen down
a flight of twenty-four steps and injured his neck in
an unspecified manner. Gradually increasing low cer-
vical pain followed this injury. Cervical traction for
six months had given relief, and a brace to the neck
was worn for the next year. At the age of 8 years a
bone graft had been performed on the cervical portion
of the spinal column for what was stated to be tuber-
culosis.

A three or four year period of fair health followed,
and it was not until the age of 11 or 12 that neurologic
symptoms began. The first sign noted was clumsiness
in walking, and it was thought at the time that the left
leg was most affected. After an unspecified time the
legs began to drag and the arms became weak. A year
fater there was onset of a recurring low cervical pain,
which lasted only a month or so out of the year, but
appeared yearly for six years. Three months before

13. Jaeger, F.: Ueber Lipome der hinteren Schlies-
sungslinie, Zentralbl. f. Chir. 68:2-6 (Jan. 4) 1941,

14. Kernohan, J. W.; Woltman, H. W., and Adson,
A. W.: Intramedullary Tumors of the Spinal Cord: A
Review of Fifty-One Cases, with an Attempt at Histo-
logic Classification, Arch, Neurol. & Psychiat. 25:679-
G99 (April) 1931,

15. Adson, A, W.: Intraspinal Tumors: Surgical

?(;);Ssideration, Internat. Abstr. Surg. 67:225-237 (Sept.)

the patient came to the clinic the pain had begun again
but failed to disappear as before. This pain was usually
a dull ache over the low cervical spinous processes,
with occasional extension to the left shoulder, but some-
times it was throbbing. At the age of 15 years the
weakened arms became awkward. At the age of 18
atrophy of the hands was noted, the right leg became
much weaker at the hip and numbness was felt from
the waist down. In March 1927 some sort of operation
had been performed on the neck, without influencing the
course of the disease. During the month preceding the
patient’s registration at the clinic numbness of the
fingers of the left hand and a rapid increase of all
symptoms developed, together with difficulty in starting
the flow of urine.

The physical examination, aside from the neurologic
portion, gave essentially normal results. The patient
walked with a spastic gait. Below the second thoracic
dermatome there was total absence of appreciation of
painful, thermal, tactile, joint and vibratory stimuli ex-
cept that the back of the left thigh and calf retained
slight cutaneous sensibility. Joint and vibratory sensi-
bilities were diminished slightly in the hands, and there
was moderate diminution of appreciation of pain and
touch in the ulnar distribution of both hands. Con-
siderable weakness of the finger flexors and the intrinsic
muscles of the hand was apparent, being more severe
on the left side. The legs were weak and spastic. The
biceps reflex was normal, but the triceps reflex was
notably diminished on both sides. A Hoffmann sign
was elicited on the left side. The patellar and achilles
reflexes were exaggerated, being stronger on the right
side than on the left. The presence of ankle clonus and
the Babinski sign bilaterally completed the picture,

Lumbar puncture revealed xanthochromic fluid, in
which there was globulin. The manometric rise on
jugular compression was normal, but the fall was slow.

On July 20, 1927 laminectomy of the third cervical
to the first thoracic vertebrae was performed. A fusi-
form intradural swelling was immediately noted. After
the dural opening was made, the swelling was observed
to be a yellowish tumor fixed to, and [ying on, the back
of the cord. It measured 12 cm. in length and 3 cm,
in breadth. A sagittal incision of this mass was cau-
tiously made, and the impression was gained that the
entire depth of the cord was involved. A V-shaped strip
was longitudinally excised, and the incision was closed.

No change occurred during the short period of post-
operative observation, during which time two roentgen
ray treatments were given over the tumor. In a letter
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received from the patient in October 1927 rapid im-
provement was reported. In 1942 we were informed 16
that since the letter of 1927 the patient had made a
complete recovery and had become the sectional tennis
champion, but that for six or seven years prior to 1942
his arms and legs had been becoming weaker.

The tissue removed consisted entirely of adult adipose
tissue, Delicate fibrous septums divided the fatty mass.
Blood vessels were sparse, and no nerve tissue, either
cord or roots, appeared in the surgical specimen.

Case 2.—An unmarried white woman aged 20 regis-
tered at the clinic on Jan, 30, 1935, complaining of pain
in the back, numbness of the legs and weakness of the
left leg. These symptoms had appeared after a recent
injury.

The only item of importance in the medical and family
history concerned the father, who had diabetes. The

NEUROLOGY

AND PSYCHIATRY

abdomen. A week later a limp was noted. Ten days
later the left thigh was involved in the numbness, pre-
viously limited to the toes. The next day the right
ankle was painful, and a week later numbness became
apparent in the right thigh. On April 8 a physician
who had been consulted found analgesia below the waist.
Sensation was almost entirely regained during the next
eight weeks, and no progression was noted until Sep-
tember 1934, when the left leg was observed to be
atrophic.

A lumbar puncture, performed on Oct. 16, 1934, re-
vealed that the manometric readings were normal. The
patient’s blood pressure was noted to be elevated at
about this time. During the first part of December
the pain in the back had become much worse and had
required administration of an unidentified medicament
for relief. In January 1935 roentgenographic examina-
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Fig. 1 (case 2).—(a) Fine bundles of root fibers traversing the lipoma (sudan III and hematoxylin; X 45).
Note how intimately the root structure is infiltrated by the fat despite the absence of active-appearing tissue.
(b) Fibrocellular tissue separating the fat from the cord. (Perdrau stain; X 20). Note the heavy extensions into
the neural tissue at the top and how strands of neural tissue become sequestered (left center) ; also note the occur-

rence of islets of fat within this tissue.

patient stated that she had been well in every respect
until March 3, 1934, when she was struck in the
abdomen by a cash register, which slipped from the
hands of a fellow employee as it was being carried past
her. The blow forced her back against the horizontal
edge of a counter. A few hours later the back began
to pain, and the next day pain appeared in the toes of
the left foot. Two days later the pain ascended the left
leg in a vague fashion, the toes of the left foot became
numb and she tripped when she was climbing stairs.
Both the pain in the leg and that in the back were made
worse when she reclined and were ameliorated when
she sat or walked. On March 10, 1934 girdle pain over
an area, a handbreadth in width, developed about the

16. Adelstein, L.: Personal communication.

tion of the spinal column had led to a diagnosis of
tumor of the spinal cord.

Physical examination revealed nothing abnormal ex-
cept in the nervous system. Sensation was normal ahove
the ninth thoracic dermatome, but there were compli-
cated sensory changes below this level. Appreciation
of touch and temperature was absent over the right
lower quadrant of the abdomen and the right thigh and
was greatly diminished over the left side of the abdomen,
the left thigh and the lower part of the right leg and
foot. The lower part of the left leg and foot displayed
minimal hypesthesia and hypalgesia. Vibratory and
joint sensibilities were absent over the right ankle and
were diminished over the left one. The entire left leg
was moderately weakened, but the right leg was of
normal strength. The hamstring reflexes were increased
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on the leit side, but the patellar and achilles reflexes,
though moderately hyperactive, were of equal strength
on the two sides. There were mild clonus of the left
ankle and a Babinski sign bilaterally. The abdominal
reflexes were absent.

Roentgenographic examination of the thorax revealed
enlargement of the heart. Examination of the spine
disclosed thinning of the pedicles of the fifth to the ninth
thoracic vertebrae inclusive and erosion of the backs
of the fifth to the eighth thoracic vertebrae. The spinal
canal was much widened in this region. Lumbar punc-
ture revealed an initial pressure of 10 cm. of fluid.
This rose to 14 cm. after ten seconds of bilateral jugular
compression and promptly fell back to the initial pres-
sure on release. The Nonne test gave positive results,
and the total protein content measured 120 mg. per
hundred cubic centimeters of cerebrospinal fluid.

1943. She no longer uses crutches but is able to walk
long distances with a cane. She is able to raise each
foot off the ground to a distance of 12 inches (30 cm.),
but is unable to jump at all. Clonus causes embarrass-
ment if the foot is not properly supported. She is work-
ing in a self-supporting occupation.

The surgical specimen consisted of a longitudinal strip
of the tumor, which included a small amount of the
posterior columns of the cord on its anterior surface and
permitted of accurate study of the relation of the tumor
to the cord. The greater portion of the tumor was
composed of typical adult adipose tissue. The free sur-
face of the mass, the portion lying exposed on the
posterior surface of the cord, was ensheathed by a fibrous
capsule of moderate thickness, which in some places
consisted of an outer layer, with the collagenous fibers
running in a vertical direction, and an inner layer, with
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Fig. 2 (case 2).—Fibrocellular tissue separating the fat from the neural tissue.

(a) The neural tissue at the

top of the section is infiltrated by heavy strands, while the mass of tissue in the lower portion of the field shows

scattered development of adipose tissue (hematoxylin and eosin stain; X 32).

() Higher power of an area off

the upper right corner of the islet of fat in the center of a.- The Mallo i i i i
t he is . ry-Heidenhain preparations of part
tissue showed roots contributing to the tangle (hematoxylin and eosin stain; X 215p).p parts of this

On Feb. 5, 1935 laminectomy of the fifth to the ninth
thoracic vertebrae was performed. The bone was thin
and excessively vascular. When the distended dura
was opened, a large tumor on the posterior surface of
the cord was exposed. This could not be separated from
the cord, and a V-shaped longitudinal strip was taken
from the most prominent meridian.

For threc days the patient was paraplegic, but by the
twentieth day she was able to stand and had control
of her bladder. The right leg was analgesic, but the
left .leg showed only minimal hypalgesia. Vibratory
sensibility was notably diminished on the right ankle
but only moderately so on the left ankle.

By 1937 the patient was using crutches to get about
and was able to take a few steps alone. A letter has
been received describing her condition as of August

the fibers running in a horizontal direction around the
tumor. The fibrocytic nuclei usually present in a cap-
sule of this type were normally sparse. In some places
pumbers of small vessels were present immediately sub-
jacent to the inner layer of this capsule, but on the
\\.'hole the vascularity was not remarkable. The adipose
tissue heneath the capsule did not contain any embryonic
fat or active-appearing tissue.

As the interior of the tumor was approached from
the capsular surface, one began to encounter small
bundles of nerve fibers cut transversely, obliquely and
longitudinally, all in the same section. These bundles
had the undulating course and the connective tissue
sheaths characteristic of peripheral nerves and must
therefore., be considered as rootlets traversing the tumor.’
The sections stained for fat showed beautifully these root-
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lets coursing through a galaxy of red spherules (fig. 1a).
The bundles of nerve fibers were mostly small and some
of them contained only a few individual fibers. All the
interstices were filled with fat, and the impression was
gained that the fat had its origin from some structure
originally lying within the root and bearing an intimate
relation to its individual fibers. In other locations the
rootlets lay- in a moderately delicate stroma composed
of anastomosing strands of fine collagenous fibers and
cleftlike spaces, in which lay acidophilic granules in
clumps. The only nuclei were pyknotic spindles, looking
like the nuclei of fibrocytes, lying mostly in close asso-
ciation with the collagenous strands but sometimes
seeming to be free in the clefts. The most adequate
interpretation of this stroma is that it was myxomatous.

As the surface of attachment to the cord was
approached, the amount of adipose tissue was diminished
by heavy strands of cellular tissue extending into it.
Finally, the fat gave way entirely to this cellular tissue,
and a heavy, irregular layer of this tissue separated the
adipose portion of the tumor from the neural substance
of the cord. On the face of this separating layer next
the cord one first saw sequestered islands of cord;
then the cord tissue became prominent and was invaded
by heavy strands passing into it (fig. 10). This cellular
tissue was composed of a tangled collagenous network
bearing a variety of cells (fig. 2). Most of the cells
were oval or spindle shaped, vesicular or pyknotic, and
were certainly of connective tissue origin. Even in this
tangle of fibers orientation was apparent. The course
of the fibers was roughly parallel with the course of
the nerve fibers in the white matter of the spinal cord.

No giant cells or mitotic figures were present in this
tissue despite its superficial resemblance to sarcoma.
No fat lay bare within or adjacent to the cord. The
little fat within the cord was enclosed by the cellular
connective tissue; in other words, fat was present in
small amounts in the fibrous extensions from the septum
into the cord. The Mallory-Heidenhain preparations
revealed this cellular tissue to be of radicular origin.
Lying between the dense, blue-stained collagenous fibers
were faintly orange myelin tubules. The intraradicular
connective tissue (endoneurium) had all but obliterated
the nerve fibers, so strongly hyperplas?ic was it. The
vascularity of this cellular connective tissue was
minimal,

In certain sections in which the hyperplasia was less
conspicuous and one was able to follow the roots to
their entrance into the cord the roots were disrupted
and distended with fat cells, so that the fat cells were
partitioned one from another by septums bearing single
layers of myelinated nerve fibers. Sections cut trans-
versely across the tumor showed root fiber bundles and
isolated individual myelinated nerve fibers closely
applied to the cord in the septum separating the tumor
from the cord; these roots were distributed over an
unnaturally large portion of the circumference of the
cord. Whereas posterior roots normally enter the cord
along the posterolateral sulcus in a zone 1 or 2 mm.
wide, in some locations the tumor roots were present
in the septum over a segment of the circumference of
the cord 1 cm. wide. Furthermore, these roots were
cut transversely just as were the fibers of the cord.

Case 3—A man aged 41 registered at the clinic on
Oct. 7, 1935, complaining of a burning sensation in the
toes of the right foot and numbness, weakness and
cramps of the right leg.

The patient’s family history was noncontributory ex-
cept that he had had a sister who had been obese before
her death, of unknown cause, at the age of 50 years.

The previous medical history is of interest. A pilonida
cyst had been operated on in 1928. In 1930 the patien
had a gastric hemorrhage. In 1932 he injured his bacl
in a fall and was confined to bed for a month. He wa
otherwise well, though obese, until March 1935, whe
there appeared a burning pain in the toes of the righ
foot and some acral numbness. During the next sevet
months this numbness gradually and unremittingly
ascended the leg to the groin., A month after the onse
of the burning the patient had noted weakness in th
right leg, associated with twitching and cramping o
the muscles of this leg. :

The patient was obese, but the general physical ex:
amination did not reveal anything else significant. Posi
tive findings elicited by the neurologic examination in
cluded moderate diminution of joint and vibratory sensi-
bilities in the right leg and minimal diminution in th
left leg, minimal hypalgesia and hypesthesia to the
groin in the right leg, paresis of motion of the toes o
the right foot, and, on the same side, increased patella
and achilles reflexes, a diminished hypogastric reflex, ar
ankle clonus and a Babinski and related toe signs
TLumbar puncture revealed colorless fluid and absence of
block. However, the total protein amounted to 100 mg
per hundred cubic centimeters of cerebrospinal fluid
and the reaction for globulin was positive.

The patient was not seen again until Fcbruary 1938
when he stated that the cramping had diminished bui
that the toes of the left foot had begun to burn during
the previous November. The right leg tired greatly
after he walked a few blocks, and a pain was preseni
over the right lumbosacral area, which was made worse
by his reclining on the right side and was relieved by
his walking about. This pain was not exaggerated by
coughing or sneezing.

Examination at this time showed progression of
neurologic disturbance. The vibratory and joint senses
were absent in the right leg and were moderately
diminished in the left leg. There was hypalgesia over
the left side of the sacrum, the posterior aspect of the
left thigh and the left foot. Perception of pain in the
right leg was normal. The entire right leg was mod-
erately weakened and exhibited increased reflexes and
clonus. The hypogastric reflex was almost absent on
the right side, and there was a Babinski sign bilaterally.

Myelography, with radiopaque oil, performed on
March 1, 1938, revealed partial obstruction to the
descent of the cisternally injected oil at the lower part
of the tenth thoracic vertebra. The lower end of the
obstructing mass lay in the middle of the eleventh
thoracic vertebra. Erosion of the pedicles of the eleventh
vertebra was noted in these myelograms.

Laminectomy of the tenth and eleventh thoracic ver-
tebrae, performed on March 4, 1938, revealed a yellow
intradural tumor lying on the right posterior aspect of
the spinal cord, intimately attached to several root fila-
ments at their emergence from the cord and possibly
involving the cord itself. The incision was widened to
the right to effect removal of this tumor, and another
tumor, extradural in location, was encountered on the
ninth thoracic root. The second tumor was entirely
separate from the larger, intradural tumor and did not
occur on the same root, lying, as it did, on the root
above. Both tumors were removed under the impression
that they were neurofibromas. The cord was compressed
by the intradural tumor to about one-third normal size.

On the seventeenth postoperative day there was still
weakness in the right leg. The Babinski sign was not
present on the left side, but ankle clonus, stronger on
the right side than on the left, was elicited. Joint an”
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_vibratory senses had returped to normal. There was
absence of appreciation of touch, pain and temperature
over the right lower quadrant of the abdomen and the
front of the right thigh. On the patient’s return to the
clinic, on Aug. 25, 1938, he stated that he .had bee'n
getting about with a cane until three weeks prior to this
date, when he was caused to fall by his rfght leg’s
jerking involuntarily into flexion. The legs tired more
casily and felt stiffer after this episode than they had
before. Cramping began in the right calf. The le.ft
leg would involuntarily flex when the patient was in
bed. Perineal numbness was noted at stool. Examina-
tion showed considerable weakness of the hamstring
muscles and the muscles of the calf, moderate weakness
of the quadriceps and minimal weakness of the psoas
and gluteal muscles, all on the right side. The left
leg was strong. Roth legs exhibited incressed tone.
Ankle clonus and increased tendon reflexes were present
on the right side. A Babinski sign was elicited on each
side. Joint and vibratory senses were absent ip .both
legs to the knees. Cutaneous sensibility was diminished
below the tenth thoracic dermatome and was absent be-
low the knees. Roentgenographic examination showed
only absence of the laminas which had been remc.w'ed.
A lumbar puncture yielded colorless fluid, contaimng
55 mg. of protein per hundred cubic centimeters. There
was no block. Further surgical treatment was not
advised. The patient has not responded to our recent
inquiry, and his present status is unknown.

The intradural tumor consisted of adult adipose tissue,
traversed by heavy fibrous septums bearing bundles of
root fibers. At the extremity of some of these fibrous
septums there was present glial tissue similar to _that
in the white matter of the spinal cord. In some regions
the rootlets to this glial segment were considerably
disorganized and lay in'the fibrous stroma in small
bundles separated by heavy collagenous bands and small
groups of fat cells. In another septum a single large
root was almost the sole occupant. In one location this
root became a tangled mass of hyperplastic endoneurium,
which merged imperceptibly with the surrounding
heavier collagen strands at the periphery and was not
separated from the surrounding tissue by a condensed
band of connective tissue. Small amounts of fat lay
within the fibrous septums, but no fat was present
within the hyperplastic root. Almost all the fat lay
in the lobules between the root-bearing septums. The
vessels of this tumor were scanty. Tissue from the
extradural tumor is no longer available,

Case 4—The patient presented himself at the clinic
in September 1943, complaining of pains in the back,
the thorax and the right leg. He was 22 years of age,
single and a farmer.

The family history was without significance. The
patient had been well until four years prior to his
coming to the clinic, when he became jaundiced for
two weeks and was put to bed. The first day out of
bed, after the jaundice subsided, he carried a quantity
of lumber from the basement and the following day
had a sore back, which caused him to walk bent over.
Shortly after this the right leg felt stiff and seemed to
drag. A certain degree of recovery occurred, but during
the year prior to registration at the clinic the patient
was bothered by bouts of pain in the right leg, which
lasted about two hours and were followed by weakness
in the leg. In August 1943 soreness reappeared in the
upper part of the back, and the pain seemed to run into
the left side of the thorax. There was a spot in the
midthoracic segment of the spinal column which pained
on walking. Coughing and sneezing caused pain in the

9

midthoracic region of the back and around the lower
part of the sternum. A pain appeared in the right
thigh whenever the patient exercised. His temperature
had been 100 F. since August,

The patient was well built and seemingly well; he
appeared moody and was perhaps less bothered by his
pains than he asserted. The general physical examina-
tion revealed nothing of significance except for a low
grade fever. The neurologic examination revealed only
that the left pupil was larger than the right, and the
vibratory and joint sensibilities were diminished in the
lower extremities.

Routine examination of the blood, flocculation tests
and urinalysis gave normal results. Roentgenograms
of the spinal column showed erosion of the inner margins
of the pedicles of the second and third thoracic vertebrae,
particularly of the right pedicie of the third vertebra.
Spinal puncture was performed on September 18. The
initial pressure was 15 cm. of fluid. On jugular com-
pression the pressure rose to 19 cm. of fluid. The fall
was slow. Ten cubic centimeters of the colorless fluid
was removed, and the final pressure was 1 c¢cm. The
fluid contained 11 cells per cubic millimeter, small
amounts of globulin and 120 mg. of total protein per
hundred cubic centimeters.

Myelography, with the use of radiopaque oil, was
performed on September 22. There was almost com-
plete obstruction to the passage of the oil upward at
the fourth thoracic interspace. This deformity was
mostly on the right side and was interpreted as being
due to an intradural extramedullary tumor. Later the
same day laminectomy of the fifth thoracic to the seventh
cervical vertebrae was performed, The distal end of the
tumor lay in the lower end of the incision; but the
upper pole was beyond the highest exposed segment,
and the surgeon deemed it unwise to go farther, since
the growth could not be separated from the cord. The
tumor was yellow and had the appearance of adult fat.
A small fragment was removed from the dorsal surface,
and this proved to be adult adipose tissue with increased
stroma.

The patient’s convalescence was complicated by post-
operative hematoma. After the removal of this clot
gradual recovery occurred.

Clinical Features of Intradural Lipowas.—
Twenty-nine cases of intradural lipoma are
available for comparison and analysis. The dis-
tribution of these tumors between the sexes
appears to be about equal. Fourteen patients
were females; 12 were males, and the sex of 3
patients was unknown. This slight inequality at
least does not run counter to the distribution
between the sexes of lipomas in other locations
which is given as about 3:2 in favor of females
(Geschickter 7).

Consideration of the ages at which the first
symptoms began leaves one with the impression
that this tumor makes its presence known only
during three rather well delimited age periods:
before the age of 2 or 3 years, on the patient’s
reaching manhood or womanhood and in early
middle age. In only 4 cases did the tumor fail

17. Geschickter, C. F.: Lipoid Tumors, Am. J. C
21:617-641 (July) 1934. J. Cancer
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to conform to this generalization. The distribu-
tions of the ages of onset are charted in figure 3.
In view of what has been said by other authors
and what we shall have to say regarding the
probable existence of most of these tumors from
before birth, it might be held that the age of onset
is of little importance. On the other hand, it
seems to us that the onset of symptoms due to
intradural lipoma must be capable of some
rational explanation having to do with increased
deposition of fat at certain times of life, inter-
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Fig. 3—Ages at clinical onset of intraspinal lipomas.
The values for the intradural lipomas are plotted above
and those for the extradural lipomas are plotted below
the axis of the abscissas.

ference with the blood supply to the spinal cord
at a time when the vascular system begins to be
less adaptable than before, edema from trauma,
and perhaps other factors.

Among the cases in which trouble was ex-
perienced during the early years of life there
were 3 of early death. The tumors in these 3
cases were the largest in the entire series, 2 of
them extending throughout the length of the cord,
and other severe defects were associated. In
each of the 4 instances of early onset without
early fatal termination the duration before oper-
ative intervention or death was long, being
four, ten, thirteen and fifteen years, as though
the trouble was due to a slowly augmenting pres-
sure by a soft mass without infarction of the
spinal cord. The tumors manifesting themselves
very early, accordingly, seem accounted for on
the basis of more or less massive development
of a fatty mass within the dura at some time in
embryonic life. In the one group this mass is
very large, and other severe defects help to ex-
press the faultiness of the germ plasm or the
seriousness of the factor operating in utero on
the embryo and rather overshadow the intra-
spinal tumor with regard to the clinical picture
and as a cause of death. In the other group the
fatty mass is less large but so nearly fills the
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neural canal that it is not long in reaching such
a size as to interfere with function of the spinal
cord. The long history of trouble is to be con-
sidered an expression of the slow growth of the
tumor and the ability of the spinal canal to ac-
commodate it by widening. A variety of less
severe developmental defects may accompany the
intraspinal lesion.

The clustering of cases around the beginning
of the third decade may have something to do
with the filling out of the body generally, through
the deposition of fat in the adipose tissue. The
fact that 6 of the 7 patients in this category were
females does not detract from this hypothesis.
If such deposition is the correct explanation, then
it is probably dependent on a nidus present be-
fore birth, as indicated previously.

The grouping of the cases in the early part of
the fifth decade might be suspected to result from
the final overtaking by a slowly increasing mass

~ of a cord the vessels of which are becoming in-

creasingly sclerotic and less and less adaptable to
outside interference.

In only 1 of the cases (Ritter!®) was the
histologic picture significantly different from
that of numerous other tumors of this type. In
this single case there was definite evidence of new
formation of fat and real activity, so that the
sudden onset must be largely attributed to rapid
increase in size of the tumor.
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'Fig. ‘}.~—Duration of symptoms arising from intra-
spinal lipoma before death of the patient or surgical
removal of the tumor. The values for the intradural

lipomas are plotted above and those for the extradural
lipomas are plotted below the axis abscissas.

Reflections on the duration of symptoms before
the death of the patient or before surgical re-
moval are rather unproductive because the ter-
minal issues are not equivalent. Figure 4, dis-

18. Ritter, A.: Ein Lipom der Meningen des Cervical-
marks, Deutsche Ztschr. f. Chir. 152:189-209, 1920.
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playing the duration of symptoms until operation
or death, is worth a moment’s attention. It shows
the great variation, but also indicates how in
marny cases, contrary to the general impression,
the lipoma is of short duration. The median
period is somewhere between three and four
years.

The symptoms of the intradural lipomas are
perhaps a little different from the symptoms of
tumors of the spinal cord as a whole. Spon-
taneous pain, aside from painful cramp, was a
prominent symptom in 10 of the 29 cases. In 3
cases (Oppenheim and Borchardt®; case 1 of
this series; Bucy and Gustafson 2°) pain was
limited to the spine. In 3 cases there was distal
pain which must have been due to the tumor but
was not explicable on the basis of root irritation
or osseous involvement. In only 4 cases were
there pains which probably were of root origin.
It is clear that definite root pain is not often
caused by an intradural lipoma, despite the fre-
quent involvement of roots by the tumor. The
explanation depends on the fact that this tumor
is almost always so firmly fixed to the cord that
the traversing roots are not pulled on when the
intraspinal hydrodynamic relations suddenly
shift.

An early symptom in 4 cases was awkward-
ness in use of the arms or legs not associated with
manifest weakness. In Stookey’s #* and Bucy and
Gustafson’s 2° cases” walking was retarded and
was never normal. In the latter case the patient
became unskilful in use of the hands. In case 1
of this series a maladroit gait, and then clumsi-
ness of the arms, developed. In Jabotinski’s 22
case awkwardness of the left arm was observed
at the onset of the trouble.

Other symptoms were those common to all in-
traspinal tumors and were of no diagnostic help.
Nine of the 29 cases of intradural lipoma were
of no value in determining which features of the
clinical examination were characteristic, if any.
Many of the remaining cases are not of great
value for a variety of reasons.

In 8 cases (Turner 2*; Oppenheim and Bor-
chardt19; Ritter 8; Elsberg’s case VI 2¢;

19. Oppenheim, H., and Borchardt, M.: Weiterer
Beitrag  zur Erkennung und Behandlung der Riicken-

marksgeschwiilste, Deutsche Ztschr. f. Nervenh. 60:
1-31, 1918,

20. Bucy, P. C., and Gustafson, W. A.: Intradural

Lipoma of the Spinal Cord, Zentralbl. f. Neurochir. 3:
341-348 (Jan.) 1939.

21. Stookey, B.: Intradural Spinal Lipoma: Report
of a Case and Symptoms for Ten Years in a Child Aged
Ele\'el}; Review of the Literature, Arch. Neurol. &
Psychiat, 18:16-43 (July) 1927.

22. Jabotinski, J.: Fibrolipome intradural de la moelle,
Rev. neurol. 72:13-31 (July) 1939.

Scherer 25; Guillain, Bertrand and Salles *°;
cases 1 and 2 of this series) there were displayed
what were essentially transverse lesions of the
cord without specificity of selection of fiber
tracts.

In case 3 of this series, that of a tumor of the
right posterolateral region of the cord, the symp-
toms were about what one would expect. Ap-
preciation of pain was diminished-in the sacral
dermatomes of the opposite side. Joint and vi-
bratory appreciation was affected bilaterally, but
more on the side of the tumor than on the oppo-
site side. Abnormal reflexes were present in
both legs, but only the right leg was weakened.
The absence of sensory change in the dermatome
served by the affected segment and root of the
cord is explained by the slight linear extent of
the portion of the cord affected and by overlap
from adjacent dermatomes.

Before lumbar puncture Elsherg’s?! patient
(case 8) had only spastic paraplegia, which was
worse on the side on which the tumor lay than on
the other side. After the puncture total anesthesia
developed up to the fourth thoracic dermatome.
The patient of Bucy and Gustafson 2° was tetra-
paretic, hypesthetic below the clavicles, insensi-
tive to joint motion and vibration in the legs and
hyposensitive in the arms to these modalities, but
he had no disturbance of appreciation of pain or
temperature. The most severe disturbance, the
loss of joint and vibratory sense, was in accord
with the position of the tumor on the posterior
surface of the cord. Fay’s ?” patient had spastic
paraparesis and impaired vibratory and position
sense in the legs until a lumbar puncture was
done. Then the vibratory and position defect in-
creased, and the appreciation of pain and tem-
perature became impaired below the sixth tho-
racic segment, a dissociation the reverse of that
displayed by Bucy and Gustafson’s patient.
Stookey’s 2* patient had spastic paralysis of the

23. Turner, F. C.: Lipomatous Tumor ('? Sarcoma)
of the Spinal Cord, Tr. Path. Soc. London 89:25-27,
1888.

24. Elsberg, C. A.: Tumors of the Spinal Cord and
the Symptoms of Irritation and Compression of the
Spinal Cord and Nerve Roots: Pathology, Symptoma-

tology, Diagnosis and Treatment, New York, Paul B.
Hoeber, 1925.

25. Scherer, E.: Die extramedulliren pialen Lipome
an der hinteren Wurzellinie des Riickenmarks (Kasuis-
tischer Beitrag), Ztschr. f. d. ges. Neurol. u. Psvchiat.
154:507-520, 1936. i

26. Guillain, G.; Bertrand, 1., and Salles, P.: Les

lipomes spinaux intra-duraux, Ann. de méd. 42:119-131
(June) 1937.

_27. Fay,'T.: Vasomotor and Pilomotor Manifesta-
tions: Their Localizing Value in Tumors and Lesions

of the Spinal Cord; a Report of Thirteen Verified
Cases, Arch. Neurol. & Psychiat. 19:31-46 (Jan.) 1928.
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legs, flaccid paralysis of the arms, absence of
vibratory appreciation in the legs and distur-
bance of pain and touch appreciation from the
fourth dermatome on the left side only.

Braubach’s *® patient was too young and too
sick for satisfactory sensory examination, but
she had hypesthesia and hypalgesia in the arms
and legs and paralysis of the right arm and of
both legs. It is remarkable, and of some signif-
icance, that the right arm was palsied while the
left remained unaffected. The large tumor in-
volved the, segments of the cord giving rise to
the brachial plexus and lay on the same side as
the paralyzed arm. While the roots lay anterior
to the tumor, the unilateral ‘palsy is best ex-
plained on the basis of destruction of the roots
by stretching (?), rather than of compression
of the anterior horn, and the paralysis must
have been of the lower motor neuron type.
Scherer’s #° patient had a palsied arm from a
tumor in a similar location, but in this instance
the mass enclosed many roots. The same specu-
lations apply to Scherer’s case as to Braubach’s;
and if these 2 instance of paralysis of the homo-
lateral arm may be explained as has been sug-
gested, this feature is unique to lipoma. No
other single tumor possesses sufficient linear
extent to implicate enough roots to cause paraly-
sis of the arm as a whole. Other tumors may of
course be of considerable linear extent, but the
paralysis is bilateral because it is due to com-
pression or destruction of the anterior horn and
both sides are affected.

Painful flexion of the neck and tenderness of
the spinal column were observed in a few cases,
but these features in no wise help to distinguish
lipoma from other intraspinal tumors. Anisocoria
was present in a few cases of cervical tumor, and
in the 1 case in which the relations of the tumor
were accurately established (Jabotinski??) the
tumor lay on the side of the miotic pupil, as is to
be expected.

Spinal puncture was performed in 13 of the
29 cases of intradural lipoma. In 5 cases the
report failed to mention the results of the mano-
metric study. In 3 of the 8 remaining cases there
was no hydrodynamic block; in 4 cases there was
partial block, and in’ 1 case, almost complete
block. The cerebrospinal fluid was abnormal in
each case in which block was absent. In 1 case
only the reaction for globulin was positive; in the
second case the total protein amounted to 100
mg. per hundred cubic centimeters of fluid, and
in the third case the fluid was xanthochromic
and contained increased protein. In this case

28. Braubach, M.: Ein Fall von Lipombildung der
Riickenmarkshiute, Arch. {f. Psychiat. 15:489-495, 1884.

the initial pressure was zero, but jugular com-
pression caused a prompt rise to 10 cm. of fluid,
Release of the compression was followed by a
prompt return to zero. Significantly, this
manipulation caused pain to appear in the thorax
—pain such as was one of the patient’s presenting
symptoms. In 1 of the 4 cases in which there
was partial block the fluid was normal. In this
case the evidence of block was a rapid, but
steppage, type of fall of fluid pressure. In 2
cases in which there was partial block the total
protein amounted to 120 mg. per hundred cubic
centimeters of fluid. In the fourth case the fluid
was xanthochromic and globulin was present,
but the total protein content was not reported.
In the case of complete block the fluid was yellow
and contained large amounts of globulin. In 2
of the 5 cases in which no manometric data were
reported the cerebrospinal fluid was yellow and
contained globulin; in 1 case it contained globu-
lin; in 1 case it was diagnostic of tumor of the
spinal cord, in an unspecified manner, and in 1
case it was reported to contain 220 mg. of total
protein per hundred cubic centimeters.

The series is too small to enable one to relate
the size of the tumor to the degree of block. The
noteworthy circumstance is the failure of total
block in at least 4 instances (Bucy and Gustai-
son’s ?° case; cases 1, 2 and 4 of this series), in
which the tumors were of such size as literally
to dwarf the usual extramedullary block-produc-
ing tumor. The lipomas are somewhat similar to
true intramedullary tumors in their effects on
the pathway of the spinal fluid. They produce a
fusiform enlargement of the cord and expand
ever so slowly. They do not kink the spinal
cord by pressing on it at one spot or completely
fill the subarachnoid space in one small region;
rather, they run to considerable length and
leave the pathway stenosed but open. The pres-
ence of normal fluid in but 1 of 13 cases, and
this in the case of a very small tumor which al-
tered the hydrodynamic relations of the spinal
fluid, attests the tendency to discoverable en-
croachment, if not obstruction.

Roentgenograms or myelograms or both were
made in 14 of the 29 cases. In 5 instances local-
ized widening of the spinal canal by erosion of
the vertebral body or pedicles was noted; in 1
instance the interpretation was kyphosis and
arthritis; in 4 instances the spinal column was
normal, and in 4 instances the report of the
myelogram did not include mention of the bony
changes, if any. The tumors associated with bony
changes were not significantly larger than the
tumors associated with a spinal column which
was reported as normal. Indeed, one of the small-
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est tumors of the series (case 3 of this series)
caused erosion of one pedicle. Neither did the
age of onset or the duration of symptoms seem
to bear any relation to the presence of bony
changes. In Stookey’s 2! case, however, in which
there was the most extraordinary widening of
the canal, the onset of the trouble appeared at a
very early age. It is probable that if more roent-
genographic studies were reported a case could
be made out for the more constant appearance
of bony changes with the early onset and long
duration of symptoms. In 8 cases myelographic
studies were made. In 3 cases there was com-
plete or almost complete obstruction; in.2 cases,
partial obstruction, and in 1 case, indication of
tumor of an unspecified nature; in 1 case the
results were unknown, and in 1 case (Eckart *°)
there was no evidence of any obstruction, al-
though the tumor was of great linear extent.

Other physical defects were rather commonly
associated with the lipomas. Extreme instances
of such an association are the cases of Wolbach
and Millet,” of Baker and Adams?3® and of
Bielschowsky and Valentin,®* in which the de-
fects were too numerous and too obscurely re-
lated for one to say much except to classify the
lesions as “multiple congenital anomalies.” In 2
cases subcutaneous lipomas overlay the deeper
lipoma, an occurrence which is immediately ar-
resting, seeming to exceed in importance its
mere application to the matter at hand to bear
- on the question of the derivation of the lepto-
meninges. It is probably of little significance
that in 2 cases the patients were obese. The
occurrence of pilonidal cysts in 2 cases should
not cause one to interpret the lipoma in a similar
embryokinetic light.

The distribution of the intradural lipomas
along the length of the spinal cord is subject
to some law which favors certain regions and
tends to avoid others. In analysis of data on the
tumors from this standpoint, we took care to
translate the various data into terms of the actual
level of the cord by referring to figure 54 of the
1939 edition of Ranson’s ®* textbook. Although
€rrors are unavoidable in an attempt to decide on

which segments of the cord were exposed from
M

29. Eckart, G., cited by Bucy and Gustafson.20

30. Baker, A. B., and Adams, J. M.: Lipomatosis

of the Central Ner T
219 Oty 1038 uS System, Am. J. Cancer 34:214

31 Bielschoysky, M., and Valentin, B.: Ueber ein
- ;gzxnar& .th)x.(i.léenmark mi.t gydrosyringomyelie und

1ssbildungen, J. {. . . 34:
225233 (Fany 192§.n J sychol. u. Neurol. 34
SSZ. Ranson, S. W.: The Anatomy of the Nervous
t_ystem from thg Standpoint of Development and Func-
1181?9’ ed. 6,. Philadelphia, W. B. Saunders Company,

descriptions of laminectomy incisions, the devia-
tion is not likely to be large, and considerably
more accuracy is attained than if laminectomy
levels and segment levels of the cord were
mingled in the making of comparisons. In 12
cases the tumor lay entirely above the seventh
thoracic segment of the cord, and in 7 cases,
entirely below the sixth thoracic segment; in 3
cases the tumor was small and occupied exactly
the midthoracic region ; in 5 cases the tumor was
very long and lay both above and below the mid-
thoracic level; in 1 case it was shorter, and in 1
case the location was not given. The only tumors
involving the upper sacral segments were the 3
huge ones appearing as a feature of multiple
congenital anomalies and attended by early death
—not to say that the lesion of the cord was the
cause of death-—and the tumor reported by
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Fig. 5.—Longitudinal distribution of intradural lipo-
mas with reference to the spinal cord. Data concerned
with laminectomy and the like obtained from reports
in the literature have been translated into terms of the
actual segment of the cord probably involved. Pure
surmises are indicated by dots. The column to the right
indicates the total number of times each segment was
involved by tumor. The number at the top of cach

tumor refers to the number of the case as listed in
table 1.

André-Thomas and Jumentié.®® The most ac-
curate manner of dealing with the problem of
segmental distribution is to show graphically the

_33. André-Thomas and Jumentié, J.: Lj
cone terminal, Rev. neurol. 20:222 (Jan. 25)1pg§n162. du
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number of times each segment of the cord is
occupied by tumor (fig. 5). The lower cervical
and upper thoracic region is the favorite seat of
these tumors, and the conus medullaris is the
most avoided region.

The distribution of the tumors around the
circumference of the cord shows a predilection
for certain segments of the circle and an avoid-
ance of others. The study of this feature is at-
tended by considerable inaccuracy, for detailed
descriptions of the circumferential extent of the
tumors are scarce and one must often depend
on inference. Operative cases are of less value
in the determination of this point than necropsy
cases. Despite these reservations, the plotting
of this relation to the cord brings out certain
striking facts (fig. 6). In 21 cases the tumor
involved the dorsal aspect of the cord between
the dorsal root lines. In 6 cases the tumor was
entirely anterior to the root lines or involved

case reported by Beykirch® the tumor arose
from the cauda equina. The tumor of the filum
in the case reported by Spiller,® which enclosed
root fibers, and the smaller tumors in Wolbach
and Millet’s 7 case bring to 4 the cases of tumors
arising in locations other than the medullary pia.

Recapitulation—Certain symptomatic, clini-
cal, laboratory and gross anatomic features of
the intradural lipoma are at variance with the
corresponding features of tumors of the spinal
cord as a whole, and it is possible that attention
to these features in the future may make possible
the diagnosis of the tumor prior to exposure.
Tumors making themselves known before the
third year of life, about the beginning of the third
decade and about the beginning of the fifth
decade of life are suspect. The duration of the
symptoms is of little help, but if the history is
long lipoma should be especially considered. Pain
of various sorts is common in cases of lipoma,

Fig. 6—Circumferential distribution of the intradural lipomas with reference to the spinal cord. The space
between the small circular structure representing the cord and the larger circular structure of similar outline repre-
sents the pia, and it is in this space that the tumors lie. The extremity of the cord lying off to the right represents

the cauda equina.

the roots themselves. In the cases of Gowers®
and Turner 22 the tumor involved, in addition to
the dorsal surface, the lateral portion of the cord.
In Elsberg’s 2¢ 2 cases the tumors differed from
the other lipomas in that they originated just
anterior to the dorsal roots and were not trav-
ersed by them. In 8 cases the tumor appeared
to have arisen from the dorsal surface of the
cord without incorporating roots in its substance.
The state of involvement of the roots was un-
known in 6 instances. In 15 of 26 cases the
tumor implicated roots, and in 1 or 2 cases it
probably did so; in 5 cases the tumor definitely
did not involve the roots, and in 3 others it prob-
ably did not. Scherer ** expressed the opinion
that the tumor reported by him actually arose
in the line of the posterior roots. Case 3 of this
series is unique because of the origin of the
tumor from a thoracic dorsal root alone. In the

The numbers refer to cases as enumerated in table 1.

|

}

but if the pain is definitely radicular, especially |
if limited to a narrow zone, the presence of lipoma -
is unlikely, though not impossible. Awkward-
ness in the use of the hands and ataxia in walking
when recited as early symptoms and before
weakness was noted suggest lipoma, especially
if the patient is young.

Physical findings are of little help. Signs
suggesting lipoma are diminution of joint and
vibratory sensibility out of proportion to other
sensory changes and unilateral flaccid paralysis
of an extremity due to an intraspinal tumor. If
a lipoma is present, one is not likely to discover
a complete manometric block at the time of lum-
bar puncture, but the fluid will almost certainly
contain globulin or excessive protein (frequently

34. Beykirch, A.: Klinischer Beitrag zur Buerteilupg i
der myelographischen Réntgenbilder, Beitr. z. klin. |
Chir, 142:301-321, 1928.
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only small excesses) or be xanthochromic.
Roentgenograms cannot be counted on to reveal
bony changes, but if there are evidences of widen-
ing of the spinal canal over three, four, five or
more vertebrae the presence of a lipoma is sug-
gested. The myelogram cannot be counted on
to enable one to diagnose the exact relation of
the tumor to the cord. If, in the presence of the
suggestive features mentioned, the examination
points to a cervicothoracic location for the trou-
ble, the possibility of lipoma is good. The pres-
ence of congenital defects, especially a lipoma of
the back overlying the suspected segments of the
cord, lends confidence to the diagnosis.

Pathologic Features of Intradural Lipomas—
Certain aspects of the pathologic picture of in-
tradural lipoma have been briefly mentioned to
point up the discussion of the clinical changes,
but a more minute inquiry is now in order.
Characteristics which bear looking into are the
relation of the fatty mass to the neural tissue
and its envelopes, the reactions evoked in the
neural tissues and its envelopes, the amount and
origin of the stroma and capsule of the tumor,
the amount of involvement of roots and the na-
ture of this involvement and the type of fat
composing the tumor.

Concerning the exact relation of these tumors
to the cord there is little disagreement. After
11 cases are excluded because of lack of sufficient
information or because the tumor lay on the
roots or the filum terminale, there remain 18
cases which are of importance with respect to
the relation to the cord, and in all these cases,
with 1 possible exception, the tumor lay on the
side of the cord in an extramedullary position
but so firmly and intimately attached to the cord
that the superficial resemblance was to intra-
medullary tumor. In every case there was de-
scribed a layer of connective tissue which
separated the adipose tissue from the neural
tissue, and in 11 cases (Gowers; Braubach ; Rit-
ter; Elsberg *; Bielschowsky and Valentin;
Fay; Scherer 2°; Guillain, Bertrand and Salles;
Bucy and Gustafson; case 2 of this series) the
authors stated the opinion that the tumor arose
In the pia and that the lamina between the cord
and the tumor was of pial origin.

Cases likely to be the subject of controversy
over this matter of pial origin and extramedullary
logation are those of Elsberg,?* Turner,* Jabotin-
ski ** and Sachs and Fincher.? Elsberg described
the location of his 2 tumors as “subpial,” but that
he did not mean by this that they were intra-
medullary is shown by his classifying them with
the extramedullary tumors. Turner’s tumor, de-
scribed as invasive, and probably malignant, pre-

" suggested by Stookey.*

sented on the surface, and the fatty portion was
separated from the cord by a mass of fibrous
tissue which had undergone proliferation.

The tumor described by Jabotinski is the most
controversial because the ends of it lay within
the medullary substance. A case can be made
out for the origin of this tumor within the cord
and its secondary migration to a superficial loca-
tion except for the poles. This mechanism was
Contrary to Stookey’s
statement, however, these tumors show a capsule
separating the fat from the cord, but this capsule
is not often of such a nature that the tumor can
be lifted from it, as in the case of Sachs and Fin-
cher. In Jabotinski’s case the presence of roots
within the tumor speaks for some origin other
than intramedullary, with subsequent migration.
To reconcile this tumor with the hypothesis of
pial origin it is necessary to suppose that the
hyperplastic pial septum invaded the cord at the
poles of the tumor and then became filled with
fat.

The tumor described by Sachs and Fincher
was reported as intramedullary, but attention to
the excellent illustrations and the relations de-
scribed in the operative note leave no doubt that
the tumor was separated from the cord by an
inner layer of pia and that the only dispute is
one of terminology.

Another point of importance is that fat has
never been described as lying bare within the
neural tissue or with only the sparse stroma that
one might reasonably associate with formation of
lipoma. Rather, the only fat lying within the
cord is associated with the heavy extensions run-
ning into the cord from the hyperplastic septum.
Jabotinski’s case is a possible exception.

The glial and neural elements of the cord re-
spond to the presence of the tumor by degenera-
ting when the pressure or interference with the
blood supply becomes critical. In all other in-
stances the cord seems to tolerate the fatty
parasite well. The same cannot be said for the
connective tissue of the leptomeninges, the pial
extensions into the cord or the endoneurium of
the roots. Twenty-one cases are pertinent to
this phase of the study, in which either necropsy
or operation was done and enough tissue was
removed to show the nature of the changes.

In 8 of the 21 cases the tumor showed little or
no reaction of connective tissue. The tumor in
Elsberg’s 2* case VI was described as a fibro-
lipoma, but no mention was made of pial or root
hyperplasia and the tumor was removable. Bev-
kirch 2% observed only a fine stroma with few
nuclei in his tumor of the cauda equina, but the
whole tumor was not removed. The tumor re-
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moved by Sachs and Fincher is one of which one
may be certain, since it was removed in foto, was
shelled from the cord and was histologically
negative for evidence of hyperplasia of the con-
nective tissue. The tumor described by Bucy
and Gustafson had only increased reticulin near
its attachment to the cord and a heavy capsule
on the free surfaces. Elsberg’s description of
the tumor in his case VIII was accompanied by
photomicrographs demonstrating much
cellularity in one location than in the other, but
there was nothing in the description to indicate
pial or root hyperplasia. In the cases of Wolbach
and Millet? and Fay #* there was minimal “in-
vasion,” and though this probably meant invasion
by hyperplastic pial extensions, it is safest not
to make the assumption. The tumor of the filum
described by Spiller ¢ is the last of the 8 tumors.

In 13 cases (Gowers?®; Braubach®®; Tur-
ner #; Oppenheim and Borchardt!?; Ritter *8;
Henneberg 3°; Bielschowsky and Valentin 3*;
Scherer 2°; Guillain, Bertrand and Salles 2%;
Baker and Adams *°; Jabotinski **; cases 2 and
3 of this series) the extent of changes in the
connective tissue ranged from moderate to re-
markable. The alterations were by no means
similar in all cases. On the one hand are the
case of Gowers,? in which slight pial thickening
and abundant fibrous tissue appeared in the
portion of the tumor next the cord, and the casé
of Bielschowsky and Valentin®* in which pial
thickening and radicular endoneural prolifera-
tion were present; on the other hand are the
cases of Scherer #* and of Guillain, Bertrand and
Salles 2¢ and case 2 of this series, in which there
was conspicuous proliferation of the endoneurium
of traversing roots. It is probable that in
Stookey’s ** case and in cases 1 and 4 of this
series the tumors would show a similar picture if
they were examined i toto. One-half the tumor
in Turner's case was fibrous and cellular to such
a degree that it was considered sarcomatous. In
Ritter’s case the tumor contained cellular strands
running into the cord and many embryonic fat
cells and was considered to be a lipoblastoma.

The question arises whether these prolifera-
tive changes were actually induced in the con-
nective tissue by the fat, or whether they

constituted the primary defect and the deposition”

of fat was secondary. This of course is difficult
to answer, but it is likely that in some cases
merely a pial thickening was secondary to pres-
ence of the fat (as would be the adhesion of the

35. Henneberg, R.: Ueber Geschwiilste der hinteren
Schliessungslinie des Riickenmarks, Berl. klin. Wchn-
schr. 58:1289-1293 (Oct. 31) 1921.

more

ARCHIVES OF NEUROLOGY AND PSYCHIATRY

dura to the tumor, reported in a few cases),
while in other cases both the fat and the pro-
liferation of connective tissue were manifestations
of the same process.

The septal and stromal elements of the tumor
have connections with the capsule and must be
of similar pial origin. A false impression of the
amount and nature of the connective tissue pres-
ent may be obtained if too much attention is paid
to the piece of fat removed from the surface of
a lesion incapable of being totally removed. Most
of the tumors showing pronounced fibrous hyper-
plasia at the tumor-cord interface are almost
wholly fatty in the locations from which one
would take a bit for biopsy.

In 15 cases nerve roots traversed the lipoma;
in 5 cases they did not, and in 2 cases roots were
probably implicated but surgical exploration was
not extended to determine this point. In
8 instances (Gowers?®; Spiller®; Ritter?;
Scherer 5; Guillain, Bertrand and Salles *¢;
Baker and Adams 2°; cases 2 and 3 of this series)
the roots were more or less extensively broken
up by fat, which in some manner had insinuated
itself into the spaces between the individual nerve
fibers. Instead of the root fibers traversing the
fat in well defined bundles of normal size, the
bundles were filled with fat, as though the fat
had arisen from an element in intimate contact
with the individual fibers or had extensively
invaded from without. The appearance of such
an area on cross section, especially with the
myelin stains, is somewhat like that of the mag-
netic field of a straight bar magnet when de-
lineated by iron filings on a sheet of paper.
Scherer’s 2° figure 3 is the most perfect illustra-
tion of this iron filing effect imaginable, for it
shows the complete pattern. Figure 4 in the
article by Guillain, Bertrand and Salles *® and an
illustration in Spiller’s report ¢ show this effect

* less completely. Figure 1a of this study repre-

sents a small area of a root-bearing field cut on
a plane parallel with the fibers, but the field ic
too small and the magnification too great to
demonstrate the iron filing effect.

The fatty tissue of the intradural lipoma is
practically never any but adult adipose tissue.
In 20 reports the fat was described by this term
or by synonymous terms. In an additional 5
cases the tumor was a mixture of adult adipose
tissue and fibrous tissue—fibrolipoma. In the
case of Ritter?® all the transitions from em-
bryonic fat to adult fat were shown. Along the
capsule and septums this new formation of fat
was going on. This lipogenesis, together with
the actively growing extensions into the cord and
the rapid progression, certainly justifies the desig-
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nation of liposarcoma. In a single instance (case
2 of this series) tissue suspected of being
myxomatous was present.

Granted that the tumor described by Ritter
was malignant, were not some of the other
tumors malignant, too? Turner’s was the only
one so described by the author. It is certain that
under the influence of either the lipoma or the
factor causing the lipoma the fine strands of pia
which normally follow vessels into the cord and
the septums which extend into the cord from the
pia and the root endoneurium become hyperplas-
tic and increase their cellularity. This invasion
of pial connective tissue within the neural tube
seems to have some of the essential characteristics
of malignancy. The tissue appears to be pro-
liferating, though ever so slowly, and the invasion
is so pronounced as to make impossible complete
local eradication.

The one question on which, it seems to us, the
problem of malignancy turns is whether or not
these hyperplastic extensions cause destruction
of the tissue of the cord. At first glance it seems
as though they did, but it must be remembered
‘that no case is pertinent to this discussion if
pressure on the cord by the mass of the tumor
went unrelieved before destruction of the cord
was already present. In cases in which both the
invasion and the pressure operate, it is impossible
to say which was the cause of the destruction.
If one could answer affirmatively the question
whether after the almost complete removal of
the lipomatous mass the fibrous extensions into
the cord continue to grow and to destroy the
cord in the absence of recurrence of a pressure-
producing mass the process would have to be
considered malignant. There is, however, no

case in which such an answer can be given. In-
deed, certain cases tend to indicate that destruc-
tion of the cord does not proceed after removal
of the pressure. In the case of Kernohan, Wolt-
man and Adson relief from pressure on the cord
was effected by partial removal of the tumor
" and wide laminectomy, and the condition, instead
of continuing to grow worse, became entirely
normal and began to regress only after an in-
terval of nine years, when, presumably, the
pressure on the cord again became operative.
The validity of this line of thought is greatly
diminished because there is no definite evidence
that the cord was invaded in the manner under
consideration. The cord in case 2 of this series
was definitely invaded, and the patient has shown
steady improvement over her postoperative con-
dition during the past eight years. Counteracting
this result is that in the case reported by Stookey,
who secured improvement over a three year

period, when regression began. It cannot be said
with assurance that any tumor except Ritter’s
was malignant, and it is our opinion that this
cellularity and invasive aspect of the pial exten-
sions into the cord do not constitute malignancy.

Etiologic Aspects of Intradural Lipoma.—The
puzzling question of the origin of lipomas in a
location ordinarily considered to be devoid of
fat cells has received the attention of a number
of recent investigators (Ritter 2¥; Henneberg *°;
Stookey ?*; Bielschowsky and Valentin *;
Verga % ; Krainer ®"; Scherer ®*; Guillain, Ber-
trand and Salles *®; Bucy and Gustafson 2°;
Jabotinski **). As Verga ®¢ indicated, in speak-
ing of intraspinal and intracranial lipomas as a
group, any hypothesis must account not only for
the masses of fat within the dura mater but for
the constant intimate relation of the tumors to
the pia mater, the connective tissue stroma
(sometimes osseous in cases of intracerebral
lipoma), the frequent association with anomalies
of development and the preponderant location
in the midline. To these features should be added
the predilection for the cervicothoracic junction
of the cord and for the dorsal surface of the cord,
the frequent early onset and the notable poten-
tiality for growth within the entering posterior
roots. It is our opinion that the iron filing effect
cannot be explained satisfactorily by invasion of
the root from without. No cells visible in these
regions appear capable of such an invaston. The
fat must be considered to have arisen within the
root at the same time as, and as an inseparable
feature of, the rest of the fatty mass.

It was shown long ago that, contrary to appear-
ances, the leptomeninges actually do contain small
amounts of fat, and Virchow,?® in 1863, availed
himself of this knowledge to explain intradural
lipomas, for it was his expressed view that these
growths arose from these self same fat cells. As
a larger number of cases accumulated, it became
apparent that the great majority of lipomas, es-
pecially of the brain, occurred in sagittal loca-
tions, whereas if any fat cells in the pia were able
to proliferate on occasion this distribution should
not obtain. Neither does this hypothesis apply
satisfactorily to spinal lipomas, none of which
have been reported to occur on the anterior sur-

36. Verga, P., cited by Sperling and Alpers.!

37. Krainer, L.: Die Hirn- und Riickenmarkslipome,

Virch . £ :107
191:‘:5C, ows Arch. f. path. Anat, 295:107-142 (July 8)

38. Scherer, E.: (a) Ueber die pial i

. T, . pialen L
Gehirns: Beitrag emcs.Falles von ausgedehntlgx? rx?en?ﬁ
%Eglicr Iflporzxjcat?]ge ; eénen Grosshirnhemisphiire bej
Mikrogyrie, Ztschr. f. d. ges Neurol. u. Psvchi :
45-61, 19353 (b) footnote 25, o Peychiat. 154:

39. Virchow, R., cited by Sperling and Alpers.
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face of the cord. The crucial point against Vir-
chow’s hypothesis is that adult fat cells do not
reproduce themselves (Wells #°) and that, what-
ever adult fat cells come from, it is not other
adult fat cells.

A second concept was that of Rindfleisch,*
who described lipomas originating through depo-
sition of fat in newly formed cell aggregates
deriving from the connective tissue. He did not
associate formation of fat with primitive cells
but, rather stated that it is a property of common
connective tissue to proliferate and then to be-
come adipose. Unexplained by this hypothesis
is the predilection for sagittal locations in the
brain and dorsal locations in the cord. Further-
more, fibroblastic cells are probably differentiated
cells incapable of giving rise to other types
(Maximow and Bloom **). Wilson, Bartle and
Dean ** expressed the opinion, however, that the
tumor they had described arose through meta-
plasia of the adult connective tissue of the pia.

A third possibility, briefly mentioned by Gow-
ers, and then dismissed, placed the origin with
fatty substances liberated by the degeneration of
neural structures.

A fourth hypothesis (Taubner #*) placed the
parentage with glia cells which proliferate and
undergo fatty degeneration. Stookey ?* briefly
considered a somewhat similar origin from glia
which picks up fat abnormally. Weighty evidence
lies against any such origin. The capsule of the
lipoma and the septums separating the tumor
from the cord have been, without exception, of
mesodermal, and not of glial, origin. Glia has
never been observed to take up fat in a huge
uniglobular manner so as to simulate adipose
tissue.

The predilection for sagittal locations has been
given such importance by some investigators that
they have proposed an origin through inclusion
of misplaced elements within the closing lips of
the neural groove. Bostroem*® grouped der-
moid, epidermoid and lipoma in the same
category as inclusion tumors stemming from
embryonic error before the 5 somite stage. Della

. 40. Wells, H. G.: Adipose Tissue, a Neglected Sub-
ject, J. A. M. A, 114:2177-2283 (June 1) 1940.

41. Rindfleisch, E.: A Manual of Pathological His-
tology to Serve as an Introduction to the Study of
Morbid Anatomy, translated by E. B. Baxter, London,
New Sydenham Society, 1872, vol. 1, p. 168.

42, Maximow, A. A, and Bloom, W.: A Textbook
of Histology, ed. 2, Philadelphia, W. B. Saunders Com-
pany, 1934,

43. Wilson, G.: Bartle, H,, Jr, and Dean, J. S.:
Intradural Spinal Lipomas, J. Nerv. & Ment. Dis. 91:
745-753 (June) 1940.

4{. Taubner, cited by Sperling and Alpers.t

45. Bostroem, E,, cited by Sperling and Alpers.1

Rovere *¢ expressed the opinion that the inclu-
sions causing lipoma were of mesodermal origin.
Ernst *7 stated that some portion of the dermal
anlage was sequestered in the closing neural
tube. Stookey ?* discussed the pros and cons of
this hypothesis in considerable detail, and, though
he was not entirely satisfied with it, he accepted
it as the best of the explanations available at the
time.

The very fact that this hypothesis is formu-
lated particularly to explain the sagitally located
tumors proves to be its greatest weakness, for
while it well explains the tumors in the midline,
it is so inflexible that tumors not in the midline
must be accounted for on some other basis. How,
for instance, may one explain the bilateral lipoma
of the medulla lying in the cerebellopontile angle
which was observed by Wolbach and Millet or
the 2 tumors of Elsberg,?* which arose from the
portion of the cord anterior to the posterior roots,
or the many other laterally, or even ventrally,
placed lipomas (Misch #8)?

Furthermore, these lipomas are never sur-
rounded by cord tissue, as one would expect if
their anlages had bheen able to get within the -
closing neural tube. In a single case (Jabotin-
ski’s) a portion of the fat was truly intramedul-
lary. These lipomas, lying in the pia as they do,
are of, but not in, the cord. This location seems
to speak against their having developed from any
germ within the neural tube.

In association with spina bifida fatty masses
are seen which may arise by the inclusion of fat
precursor tissue within the sclerotomes before
the neural arch closes, but the absence of exten-
sive spina bifida in the cases in which there are
huge intraspinal lipomas speaks against the
hypothesis of inclusion as applying to the latter
group. Closure of the neural arch is a sensitive
process and is liable to interference by minor dis-
turbances, many not even giving rise to clinically
detectable lesions, as in the case of spina bifida
occulta. That a mass of tissue could become
misplaced between the closing neural arches with-
out causing them to stay open seems unlikely.
The absence of dural attachments in almost every
case is also against such an origin for these
tumors. An argument applicable only against
the hypothesis of epiblastic inclusion is the con-
stant absence of any ectodermal tissue in the
lipomas, except for the infiltrated cord and the
nerve roots. The observation that a variety of

46. della Rovere, D.,
Stookey.2t

47. Ernst, P, cited by Sperling and Alpers.1

48. Misch, W.: Meningeal Lipomas in the Foramen

i\éggnum, J. Neurol. & Psychopath. 16:123-129 (Oct.)
35.

cited by Ritter 28 and by
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f congenital defects are present in cases of intra-
dural lipoma cannot be marshaled as evidence i}1
support of the inclusion hypothesis a.lone3 for it
equally supports any hypothesis assuming an
origin in defective embryogenesis, whether it is
misplacement, abnormal persistence or abnormal
differentiation of the anlage.

Another hypothesis of the origin of pial lipo-
mas, advanced by Verga, attributes them to em-
bryonic mesenchyme persisting from the early
stages of primitive meningeal formation, which
then forms the aberrant lipomatous growths.
Krainer reached much the same conclusion, but
with embellishments. He concluded that these
lipomas were not primarily independent growths ;
rather, he said that they were malformations of
some element in the primitive meninx which,
though it differentiated abnormally, continued to
behave like the meninx toward vessels and
nerves. By this he meant that the fatty masses
do not expand and displace nerves and roots,
with regard for nothing but their own enlarge-
ment. It is as though some part of the primitive
meninx, through an unknown defect, oriented its
differentiation toward adipose tissue rather than
toward fibrous connective tissue. Since the nor-
mal pia admits the posterior roots through the
pial ring and continues out within the nerve as
endoneurium, the adipose pia does likewise.
\Vhatever independent growth the tumor shows
is secondary. This hypothesis is attractive, for
a number of reasons. Tt harmonizes with the
intrapial location of the tumors and, especially,
with the growth within the roots. The short-
comings of the hypothesis are its lack of spe-
cificity concerning the exact cells responsible for
the formation of the fat, the cause of this forma-
tion and its failure to explain the predilection for
the cervicothoracic region of the cord.

The possibility of origin in a fat embolus was
embodied in a question put to Stookey ** by Dr.
Beverley Tucker during the discussion which
followed the presentation of his paper. It has
not been considered since.

The most recent proposal is that of Scherer,282
who adapted Wassermann’s ¢° researches on the
origin of adipose tissue to pial lipoma. Contrary
to the view expressed by Flemming *° and other
investigators -that the fat cells are derived from

49. Wassermann, F.: Die Fettorgane des Menschen.
Entwicklung, Bau und systematische Stellung des
sogenannten Fettgewebes, Ztschr, f. Zellforsch. u. mikr.
Anat. 3:235-328 (Feb.) 1926.

50. Flemming, W, cited by Bell, E. T.: L. On the
Occurrenqe of Fat in the Epithelium, Cartilage and
Muscle Fibers of the Ox; II. On the Histogenesis of

tlléc(:}()Adipose Tissue of the Ox, Am. J. Anat. 9:401-438,

fibroblasts, Wassermann confirmed the hypoth-
esis of Toldt® that fat is a specific tissue de-
rived independently of the fibroblasts. In early
embryogenesis, when the capillary net is develop-
ing in mesenchymal reticulum, the embryonic
vessels are surrounded by primitive mesenchymal
elements, some of which persist and later give rise
to the primitive fat organs which form the nucleus
of the fatty lobes and adipose tissue of later life.
Adipose tissue is thereby closely related to for-
mation of vessels and is to be considered a part
of the reticuloendothelial system. Capillaries are
of course everywhere, and the formation of a
lipoma becomes easily explicable. This simple
hypothesis fails to explain satisfactorily the predi-
lection of lipomas for certain locations, their
rarity in a vascular membrane, such as the pia,
and the association with other anomalies.

Is it possible to formulate a hypothesis which
will explain all the observed facts about these
lesions, square with the newer concepts of menin-
geal origin and fat formation and harmonize, to
some extent, the various hypotheses already con-
sidered? The following hypothesis seems to do
SO.

. The divergent views of investigators who
would derive the meningeal investment entirely
from mesoderm (Weed 52; Flexner *) and of
others who would assign to the neural crest an
important part in the genesis of these structures
(Harvey and Burr ®*; Harvey, Burr and Van
Campenhout *; Raven *®) seem now to be re-
solved. The neural tube is early invested by the
circumferentially flowing mesenchyme of ecto-
dermal origin—the neural crest. This leptomen-
ingeal anlage is not of single derivation, for
mesodermal tissue—endodermal mesenchyme—
mingles with it. Before long these two mesen-
chymes lose their distinguishing characteristics

51. Toldt, C,, cited by Bell, E. T.: L On the Occur-
rence of Fat in the Epithelium, Cartilage and Muscle
Fibers of the Ox; II. On the Histogenesis of the
i&gc(l)lgpose Tissue of the Ox, Am. J. Anat. 9:401-438,

52. Weed, L.. H.: The Development of the Cerebro-

Spinal Spaces in Pig and in Man, Washington, D. C,
Carnegie Institution of Washington, 1917.
5. F le.xrger, L.B.: The Development of the Meninges
in :Amphxbxa: A Study of Normal and Experimental
Amrn:ills, Washington, D. C, Carnegie Institution of
Washington, 1929.

54. Harvey, S._C., and Burr, H. S.: The Develop-
ment qf the Meninges, Arch. Neurol. & Psvchiat. 15
545-565 (April) 1926, . ’

55. Harvey. S. C.; Burr, H. S, and Van Campen-
lllzout, E.: Di'elc;)pmcnt of the Meninges: Further
xperiments, Arch. Neurol. & Psvchiat. 29:683-
(/‘gpril) s B ychiat. 29:683-690
6. Raven, C. P.: Zur Entwicklung der Ganglien-
leiste: V. Ueher dic Differenzierung des Rumpfgan;-
lienleisten-materials, Arch. f. Entwckingsmechn. Dd
Organ. 134:122-146 (March 9) 1936, '
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and become more differentiated in their progress
toward the adult pia-arachnoid. Further differ-
entiation is dependent on the extramedullary
passage of ventricular fluid. The surrounding
mesoderm forms the dural lamina, but even this
is not pure endodermal mesenchyme, {or neural
crest elements contribute to it

Whether the vascularization of this compound
pial anlage is accompanied by invasion of vessels
from without or by formation of capillaries within
its substance is of no importance to this discus-
sion. The point is that both the pial anlage and
the surrounding mesenchyme are of compound
origin and become a more differentiated tissue
composed of an apparently single element before
vessels appear in the pia. Any fat appearing in
the meninges must come from mesenchymal cells
persisting around the capillaries. These mesen-
chymal cells are somehow prevented from form-
ing fat in all but a few cases, and it may be
hypothesized that this potentiality is almost com-~
pletely held in abeyance by some local peculiarity
of the tissue resided in. Perhaps the presence of
mesenchyme of ectodermal origin exerts this in-
fluence. Formation of fat in other organs and
locations is held in check for reasons which must
be resident in the specific locations. The check
on formation of fat fails because of some defi-
ciency of the crest elements in the developing pia
in certain locations. That this deficiency is but
a part of a more or less generalized defect of ec-
toderm is suggested by the occurrence of other
congenital defects, almost all of which originate
in ectodermal faults.

Reasoning from the predominance of subcu-
taneous lipomas over the upper part of the back,
the shoulders and the neck and the location in
these segments of the interscapular gland of some
animals (Geschickter **), one may say that the
potentiality for formation of adipose tissue in
these segments is greater and the orientation to-
ward formation of fat in the pia of these segments
is stronger than in other locations because of its
derivation from similar mesenchyme, and con-
sequently it more often overcomes the checking
influence. The predominantly dorsal location on
the cord and the failure of the fat to encircle the
cord completely may be due to the fanning out of
the crest elements as they flow around the cord,
so that as mpre anterior positions are reached the
deficient region is adequately covered by nonde-
fective crest fromi adjacent segments. This
hypothesis explains the intimate association of
fat in roots because the ruots penetrate a pia des-
tined to become adipose and the fat actually
develops in the pial ring and endoneurium, The
hyperplastic nature of the strands invading the

ARCHIVES OF NEUROLOGY
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cord from the inner surface of the septum sepa-
rating the cord from the tumor is perhaps to be
regarded as a preparation for transformation
into adipose tissue. Formation of fat in these
strands is an observed fact.

Whether this panniculus adiposus of the pia is
to be regarded as a neoplasm or as a malforma-
tion, as Krainer would have it, is a difficult
question. The tumor described by Braubach did
not respect the nerve roots, for it displaced them
anteriorly and, though these root fibers were said
not to be severely degenerated, the arm served
by them was paralytic. Certain tumors (Ritter;
Oppenheim and Borchardt; Stookey; Bucy and
Gustafson) had free poles, a feature indicating
that the fatty mass increased in a longitudinal
direction so that it spilled over the ends of the
region giving rise to it. This may or may not
indicate independent growth. If we may disre-
gard for the moment the question of independent
growth, it appears to us that there is no essential
difference between the formation of fat in greatly
abnormal amounts in the pia and the formation
of an abnormal mass of fat in the subcutameous
tissue. Both processes require the proliferation
of fat precursor cells and subsequent differentia-
tion into the adult type. Both processes imply
a failure of regulatory activity. From a philo-
sophic point of view both masses are to be re-
garded as neoplasms.

EXTRADURAL LIPOMA

The cases of fatty tumors lying outside the
dura are neither so numerous nor so adequately
reported as cases of the intradural variety. A
large percentage were reported during the pre-
vious century, and there has been no increase in
the number of cases recorded recently, such as
was observed with the tumors inside the dura.
This perhaps is to be explained by the fact that
there has been a recent renewal of interest in the
formation and nature of the leptomeninges and
fatty tumors in this location are regarded as of
special significance. Extradural lipoma, how-
ever, is of a commoner cut, needing no special
explanation, exciting less interest and more often
going unreported.

Table 2 lists the cases of extradural lipoma in
chronologic order. Additional data on 3 cases
of extradural lipoma observed at the Mayo Clinic
(cases 18, 19 and 20 of table 2) follow.

Case 5~A man aged 49, a merchant, registered at
the clinic on May 6, 1912, with the complaints of weak-
ness of the legs associated with spasms which doubled
up the legs, pain in the back which extended around
the body and difficulty in starting the flow of urine.

The family history and the patient’s previous medical
history were noncontributory. The trouble had begun

-
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22 ARCHIVES OF NEUROLOGY

one year prior to registration in the clinic, when the
right leg became weak for three weeks and then re-
turned to normal. Six months before registration the
left leg began to weaken and in three months became
so weak that the assistance of a cane was required in
walking. A month later the right leg again became
weak, and the patient was soon unable to stand. Then
there developed flexor spasms in the leg and a pain in
the back, which extended about the body. No mention
was made of exaggeration of this pain at night or on
straining. Soon all voluntary motion had departed
from the legs. Constipation and the urinary difficulty
completed the picture. The weight bad dropped from
220 to 165 pounds (100 to 84 Kg.) in an unstated
period.

Examination revealed a painful zone over the mid-
thoracic spinous processes, a sensory level at the ninth
thoracic dermatome below which touch was normal but
appreciation of heat and cold was absent, severe spastic
paraplegia, increased patellar and achilles reflexes, ankle
clonus and a Babinski sign bilaterally. Roentgenograms
of the spinal column revealed nothing abnormal.

On May 16, 1912 laminectomy of the fifth to the
eighth thoracic vertebrae was performed. Just as the
lower part of the incision was being dealt with in a
focation where the intraspinal contents seemed enlarged,
the patient’s condition became alarming and the incision
was closed. Eight days later additional neural arches,
extending from the lower end of the previous incision,
were removed, together with an extradural lipoma.

The surgeon was inclined to be hesitant in ascribing
the trouble to this fatty mass, but four years later the
patient reported that he had had steady improvement
and was walking with a cane, Laxatives were re-
quired, but he had good vesical and rectal control.
Slight numbness was present in the legs. The spasms
had disappeared. The eventual outcome is unknown.

The specimen is no longer available, and no descrip-
tion of the tumor was given except that it was called
a lipoma.

Case 6~A white woman aged 33, a housewife,
registered at the clinic on Aug. 2, 1933, with the com-
plaint of weakness of the legs, urinary urgency and
numbness extending to the waist. .

The family history was of possible significance.
Obesity was a trait of the patient’s maternal ancestors.
One sister was obese, and her mother died of diabetes
and paralysis. The patient weighed only 98 pounds
(44 Xg.) when she married, but with each of four
pregnancies she gained 20 to 30 pounds (9 to 14 Kg.),
and at the time of registration she weighed 202 pounds
(92 Kg.), although she was short.

The patient’s trouble had had its onset on Dec. 28,
1930, at which time she was in the third trimester of
pregnancy. While she was attending her mother's
funeral her feet became numb. This numbness slowly
increased but did not occasion any alarm until Feb. 4,
1931, when, during parturition, she suddenly lost all
sensation and motion from the upper part of the
:}bdomen down. A week and a half later there was no
improvement, and the patient was told that she could
never recover. The next day she could wiggle her
toes. By May 1931 her condition had improved to such
an exfent that her feet merely felt heavy and slightly
numb, and she was able to do all her own work. This
status obtained until December 1932, when she suddenly
bctgame numb to the waist. Inc-casing paraparesis and

urinary urgency began soon afterward.

The results of physical examination were unremarkable
except for the obesity and the neurologic signs. There

AND PSYCHIATRY

was complete anesthesia from the costal margin down
except for an area of seemingly normal sensitivity in
the right lower sacral and coccygeal dermatomes and
areas of only moderately diminished sensitivity over
the lower portion of each calf and the posterolateral
aspect of the left hip and thigh. Joint and vibratory
sensibilities were absent as high as the iliac spines.
Power in the legs was moderately diminished, withowt
any particular muscle groups being selectively affected.
The abdominal reflexes were absent. A Babinski sign
was obtained bilaterally. The patellar and achilles re-
flexes were moderately hyperactive but equal .on the
two sides, There was no clonus. The heel to knee
and the Romberg test gave results indicative of dis-
turbance of the proprioceptive sense. The tone of the
anal sphincter was normal.

Roentgenograms of the spinal column and thorax
revealed nothing abnormal, and results of routine ex-
amination of the blood, urinalysis and flocculation tests
were normal. Lumbar puncture revealed an initial
pressure of 12 cm. of fluid, and the pressure rose to 36
cm. after ten seconds of jugular compression. Ten
seconds after release of the compression the pressure
was 30 cm.; after an additional ten seconds it was 28
cm,, and it then fell to 7 cm. The protein amounted
to 30 mg. per hundred cubic centimefers of cerebro-
spinal fluid, :

On Aug. 8, 1933, 4 cc. of iodized poppyseed oil was
injected into the lumbar subarachnoid space, and a
complete obstruction was demonstrated at the level of
the eighth thoracic vertebra. The following day lami-
nectomy of the eighth to the sixth thoracic vertebrae
was performed, and a reddish vellow mass, 10 cm.
long, 2.5 cm. wide and 1.5 ¢cm. deep, was observed on
the posterior surface of the dura. The dura was very
thin under the mass, and the cord seemed to be flattened
to about two-thirds the normal thickness. The tumor
and the surrounding bone were vascular. Total re-
moval of the tumor was effected.

Twenty days after the operation the patient estimated
her motor improvement at 25 per cent and her sensory
return at 75 per cent. Examination demonstrated that
appreciation of light touch had returned to normal in
all areas, while pain and temperature sensibilities had
improved greatly. Joint sense was normal, but vibra-
tory sense was greatly reduced over the right ankle.
The tendon reflexes were the same as before. The
abdominal reflexes were barely elicited, and the Babin-
ski sign could no longer be obtained on the right side.
Examination a year later revealed that her neurclogic
condition was normal. A letter from her, dated Sept.
8, 1943, stated that she had been doing all her own
work since the operation and that she was free of
symptoms except for mild lameness in the back and
occasional sick headaches.

The tumor was of soft consistency, and its surface
was traversed by delicate fibrous strands. The gross
and microscopic features were the same in all parts of
the tumor. The sections showed that the tumor was
composed of a mixture of fatty and vascular elements
(fig. 7a). 1t is estimated that the fatty tissue consti-
tuted two thirds and the vascular tissue one third of
the tumor. The vessels were mostly the size of small
veins, and their walls were invariably thin, being com-
posed of slender collagenous bands, bearing a few
fibrocytic cells oriented with the circumference of the
vessels, The attenuated walls of the fat cells lying
between the vessels made dichotomous junctions with
the walls of the vessels, In a number of locations,
especially where the vessels lay close to one another



EHNI-LOVE—INTRASPINAL LIPOMAS 23

and were not separated by fat, the vessels were ob-
served to be connected by light collagenous tissue bear-
ing cells with lightly stained cytoplasm and oval to
clongate vesicular nuclei. A few small arteries and
arterioles were evident in the tumor, and a few fibrous
septums partitioned the tumor in an incomplete fashion.
These septums were unremarkable histologically and
were unobtrusive. The fat cells which filled the spaces
between the vessels were all of adult adipose tissue
type and no embryonic, xanthomatous or myxomatous
regions or cells were present.

Case 7.—A man aged 68, a railway coach carpenter,
registered at the clinic on Oct. 5, 1942, complaining of
burning sensations and progressive weakness and in-
coordination of the legs and swelling of the feet toward
the end of the day.

The family history and the patient’s previous medical
history were unimportant. The swelling of the feet

system. Cutaneous sensibilities were moderately dimin-
ished over both legs. Vibratory anesthesia was com-
plete to the iliac crests, while joint sense was greatly
diminished in the toes of the right foot and less so in
the toes of the left foot. The gait was of spastic type,
and ataxia was prominent. The right leg was demon-
strably weakened and spastic, but not so the left leg.
The patellar reflexes were increased but equal on the
two sides. The achilles reflexes were unequal on the
two sides, the response on the right side being
the stronger. The Babinski sign was present bilaterally,
being stronger on the right side than on the left.
Roentgenograms of the spinal column revealed noth-
ing significant. On lumbar puncture the rapid rise but
slow fall of the fluid suggested a partial block. The
spinal fluid was colorless; the serologic reactions were
negative, and the total protein amounted to 75 mg. per
hundred cubic centimeters of fluid. After the lumbar
puncture vague impairment of sensation appeared be-
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Fig. 7.—(a) Extradural lipoma (case 6), showing small, thin-walled cavernous blood spaces interspetsed with

adipose tissue of adult type (hematoxylin and eosin stain; X 150).

(0) Extradural lipoma (case 7), showing its

angiomatous and lipomatous nature. The vessel walls are slightly thicker; the variation in the size of the vessels

is greater, and there is more connective tissue present than with the tumor shown in a

X 45).

had begun in September 1941; it had not been bother-
some, had affected the right foot more than the left
and had not been asscciated with other symptoms untii
April 1942, when the burning sensation appeared in the
right foot. In a few weeks the left foot began to burn
similarly, and in a few more wecks the burning ascended
both legs to the groins. This sensation ias more
severe on the anterior than on the posterior aspects of
the legs. The soles of the feet felt as though he were
walking barefooted on cinders, In June 1942 weakness
and lack of coordination of the legs made their appear-
ance and steadily increased in severity. The right leg
had given moie trouble than the left. Examination did
not reveal signs of significance except in the nervous

(hematoxylin and cosin;

low the twelfth thoracic dermatome. Todized poppy-
seed oil injected into the caudal subarachnoid space
demonstrated a protruded disk at the first lumbar inter-
space on the left side and complete obstruction to the
upward passage of the oil at the level of the eighth
thoracic vertebra, apparently due to a mass lying dorsal
to the cord.

On pctober 16 laminectomy of the eighth and ninth
thoracic vertebrae was performed with local infiltration
ancsthgsia, and a soft, reddish yellow, extradural tumor
measuring 2 by 3 cm., was exposed. This was casily:
scpara.ted from the dura, and the incision was closed
after immediate examination of frozen tissue had re-
vealed a vascular lipoma.
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* Neurologic examination on October 29 showed only
diminution of appreciation of touch, pain and tempera-
ture on the lateral aspects of both thighs, moderate
diminution of vibratory and joint senses in the legs and
a weak Babinski sign bilaterally. Strength in both
legs was normal; the tendon reflexes were equal on
the two sides, but the patellar reflexes seemed somewhat
hyperactive. A recent letter indicated that recovery
has been complete.

The surgical specimen was without external mark-
ings of note. The histologic appearance of this tumor
closely approximated that of the tumor in case 6 ex-
cept that the vessels displayed more variation of size
and the tumor was distinctly more cellular in places.
There were areas where the mixture of fat and vessels
corresponded to the appearance of the tumor in case
6. In other regions the character of the tumor approxi-
mated that of a cavernous hemangioma, with large
dilated, tortuous blood spaces separated by but little
fat (fig. 7b). In other locations the tumor was more
cellular, and small vessels or blood spaces gave it a
distinctly hemangioendotheliomatous aspect. Some of
these small blood spaces accommodated but one or a
few erythrocytes. No xanthomatous or embryonic fat
cells were present. In numerous locations scattered
throughout the tumor the adipose stroma widened to
become a patch of cellular tissue, seeming capable of
activity. The ground material in these regions con-
sisted of a loose arrangement of fibrous strands and
reticulin, in which there appeared a few lacunas con-
taining erythrocytes. The cells of this tissue were
fusiform and contained oval, elongated or crescentic
nuclei, which stained more lightly than the fibrocytic
nuclei. There were no mitoses, and one searched in
vain for new formation of fat. All the fat-containing
cells were typical adult cells filled with a single large
globule of fat.

Chlinical Features of Extradural Lipoma.~—The
17 cases of extradural tumor found in the litera-
ture and the 3 cases reported in the present series
make a total of 20 cases available for collation.
On the basis of reported cases, therefore, extra-
dural lipoma appears to be even rarer than intra-
dural lipoma.

The sex of 4 patients was not stated. Of the
remaining 16 patients, /7 were males and 9 fe-
males. Extradural lipoma seems not to favor any
age, for it occurs with about equal incidence
throughout the life span. The youngest patient
was 1 year old and the oldest almost 70 (fig. 3).
The duration of symptoms was rather short (fig.
4). Robarts’ *7 patient had had symptoms for
five years, and this was the longest duration in
the entire series. Many of the patients had had
trouble for but a few months. Only 4 had a his-
tory extending back two years or more. The
median duration was about one year.

The outstanding complaint was one of weak-
ness of the legs. Girdle pains were prominent
in the recital of symptoms in 3 cases. The results

57. Rgbarts, H. P.: Case of Disease of the Spinal
Cord with Observations, London M. Gaz. 18:946-950
(March 22) 1834.

of physical examination were unremarkable on
the whole. In 1 case (case 5 of the present
series) a peculiar dissociation of sensation was
exhibited ; the temperature sensé was absent be-
low the ninth thoracic dermatome, but the sense
of touch was everywhere normal. Spinal punc-
ture was performed in 4 cases. In 3 of these
cases examination revealed a manometric block.
In the 1 instance in which the manometric read-
ing was normal the fluid contained globulin. In
2 of the 3 cases in which fluid was obtained in
the presence of obstruction the protein content
was increased ; in the other case the protein was
normal.

In few of the cases of extradural lipoma were
there congenital defects. In 2 cases (Pick ®®;
Sachs ) severe kyphosis developed after birth,
and in each instance the angle of the gibbus was
over the level of the tumor. It is not certain,
however, that these 2 cases do not represent some
other condition. In Berenbruch’s ® case the pa-
tient was born with one lipoma and one vascular
lipoma, both in superficial locations. In 3 cases
the patient was obese, and in 1 of these cases
there was a history of obese maternal forebears.
We have no assurance that obesity was not pres-
ent in, some of the other cases. In 3 cases dis-
turbances of formation of adipose tissue or of fat
metabolism were evidenced by “generalized
lipomatosis” (multiple lipomatosis| ?]), by mul-
tiple myxomatous lipomas and by lipomas of the
dorsal roots.

The method used in assessing the segmental
distribution of the intradural lipomas was re-
sorted to with the extradural variety. The con-
clusions to be drawn from figure 8 are evident.
In only 2 cases did the tumor not lie, at least in
part, in the thoracic portion of the spinal canal.
The 3 larger tumors extended above and below
the thoracic portion, but their greatest extent was
within this portion of the canal. The sixth to
the ninth thoracic segments were the areas most
often affected. Nearly all the extradural lipomas
developed on the dorsal aspect of the dura.

In gross and histologic features extradural
lipoma is unlike intradural lipoma. Half of the
20 tumors were definitely or presumably of ordi-
nary adipose tissue. Many of these tumors were
described long ago, without histologic study. The
remaining 10 tumors were of three types: Seven
were mixtures of adult fat and vessels of various
sizes and quantities. One of these (Beren- !

58. Pick, L., cited by Sachs.s® !
59. §achs, .E.: An Unusual Case of Paraplegia '
Ass_ocxated with Marked Gibbus and a Localized Col-
lec.txon of Fat at the Site of the Gibbus, J. Bone &
Joint Surg. 7:709-719 (July) 1925,
60. Berenbruch, K, cited by Stookey.2t
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bruch ©) was an angioma with fat dispersed
through it. Another (Kasper and Cowan )
was described as a lipoma with moderately large,
blood-filled vessels. Five tumors were mixtures
of angioma and lipoma in such proportions as to
be best characterized as angiolipomas. Figure
7 shows the justice of this designation. Two
tumors were mixtures of adipose tissue and
myxomatous material. One tumor was said to
be of embryonic fat, but no further description
was given. As mentioned before, the photo-
micrograph presented with this case suggests that
myxomatous material was also present.
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Fig. 8—Longitudinal distribution of the extradural
lipomas with reference to the spinal column. The num-
bers at the top of the tumors refer to the cases as
enumerated in table 2. The column at the right indicates
the total number of times each segment is involved by
tumor. The tumor numbered 16 extended two segments
farther down than is indicated.

Etiologic Factors of Extradural Lipoma.—Lit-

.tle 1s to be found in the literature concerning
the genesis of lipoma from the extradural fat.
Robarts speculated that the tumor reported by
him arose in the blood clot supposed to have been
produced by the blow to the back sustained two

\, vears prior to the onset of symptoms. The re-

61. Kasper, J. A, and Cowan, A.: Extradural Li-
oma of the Spinal Canal, Arch. Path. 8:8300-802
Nov.) 1929,

markable feature of the extradural lipoma is not
that it occurs but that it does not occur more
often. Though the extradural fat is considered
to be less fibrous and more buttery than the sub-
cutaneous fat, there is nothing essentially differ-
ent about it which would explain the paucity of
lipomas originating from it.

The extradural fat is more vascular than the
subcutaneous fat, owing to the presence of the
meningorachidian veins lying in association with
it. The persistence of these vessels into adult
life suggests that this tissue was much more
vascular in embryonic life before the differentia-
tion of the vascular plexus into the adult form.
The researches of Wassermann and others indi-
cating the common origin of the endothelium and
the fat organ and the potentiality of the mesen-
chymal cells about the capillaries of adult life
for the development of either vessels or fat have
been mentioned. That 7 of 20 extradural lipomas
were angiomatous cannot but have Significance.
It is probable that the lipoma of which we speak
originates from certain of these bipotential cells.
The disposition of these cells to form vessels is
well demonstrated by the angiomatous character
of the lipoma, and this angiolipoma points to the
comumon parentage of the pure lipoma and the
pure angioma—tumors so different in appearance,
yet pathologic brothers.

Three facts must be taken into consideration in
any speculations on the etiologic factors con-
cerned with extradural lipoma. First, the tumor
does not seem to be of congenital origin because
it occurs at all ages and the duration of symptoms
is short; it is unlikely therefore that the tumor is
present for a long time before giving evidence.
Second, the segmental distribution is not that of
the intradural lipoma or of subcutaneous lipoma;
rather, it is that of the meningioma. Third, in an
inordinate number of cases this tumor is asso-
ciated with obesity and multiple lipoma.

Is this tumor actually a meningioma? A tumor
which is a meningioma beyond dispute because
of the presence in it of masses of cells of the
arachnoid cap type as the principal component
may, of course, contain fat. The fat may occur
scattered about the tumor and in some regions
may be rather heavily deposited, but there is no
difficulty in finding other regions in which sheets
of plump cells, whorls or psammoma bodies are
displayed. Photomicrographs of small regions
of lipoblastic meningiomas presented with de-
scriptions of these tumors are likely to be mis-
leading because of the pardonable zeal of the
authors to show the fatty parts more effectively.

In no case of the extradural lipoma, on the
other hand, did the tumor contain regions of cells.
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anything like arachnoid cap cells. In case 7 of
this series the tumor contained small islands of
scattered cells, but they did not appear to warrant
one’s calling the tumor meningiomatous. The
preponderance of the growths in the thoraci-c
region of the spinal column suggests the possi-
bility that the tumor is a meningioma. This is
countered by the fact that all the tumors lay on
the external surface of the dura, without any
penetration of this membrane. No lipomatous
tumor has been observed attached to the inner
surface of the dura except the 2 pial lipomas,
which had secondary attachments and tumors of
the type which is indubitably meningioma
(Brown °2), as mentioned previously. A further
argument against this lipoma’s being-a menin-
gioma lies in the absence of recurrence after
simple cleavage from the dura without removal
of the attachment. The subject of case 6 of this
series was well more than ten years after such a
removal. Whatever may be the cause of the
lipomatous and angiomatous development from
the fat, it is probably not any influence of the
arachnoid or its derivatives. The occurrence of
obesity and multiple lipoma indicates that the
cause is to be sought in some abnormality of the
fat organ.

CLASSIFICATION

Cornil and Mosinger ® proposed a classifica-
tion of six types of intraspinal lipomas based on
the relation of the tumors to the intraspinal con-
tent: (1) intramedullary lipoma, (2) intradural
extramedullary lipoma, (3) extradural lipoma,
(4) radicular lipoma, (5) lipoma of the filum
terminale and cauda equina and (6) multiple
lipoma. At the time of the report by these
authors no instance of lipoma of the roots, other
than of the cauda equina, was known, and their
fourth group was therefore theoretic. Case 3 of
this series is an instance of a lipoma of a root in
the thoracic region and so brings the fourth group
of Cornil and Mosinger into the realm of the
actual. Except for clinical purposes, there seems
to be no reason for separation of lipomas of the
cauda from lipomas of other roots. The tumors
are so rare that even on this basis the separation
appears undesirable. The intramedullary group
become theoretic if the tumor reported by
Schmieden and Peiper ™ is considered other than
a lipoma, as has been suggested.

(}2. Brown, M. H.: Intraspinal Meningiomas: A
Clinical and Pathologic Study, Arch. Neurol. &
Psychiat. 47:271-292 (Feb.) 1942,

63. Cornil, L., and Mosinger, M.: Des lipomes in-
trarachidiens, Arch. de med. gén. et colon., 1933, p. 220;
book review, Rev. neurol. 1:634 (April) 1934.

The 49 cases of intraspinal lipoma considered
in this paper are capable of rational classification
on a combined anatomic and pathologic basis.
In this proposed classification each type is more
homogeneous than those of Cornil and Mosinger,
and certain groups carry implications of clinical
and surgical importance. The numbers in paren-
thesis following the individual types refer to the
cases as numbered in tables 1 and 2.

Extradural lipoma
Tumor of adult adipose tissue (cases 1, 2, 3, 4, 6,
8,9, 12, 13 and 18)
Tumor of adult adipose tissue and blood vessels
(angiolipoma) (cases 7, 10, 11, 15, 16, 19 and 20)
Tumor of adipose tissue and myxomatous tissue
(myxolipoma) (cases 5 and 17)
Embryonic lipoma (case 14)
Intradural lipoma

Massive tumor associated with severe congenital
defects (cases 7, 14 and 25)

Circumscribed pial tumor (cases 2, 3, 5, 6, §, 10, 11,
12, 13, 16, 18, 19, 20, 21, 22, 23, 24, 26, 27 and 29)

Tumor of the intradural roots or the filum termi-
nale (cases 4, 17 and 28) .

Liposarcoma (case 9)

Mpyolipoma (case 1)

RELATION TO OTHER DISEASES

The relation that the intraspinal lipoma bears
to certain other diseases is of interest, and per-
haps of some importance with regard to the
causation of the related tumor. The probable
absence of any relation between the extradural
lipoma and the meningioma has already been in-
dicated. Similar conclusions may be drawn con-
cerning the pial lipoma.

The probability that lipoma and angioma are
related neoplasms has been mentioned in con-
nection with the causal factors in extradural
lipoma. It is strange that the pial lipoma is not
sometimes angiomatous, since it arises in a vas-
cular membrane which sometimes gives rise to
angiomatous masses. This brings to mind the
case reported by Cobb,® in which a hemangioma
of the medullary pial sheath was accompanied by
vascular nevuses of the skin in the dermatome
served by the affected segment of the cord. There
arises the question of the relation between this
occurrence and the instances of pial lipoma ac-
companied by lipoma overlying the lesion of the
cord. These cases seem to indicate the participa-
tion of common mesenchyme with an abnormal

potentiality for formation of tumor in the genesis
of the pia.

64. _Cobb, S.: Hemangioma of the Spinal Cord
Associated with Skin Naevi of the Same Metamere,
Ann. Surg. 62:641-649 (Dec.) 1915,
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Adair, Pack and Farrior®® drew certain
parallels between multiple lipomatosis and the
multiple neurofibromatosis of Recklinghausen.
They pointed out that the tumors in certain cases
of multiple tumors of nerves are not all of one
{ype, some being neurofibromas and some lipo-
mas. On the basis of these cases of mixed
tumors and the many similarities between neuro-
fibromatosis and multiple lipomatosis brought
out in the present study, it appears that intra-
spinal lipoma is in this category. Intradural
(pial) lipoma originates in part from the endo-
neurium of nerve roots, which is of the same
material as the pia. In rare cases an intradural
lipoma arises solely from roots. Extradural
lipoma may be accompanied by multiple lipoma.
The question is certainly not simplified by the
fact that the lipoma actually noted {o involve
roots by reason of its origin from the endoneu-
rium (pial lipoma) is not accompanied by mul-
tiple lipoma in the sense of Adair, Pack and
Farrior while the tumor not springing from roots
(extradural lipoma) may be so accompanied.

Whatever the relation between lipoma and
neurofibroma may be, it is obscure. Neurofibro-
matosis has been related to tuberous sclerosis,
Lindau’s disease and Sturge-Weber disease, and
the group of diseases has been termed congenital
ectodermoses (Yakovlev and Guthrie %®) and
phacomatoses (Brouwer, van der Hoeve and
Mahoney 7). There appear to be reasons for
including multiple lipomatosis in the group as a
fifth type. The intraspinal lipoma may, there-
fore, bear some relation to the aforementioned

diseases, but that is a subject for future con-
sideration.

SUMMARY AND CONCLUSIONS

Nearly 1 per cent of intraspinal tumors are
lipomas. Three fifths of the lipomas are intra-
dural, and two fifths are extradural.

The distribution between the sexes is about
equal for the two varieties of intraspinal lipoma.

The onset of symptoms of intradural lipoma,
with few exceptions, is before the age of 2 or 3
years, at the beginning of the third decade or at
the beginning of the fifth decade. Symptoms of
extradural lipoma appear at any age.

_65. Adair, F. E.; Pack, G. T., and Farrior, J. H.:
Lipomas, Am. J. Cancer 16:1104-1120 (Sept.) 1932.

66. Yakovlev, P. I., and Guthrie, R. H.: Congenital
E_jctoder}noses (Neurocutaneous Syndromes) in Epilep-
tic Patients, Arch. Neurol. & Psychiat. 26:1145-1194
(Dec.) 1931.

67. Brouwer, B.; van der Hoeve, J., and Mahoney,
W.: A Fourth Type of Phakomatosis: Sturge-Weber
Syndrome, Amsterdam, Uitgevers-Maatschappij, 1937.

The duration of symptoms of intradural lipoma
(before death or surgical removal) ranges from
a few months to more than fifteen years. The
median duration is about four years. The dura-
tion of symptoms of extradural lipoma is usually
short, the median being about one year.

The clinical expression of intradural lipoma is
distinctive for five reasons: (@) Definite root
pains are uncommon despite the frequent in-
volvement of roots by the tumor; (&) ataxia of
the extremities due to deficit of position sense
is occasionally one of the first manifestations of
the lipoma ; (c¢) unilateral flaccid paralysis of an
arm associated with spastic paralysis of the legs
is sometimes observed; (d) complete subarach-
noid black is unusual despite the large size to
which the tumor grows; (¢) discoverable changes
in the spinal roentgenogram may be absent, but,
on the other hand, the spinal canal may be
widened for a considerable distance.

Intradural lipoma occurs most commonly in
the cervicothoracic region of the spinal cord.
Extradural lipoma is most common in the lower
part of the thoracic region. Both types of lipoma
are far more common on the dorsal surface of the
structure giving rise to them than on other sur-
faces.

All but 1 of the intradural lipomas were com-
posed of adult adipose tissue or of adult adipose
tissue with excessive fibrous stroma. Only half
of the extradural lipomas were of adult adipose
tissue ; most of the remainder were angiomatous ;
a few were myxomatous ; 1 was of embryonic fat.

Roots traversed the intradural lipoma in most
cases, and it was common to see the fat lying in
such intimate relation to the finer structures of
the root as to lead to the supposition that the fat
developed within the root and did not secondarily
infiltrate it.

Intradural lipoma is invariably observed to he
separated from the neural tissue by a layer of
fibrous tissue of pial derivation. A pial sheath
covers the free surfaces of the tumor. Therefore
the intradural lipoma is of pial origin.

The connective tissues associated with pial
lipoma show certain changes of a proliferative
nature: (@) The endoneurium of traversing roots
proliferates to form prominent fibrocellular
masses within the lipoma; (b) the pial septum
between the tumor and the cord thickens and
sends heavy extensions into the cord; (¢) the pial
capsule over the surface of the tumor thickens
and may become adherent to the arachnoid and
dura. '

The apparent invasiveness of the connective

tissue with regard to the cord is probably not an
expression of malignancy. '
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Pial lipoma probably arises because of local
failure of normal control over formation of fat
from the normally present pericapillary mesen-
chymal cells. In these cells, which have fat-form-
ing potentialities, a panniculus adiposus of the
pia proceeds to develop. Whether this is neo-
plastic or is a “malformation,” or whether there
is any difference between the two, is an open
question.

Extradural lipoma seems to be related to a
vague defect of the primitive fat-forming tissue
itself.

Neither form of lipoma is related to menin-
gioma.

There is a close relation between lipoma and
angioma. Intraspinal lipoma appears to be re-
lated to neurofibromatosis and the other “phaco-
matoses.”

Congenital defects are rather often associated
with intradural lipoma. Obesity and multiple
lipoma occasionally accompany the extradural
lipoma.

Nore.—Since the preparation of this paper, an
additional case of intraspinal lipoma has been
reported from the Mayo Clinic.%®

68. Ehni, G. T, and Pugh, D. G.: Intraspinal
Lipoma, Proc. Staff Meet., Mayo Clin. 19:513-515
(Oct. 18) 1944,

The Mayo Clinic.



PHENOMENON OF VISUAL EXTINCTION IN HOMONYMOUS FIELDS
AND PSYCHOLOGIC PRINCIPLES INVOLVED

LIEUTENANT COMMANDER M. B. BENDER (MC), U.S.N.R.

AND

COMMANDER L. T. FURLOW (MC), U.S.N.R.

During World War T a variety of syndromes
due to cerebral injuries were described. Among
the numerous interesting signs noted was one of
“visual inattention in homonymous fields,” or
“hemianopsic weakness of attention.” Poppel-
reuter ! observed 7 cases in which the patient,
was able to perceive only one of two figures or
points simultaneously exposed on the sides of a
central point of fixation. However, if only one
figure was exposed in the “affected field,” the
image was seen. Head ? noted this phenomenon
in a case of a gunshot wound of the left occipito-
parietal cortex, with residual aphasia and a right
homonymous field defect, but his description
lacks details. Riddoch?® reported 2 cases of
defective attention in the right homonymous
fields, and in both instances there was a neoplasm
in the angular and supramarginal gyri on the
left side. Akelaitis * described 2 cases of left and
1 case of right homonymous hemiamblyopia due
to head trauma in which attentiveness, as tested
by Oppenheim’s method, was impaired. Oppen-
heim ® suggested that the patient’s “attentiveness”
be tested by simultaneous exposures to objects
at identical points in each homonymous field
because some patients fail to appreciate the
image on one side, although they could see it if it
were exposed alone in the same position.

From the United States Naval Hospital, San Diego,
Calif.

Presented at the Seventieth Annual Meeting of the
Ar;lerican Neurological Association, New York, May 20,
1944,

1. Poppelreuter, W.: Die psychischen Schadigungen
durch Kopischuss im Kriege 1914-1916: Die Stdrungen
der niederen und hoheren Schleistungen durch Verletz-
unlgerll des Okzipitalhirns, Leipzig, Leopold Voss, 1917,
vol. 1.

2. Head, H.: Aphasia and XKindred Disorders of
Speech, London, Cambridge University Press, 1926,
vol. 1, p. 439; vol. 2, p. 108.

3. Riddoch, G.: Visual Disorientation in Homon-
ymous Half-Fields, Brain 58:376-382, 1935.

4. Akelaitis, A. J.: Studies on the Corpus Callosum:
V. Homonymous Hemiamblyopia Before and After Sec-
tion of the Corpus Callosum, Arch. Neurol. & Psychiat.
48:108-118 (July) 1942.

5. Oppenheim, H.: Diseases of the Nervous System,
translated by E. E. Mayer, Philadelphia, J. B. Lippin-
cott & Co., 1900, p. 59; Lehrbuch der Nervenkrankheit,
ed. 7, Berlin, S. Karger, 1923, p. 1113.

All these authors assumed that this visual
symptom was due to lack of attention on the
affected side. Their descriptions are relatively
meager, and, as Head stated,” “these changes
have not been completely investigated.” Kluver,®
in an extensive review of this and allied visual
disturbances, made the same intimation. Recently
we have studied a case of this type over a long
period, and, after careful and detailed observa-
tion, we have found that the failure to appreciate
an image on one side, as tested by Oppenheim’s
method, is not due to inattention but is the result
of underlying normal psychologic mechanisms.
This case and the psychologic principles involved
are now reported.

REPORT OF A CASE

A Marine aged 29 was wounded in the right side
of the head but was not incapacitated until a missile
struck him in the left occipitoparietal region, when he
fell unconscious. When he regained consciousness, he
found himself in a dugout, unable to speak or move
the right side of the body. He was evacuated to a
hospital. On examination global aphasia, right hemi-
plegia and apparent hemianopsia were noted. One week
later the hemiplegia had disappeared. A craniotomy was
then performed, and fragments of bone were removed
from the left side of the head. The underlying occipito-
parietal cortex was contused. The patient continued
to improve. Within a month the hemianopsia began to
recede, and he became more communicative. However,
the following significant symptoms lingered during the
next two months: (a) severe acalculia, (b) spelling
def_ect, (c) dysgraphia and (d) inability to perceive an
object on the right when a concomitant stimulus was
present in the left field of vision. Spontaneous speech
returned. Fe showed little agrammatism and no
anomia. There was no finger agnosia or disorientation
f_or right and left. His greatest defect was in calcula-
tion. He had always considered himself good in
arithmetic, but twelve weeks after the injury he still
was unable to recite the multiplication tables of 2’s and
J’s accurately. He made errors in simple tests, such
as-8 plus 3 and other sums which equated to less than
20. The calculation defect was most marked for sub-
traction. Often he was unable to recognize the correct
solution to the problem even when it was given to him
and he was seldom certain of the answer. 4 ,

Visual Disturbances~Ever since the hemianopsia had
begun to recede, !:h.e patient complained, “If I stare
long enough, my vision starts to blur on the right side.

6. Kluver, H.: Visual Disturbance Aft
Lesions, Psychol. Bull. 94:316-358, 19527. er Cerebral
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I can't go to the picture show for the same reason.
When I first start to read, everything is clear, but then
I must stop because the right side blurs. After a rest
I can see again. Also, if I look at one object long
enough and look away, I still can see it.” The last
phenomenon was present for one month. Examination
revealed that the patient was unable to see in his right
homonymous field when an object was exposed simul-
taneously in the left field of vision, This was true with
both uniocular and binocular testing. When the peri-
metric fields became normal (the last defect noted was
for color in the right inferior quadrant) this phe-
nomenon became most apparent. While he was fixating
on a central point, the patient clearly perceived the
form and color of an object placed in his right field of
vision. However, when another object was brought
into view on his left side, the image on the right
became extinct. This extinction phenomenon was noted
on repeated examinations in the right homonymous
fields of vision. During the extinction of the image
the patient made a strong effort to “see” the object by
squinting his eyes and concentrating, but was unsuc-
cessful. However, as soon as the stimulus in the left
field was removed, he perceived the exposed object on
the right. When tested for separately, the object on
the right appeared clear, but sometimes blurred and
dull. The object seemed to fluctuate in distinctness.

In time the remaining aphasic symptoms decreased
further, although the acalculia was still striking. The
visual phenomenon began to change. Fourteen weeks
after the injury it was noted that the image in the
right field did not always vanish when the left field
was stimulated. Instead, it became dull, lost its form
and color and appeared shadowy. There was no
micropsia or teleopsia. Again, when the stimulus in
the left field of vision was removed, the object on the
right became more luminous and regained its color
and meaning. This was noted irrespective of the degree
of likeness or unlikeness in luminosity of the objects
exposed in the opposite fields of vision. There was no
apparent loss of attention, What there seemed to be
was a relative reduction of visual acuity or an cbscura-
tion of the visual image (obscuration phenomenon).
These phenomena were less apparent the nearer the
object in the right field was exposed to the point of
fixation.

Sixteen weeks after the injury the following observa-
tions were noted: (¢) On separate tests of all four
quadrants, the patient claimed that the image in the
right superior homonymous field of vision was clearer
than that in the right inferior homonymous field. (b)
The obscuration phenomenon was much more apparent
in the inferior than in the superior quadrant on the
right side. Thus, when a pencil was placed in the
patient’s right inferior field he recognized it, but when
another pencil was placed in his left niferior field the
one on the right became blurred, dult and shadowy. The
same was true when the corresponding superior
quadrants were tested, but the difference here was much
less apparent than in the comparable lower quadrants.
When a long pencil was held vertically in the right
field of vision, the patient stated he perceived that
part of the pencil in the upper quadrant more clearly
than the portion in the lower quadrant. The simul-
tancous exposure of an object in the same position on
the left side produced a further decrease of perception
on the right side, particularly in the lower guadrant,

Five months after the injury 7 the patient complained
that “on Jooking in 2 mirror the right side of my face

7. At this time, when the patient returned from a
forty day furlough, he complained that he did not know

a
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is sort of blurred. My right eyeball is not clear; but
when I cover my left eye, I can see the right eye
clearly in the mirror. I can also see the right side of
my forehead better than the right side of my jaw.”
These visual disturbances were well demonstrated by
requiring the patient to fixate with one or both eyes
in a mirror 30 inches (76 c¢m.) away under daylight
illumination. The test object used in the right lower
field of vision was a red pencil placed vertically on
the cheek below the outer canthus of the right eye
(figure). The detailed observations made under these
conditions are listed in table 1. In summary, it ap-
peared that the greater the stimulation in the left fields
of vision, the less the patient saw on the right. There
was obscuration of form; with sufficient stimulation

‘What the patient sees in the mirror (responses under
conditions 1 to 4 in table 1). The red pencil is
designated by R, and the yellow pencil, by ¥. The
patient fixates on one or both eyes and is asked to
describe the perceived reflected image of pencils held
on one or on both sides of the fixation point. Mirror
images of K and L represent the right and left sides of
the patient’s body. Note that the more stimulation
there is in his left field of vision, the more blurred
does the image (pencil R) in the right field of vision
appear to him.

in the left field even motion could not be perceived
on the right.

_ An interesting observation was the variability of the
image perceived in the right field of vision. This
fluctuation at times was so pronounced that the results
obtained during special visual tests were confusing.
However, when these variations in perception were

timed, a c}eﬁnite periodicity in fluctuation was noted,
as shown in table 2.

“what the right hand was doing.” Detailed examina-
tion of the cutaneous sensory status revealed the fol-
lowing disturbances in his right upper extremity: (1)
unawareness of the extremity; (2) fluctuating sensory
defects; (3) decrease of cutaneous sensory perception
on the right side when the left hand was stimulated
simultaneously  (cutaneous sensory extinction phe-
nomenon); (4) reduction of sensory adaptation time
over the entire right side of the body, and (5) absence
of after-sensation on the same side.
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TasLe 1.—Data on Visual Fixation Tests

Response

Red pencil appeared clear,
but image fluctuated in dis-
tinetness (table )

Red pencil appeared blurred,
but details were still discern-
ible; image of red pencil fluc-
tuated in distinctness and
color

Condition

1. Right eye fixated in mirror;
left eye closed; red pencil
placed on right cheek

2, Right eye fixated in mirror;
left eye closed; red pencil
on right cheek and yellow
pencil placed on the nose

.

3. Binocular fixation in mirror; ; lurr
red peneil on right cheek details were imperceptible;
distinctness of image waxed

and waned periodically

Red pencil appeared very
blurred, becoming brown and
and gray; no details; fluctua-
tion phenomenon appqrent,
image often disappearing
completely

Torm of red pencil was barely
recognized; color was imper-
ceptible; notable fluctuation
in acuity; at times image and
appreciation of movement
disappeared; images of pen-
cils on left side clear and
nonfluctuant

4. Binocular fixation in mirror;
red pencil on right cheek;
yellow pencil on left cheek

5. Binocular fixation in mirror;
red pencil on right cheek;
three yellow pencils on left
cheek

Red pencil appeared blurred;
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cach eye saw an after-image. However, simultaneous
or rapidly successive light stimulation of both eyes (an
illuminated vertical line thrown in one eye and a.round
light in the other) produced a persistent after-image,
usually in the left eye. Rarely were there after-images
in both eyes at the same time or only in the right eye.

Tachistoscopic Examination: This test, performed
seven months after the injury, showed reduction of
perception in the right side of the field when the image
was exposed for less than one second.

Color Tests: The patient could recognize colors in
each of the field quadrants. However, the simul-
taneous exposure of objects in the two half-fields of
vision caused disappearance of the color on the right
side (figure). The degree of change depended on the
intensity of visual stimulus thrown in the normal field.
The more visual stimulus there was on the left side, the
less color the patient perceived on the right side. In
all instances color ultimately changed to gray. Red
became brown and then dark gray, while yellow
changed to light gray. On prolonged fixation on a
black object, such as the center of a black cross, the
part which was-in the right and lower field of vision

TasLE 2—Fluctuation in Perception of Image fron_z Right [.o'wc’r Field of Vision with Palient Fixzating an Eye in
a Mirror Under Conditions Indicated in Columns A to D *

A B (8} D
. . Right Uniocular Test; Binocular Test with
Binocular Test; Right Uniocular Test; Red Pencil on Right Simultaneous Stimula-
Red Pencil on Red Pencil on Check and Two Yellow _tion; Right Red Pencll,
Right Cheek Right Cheek Pencils on Left Left Two Yellow Pencils
r - A ™ N A N e ™\ A v
Time Duration Time Duration Time * Duration Time Duration
[0]1(:T: § oSN 9 4 3 5 . . . e
Blurred..... renenerenas ceeenans 12 22 8 8 3 4 7 9
(163 (=T 5 35 i 16 6 7 5 16 6
Blurred.,.oeeeeeirenaen ererans 42 11 22 9 12 9 P4 4
(6301 1 53 7 31 7 21 4 26 4
Blurred...oeevrenveenns tereenas 60 15 33 27 25 16 30 4
(63 (- & . % 31 65 12 41 11 34 4
Blurred..eoeeeeeenerncernsnacnas 106 24 Vil 21 b2 19 38 7
(0117 § N 130 34 98 11 71 4 45 13
BIUrred..eieeeereeeaaneasnenans 164 . 109 8 75 7 58 11
Clear...... sereiaranans vesesaan . . 117 17 82 11 69 11
Blurred.......... Cevereceenvons . . 134 9 93 .. 80 1
Clear....... etrererteensesenns e . 143 7 .. . 81 8
Blurred....covvvevnnnn. veeraaes . .. 150 11 .. .. 89 8
[0 (<X 5 T .. . 161 .o . .e
Blurred.....ccviviiiiinienenns . .. .. .. .. 1% 9

* The conditions indicated in ecolumns A to D are similar to the conditions of the tests shown in table 1.
duration of clearness or blurring of image are expressed in seconds.

The patient volunteered the information that the
image seemed to change faster as the test continued.
The blurred image seemed to last longer than the clear
image, but this phenomenon was variable. The image
was much clearer when it was near the center.

Special Visual Tests—Perception of Form and
Contour: These functions were normal. Localization
in space, ability to fuse images and stereoscopic YVision
were also intact. When the patient was asked to
scrutinize at the Schréder staircase illusion,® he could
see each figure in reversible perspective. As he con-
tinued to fixate on the staircase with one or both eyes,
the figure continued to reverse itself at a speed similar
to the fluctuation rate observed for the right field of
vision and as recorded in table 2.

Visual Imagery and Memory: These functions were
intact, although at times the patient could not recall
the color of tea and of certain animals.

After-Imagery: Uniocular after-imagery tests dis-
closed normal responses. When examined separately,

8. Woodworth, R. S.: Experimental Psychology,
New York, Henry Holt & Company, Inc.,, 1938, p. 696.

Here, time and

appeared lighter than black and tended to become gray.
Again, while he was fixating on a white cross, the
part in the right and lower field became darker than
white and approached a gray. Thus, all colors tended to
fade and ultimately to change to gray. At times the
right horizontal bar of the cross disappeared entirely,
and the resultant image was not recognized as a cross.
In this sense the gestalt of the exposed object was
gltered, even though one-half the cross was located
in the normal field. All the visual phenomena noted
in the affected fields of vision showed notable fluctuation
in perception of the form and color of the image.

Displacement of Image: On his figuring columns of
numbers, the patient tended to look at the rows to
his left. Thus, on adding upward, he noted that the
n}lmbers in the upper part of the 10’s column were
displaced by the adjacent numbers in the 100’s column
and t.hen by those in the 1,000's column. On Othel:
occasions he noted that after he finished writing a
line the first few words were displaced to the right
and dowr}, so that the line of words appeared crooked
The_se displacements appeared to be types of spatiai
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disorientation. There was no ring scotoma or diplopia
in the homonymous fields, as suggested by Goldstein.?

Opticomotor Nystagmus: This phenomenon, elicited
by the patient’s staring at a revolving vertically striped
drum, was present bilaterally, but the quick component
was more pronounced to his left.10

Ocular Dominance: Alinement and other methods
showed that the patient was right eyed.

Muscle Balance: The Maddox rod test showed a
1 degree of esophoria and 0.5 degree of right hyper-
phoria for distance; 4 degrees of exophoria and 0.5
degree right hyperphoria for near point.

Psychologic Examinations*—Three months after his
injury the following features were noted: 1. Indications
of an average pretraumatic intellectual level, inferred
from average performances in the vocabulary and in-
formation tests. 2. Defective performances on retention
tests involving speech as the motor response and
symbolic material as the content to be retained (digit
span and Wells-Ruesch object memory test). How-
ever, the performance was adequate on a retention test
involving drawing as the motor response and non-
symbolic material as the content to be retained (Benton
visual retention test). 3. Adequate abstract reasoning
ability in a nonlanguage test (Weigl test). 4. Inferior
performance on a test of visual analysis and synthesis
(Kohs block designs test). 5. Small number of fairly
accurate responses, with failure to interpret two plates,
in the Rorschach performance. Five of the ten
responses were of the “popular” variety. There were
no color responses, but one human movement response
was given. The total pattern was similar to the
constricted performances described by Harrower-
Erickson 112 for a patient with cerebral tumor.

Psychologic reexamination seven months after the
patient’s injury showed the following features: (a)
persistence of defective performance on the digit span
test, moderate improvement in the Wells-Ruesch cbject
memory test, which performance, however, was still
below the average level, and adequate performance on
an alternative form of the Benton visual retention test;
(b) notable improvement in performance of the Kohs
block designs test the patient now performing on a
superior level and indicating considerable restoration
of visual and analytic-synthetic capacity, and (c) no
essential change in the Rorschach performance, the
same picture of constriction being shown.

COMMENT

Since the injury the patient has shown pro-
gressive restitution of visual function. The first
sign of recovery was the recession of the right
homonymous hemianopsia for motion, color and
form. This occurred from the center toward the

9. Goldstein, K.: Ueber monokulire Doppelbilder.
Ihre Entstehung und Bedeutung fiir die Theorie von
der Funktion des Nervensystems, Jahrb. f. Psychiat. u.
Neurol. 51:16-38, 1934; Aftereffects of Brain Injuries
in War, New York, Grune & Stratton, Inc., 1942.

10. Strauss, H.: Ueber die hirnlokalisatorische
Bedeutung des einseitigen Ausfalls des optikinetischen
Nystagmus und der hemianopischen Aufmerksam-
keitsschwiiche, Ztschr. f. d. ges. Neurol. u. Psychiat.
143:427-435, 1933.

11. Performed by Lieutenant Commander A. L.
Benton, H(V)S, U.S.N.R.

11a. Harrower-Erickson, M. R.: Personality Changes
:\cc_ompanying Cercbral Lesions (Rorschach Studies of
Patients with Cerebral Tumor), Arch. Neurol. &
Peychiat. 43:859-890 (March) 1940.
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periphery, and the rate of recovery has been
slightly more rapid in the upper quadrants. As
these retrograde changes took place other visual
disturbances, which are not recognized with
ordinary tests, became apparent. The patient
sensed the disturbances while reading or looking
at motion pictures, and it was these complaints
which prompted us to investigate the visual func-
tions in great detail. Although routine perimetric
examination seemed to indicate preservation of
vision in each field, the simultaneous exposure
of objects on the two sides of a fixation point
caused the image perceived from the right field
to become extinct. Later the extinction phenome-
non was replaced by obscuration and still later,
by blurring or dulling of the image. These phe-
nomena have been more apparent in the right
homonymous inferior quadrants. The image in
the right field of vision appeared to fluctuate in
clearness of form and intensity of color.

The phenomena of visual extinction, obscura-
tion and dulling seem to be unusual, since they
have rarely been observed or reported. This may
be due to the fact that few examiners search for
these defects, and, as previously noted, the
usual neurologic tests will not disclose them.
Poppelreuter * and others noted one of these
phenomena, namely, that of extinction, and ex-
plained it on the basis of disturbance in visual
attention. The act of perceiving simultaneously
exposed objects in zones equidistant from a fixa-
tion point requires the normal person to concen-
trate on three different foci, and his attention
must necessarily be divided. Under pathologic
conditions a disturbance in the attention mechan-
ism in homonymous fields of vision may occur.
Thus, Poppelreuter * found that only one of two
figures concomitantly exposed on each side of
a fixation point could be seen by the patient.
However, when the “active attention” of the pa-
tient was directed toward the affected field, the
patient could see both figures simultaneously.
Poppelreuter * did not state whether or not the
latter observation was a consistent one in his
cases. In our case the image in the affected
field* fluctuated. There were alternate extinction
and blurring during the “double exposure” test-
ing. At times it seemed as though the patient
could see the object if he “concentrated,” but this
appeared to be due to a “fluctuation’” mechanism
which is normally present,® and not to an in-
crease or a decrease in attention.

It is probable that weakness of attention is one
factor in the elicitation of the extinction phe-
nomenon. Newhall,*? in controlled experiments,

12, Newhall, S. M.: Effects of Attention on the

Intensity of Cutaneous Presence and on Visual Bright-
ness, Arch. Psychol. (no. 61) 9:1-75, 1923,
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found that the closer the attention the better
discrimination there is between faint stimuli and
no visual stimulus. Still, it does not appear
that the attention mechanism alone would account
for the visual extinction, obscuration or color-
dulling phenomena. Goldstein® also expressed
the opinidon that these phenomena are not due to
lack of attention. He proposed the theory that
the cause of these different reactions may be due
to “lability of threshold” in a damaged cortex,
which needs more energy than the normal. The
nerve energy in the organism is a constant, and
the normal cortex, he stated, tends to use the
available energy to such an extent that the
remaining energy is not sufficient to stimulate
the diseased cortex to effect a performance.
Granted the correctness of this theory, one must,
however, take into consideration the rivalry and
dominance mechanisms in explaining the extinc-
tion and associated phenomena. Rivalry and
dominance are normal psychologic processes and
can be detected only with special tests. Sherring-
ton ** demonstrated the existence of rivalry be-
tween the images perceived by the two eyes, or
half-retinas. Breese*® and others showed that
stimuli arising from the two fields of vision are
in constant competition with each other. Light
intensity, presence of figures or movements of
the object exposed influence the subject’s ability
to visualize the images in the two fields equally:
(a¢) The brighter the exposed field, the more
visible it is 60 per cent of the time; (b) a field
containing lines prevails over a plain field as
much as 70 per cent of the time, and (¢) when
both fields contain figures and the one figure in
one field is made to move, it remains in sight
more than half the time.

Rivalry, dominance and attention mechanisms
are normal psychologic processes which operate
at all times and are a function of the cortex. The
visuosensory cortices are in competition with
each other and are in equilibrium when at rest.
If one cortex is diseased, as it was in our patient,
the visual stimuli coming to that side are not as
well integrated as those coming to the normal
side. The affected cortex does not possess the
nerve energy as does the normal cortex, or the
capacity to use it when the incoming stimuli are
increased. Consequently, there must be a differ-
ence in perception, and this difference is made

13. Goldstein, K., in discussion on Phenomenon Visual
Extinction in Homonymous Fields, Tr. Am. Neurol. A,
1944, to be published; personal communications to the
authors.

14, Sherrington, C.: On Binocular Flicker and the
Correlation of Activity of Corresponding Retinal Points,
Brit. J. Psychol. 1:26, 1904.

15. Breese, B. B.: Binocular Rivalry, Psychol. Rev.
16:410-415, 1909.

more conspicuous by the rivalry and dominance
mechanism. Hence, when there are no new or
strong stimuli in the normal field of vision, there
is no appreciable decrease in perception of an
object held in the pathologic field. The available
“energy”’ is sufficient for the diseased cortex to
function, and there is little competition between
the two sides. However, if stimuli are thrown into
the intact field, the rivalry mechanism becomes
apparent. The function of the defective cortex is
dominated by the normal part of the brain, and
there results a relative decrease in acuity and
light intensity in the affected field of vision,
leading to the phenomena of dulling and ob-
scuration. The rivalry and consequent dominance
of the normal over the pathologic side may be
so pronounced as to cause complete extinction
of the form, color and movement of the image
perceived from the affected field. It has been
found that the more the normal half is stimulated,
the less the affected half perceives.

Such competition may under certain conditions
interfere with the patient’s proper visual percep-
tion. It is known that the perceptual conscious-
ness of an object is the effect of integrated stimuli
in which the total stimulus pattern is related to
the total reaction pattern through a unified neural
mechanism. If the rivalry between sensations
arising from the opposite lateral fields of vision
becomes pronounced, as in reading or looking at
motion pictures, the images coming from the
affected fields of vision blur, and the patient’s
total visual perception becomes impaired. Simi-
lar competitive mechanisms have been noted be-
tween the cutaneous sensations on the two sides
of the body in the patient described in this report,
in patients with lesions of the, parietal cortex
(personal observations) and between certain re-
flexes, as demonstrated by Sherrington.®

SUMMARY

In a patient with a gunshot wound of the left
occipitoparietal cortex, various psychologic mech-
anisms became apparent during the advanced
stages of restitution of visual function from right
homonymous hemianopsia. Visual stimuli origi-
nating in the normal homonymous field of vision
tended to suppress or obscure the image originat-
ing simultaneously in the opposite, affected, field
of vision. The more stimulation there was in the
normal field, the less the patient saw in the
pathologic field of vision. The affected field
showed fluctuation of sensation. Rivalry, domi-
nance and attention mechanisms are considered
as explanatory principles.

16. Sherrington, C.:
Nervous System
Press, 1906.
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MENTAL SYMPTOMS FOLLOWING HEAD INJURY
A STATISTICAL ANALYSIS OF TWO HUNDRED CASES

ALEXANDRA ADLER, M.D.
BOSTON

PRESENT INVESTIGATION
METHOD

From a total of ‘430 patients with head in-
juries admitted to the Boston City Hospital
between July 1942 and September 1944 a series
of 200 was selected for study. Two hundred and
thirty patients were eliminated because no ade-
quate follow-up observations could be obtained,
because the patients were under 15 or over 55
years of age or because they were vagrants or
chronic alcohol addicts. The patients had all
sustained recent injuries; they were seen on ad-
mission to the hospital, were closely followed
during their stay in the hospital and were ob-
served at intervals of two to three months there-
after. The present report deals with their post-
traumatic mental symptoms and the relation of
these symptoms to the other fields of investi-
gation.

The group of examiners consisted of neurol-
ogists, psychiatrists, a psychometrist, an elec-
troencephalographer and a social worker.

MATERIAL

Age, Sex and National Stock.—The age distribution
of the 200 patients was as follows:

Age, Years No. of Patients
15-19 36
20-29 48
30-39 42
40-49 51
50-55 23

There were 125 males and 75 females, and the fol-
lowing national stocks were represented:

Irish 77
English 29
Latin 21
Negro 13
Stavic 12
Semitic 12
German or Scandinavian 10
Other racial stocks 26

From the Neurological Unit of the Boston City
Hospital, and the Department of Neurology, Harvard
Medical School.

The work described in this paper was done under
a contract, recommended by the Committee on Medical
Research, between the Office of Scientific Research

and Development and the President and Fellows of
Harvard College.

Occupation—Skilled or semiskilled

workers 96
Domestics or housewives 39
Students 20
Policemen, firemen, etc. 13
Common laborers 11
Other workers 21

Alcoholisin—For 143 patients there was no evidence
of alcohol on admission; 53 had ingested alcohol but
were not intoxicated, and 4 were intoxicated.

Manner of Injury—The accidents could be classified
as follows:

Traffic accidents 91
Industrial accidents 24
Fighting or robbery 24
Falls on street 16
Domestic accidents 15
Recreational accidents 12
Other types 18

Coma and Disorientation—Twenty patients
had no period of coma; 90 patients were coma-
tose or semicomatose for less than ten minutes;
42 patients, for less than thirty minutes; 20 pa-
tients, for thirty to sixty minutes; 17 patients, for
up to six hours; 5 patients, for six to twenty-
four hours, and 4 patients over twenty-four
hours. For 2 patients the duration of coma was
uncertain but brief. One hundred seventy-three
patients were disoriented for less than twelve
hours; 4 patients, for twelve to twenty-four
hours; 12 patients from one to seven days, and
11 patients, over seven days.

In accordance with general usage, the period
of coma was judged by the absence of response
to stimulation. The period of disorientation was
usually recorded by disorientation in time. The
duration of post-traumatic amnesia and retro-
grade amnesia was recorded on the patient’s fol-
low-up visit to the clinic when the amnesia had
reached its stable minimum. The presence or
absence of complicating factors, such as litigation
or occupational and financial difficulties, was re-
corded without reference to their possible bearing

on the development of post-traumatic mental
complications.

Type of Injury—Seventy-five patients had
minor abrasions or hematoma of the scalp; 75
patients, laceration of the scalp and 6 patients,
laceration with compound fracture. Thirty-five

34



ADLER—MENTAL SYMPTOMS AFTER HEAD INJURY 35

patients had injuries to the limbs, and 24 patients
had other or multiple injuries, in addition to the
head injury. Evidence of fracture of the skull
was present in 34 patients. Nine had cranial
operations other than scalp suture, and 13 had
operations of other types. One patient had both
cranial and other operations.

The type of head injury represented by this
material is therefore representative of those en-
countered among patients admitted to any gen-
eral hospital and may be categorized predomi-
nantly as “closed head injury.”

Length of Follow-Up Observation.—One pa-
tient was observed one month; 1 patient, two
months; 48 patients, four to six months; 107
patients, six to nine months; 18 patients, nine to
twelve months, and 25 patients over one year.

STATISTICAL EVALUATION OF MATERIAL

In evaluation of post-traumatic mental symp-
toms the mental condition immediately following
an injury must be distinguished from that during
the later part of the course. Any person might
be impressed by a violent injury which may have
brought him to the verge of death and may have
resulted in injury and death to others and in loss
of property to a varying degree. Such an emo-
tional reaction might be expected normally to be
at its height immediately after the injury, after
which it would steadily subside. Outwardly,
however, 133 of the 200 patients (67 per cent)
gave an impression of calmness and cooperative-
ness; 20 were apathetic; 7 were excited; 16 had
a severe emotional reaction, and 24 were con-
fused.

Post-traumatic mental symptoms may be re-
lated to structural lesions or may be psychogenic.
Some psychologic phenomena are known to be
caused by structural lesions. For instance, this
is the case with patients suffering from dysphasia
or confabulations. The purpose of this study
was to evaluate mental symptoms according to
their correlation with all the other physical and
mental factors of the head injury. The analysis
is therefore of the patient’s symptoms (com-
plaints) in order that all possible objectivity may
be maintained. Early in our experience my col-
leagues and I found that these complaints tended
to fall into a limited number of categories, symp-
toms of anxiety, nervousness and fatigue emerg-
ing as leading factors, especially in the produc-
tion of disability. The incidence of these mental
symptoms during convalescence is given in table
1. It will be noted that by far the largest group
of patients (48 of 70) fell into the category of
those showing anxiety and fears, symptoms
which were present more than twice as often as
all the others combined.

It would be a misunderstanding to conclude
from table 1 that the symptoms of fatigue and
nervousness were present in only 7 and 4 pa-
tients respectively. Fatigue and nervousness
were present, in addition to fears and anxiety, in
practically every patient who presented the latter
symptoms. Patients whose “predominant mental
symptom” was fatigue or nervousness were per-
sons in whom no anxiety reactions were present.
On the other hand, the symptoms of the acute
post-traumatic anxiety neuroses included syn-
dromes such as acoustic hypersensitivity, peri-
odic irritability, fatigue, disturbances in sleep
and anxiety dreams, anxiety being the primary
and predominant feature of these secondary
character changes. There was no case of hys-
teria among our patients.

The symptoms of headache and dizziness are
not taken into account in our psychiatric diag-
noses.

TABLE 1.—Predominating Post-Traumatic Mental
Symptoms

No. of Patients

N OB, eetrerereessesacoessensossostanronss 130
Fatigue.ccocoeernenieccncastnessonsnsnses
Nervousness; inability to concentrate....
Fears; anxieties; panies...ceeevsieeneanen
Depression; 8PGRYoeeeerersorerrancncas
HypochondriasiS.e.verieeeseierrennensnns
Ohsessive-compulgive neurosis............
BE807:1 723 o £ SN
Personality change only......oeveuvnnnnn.
Hypomania; euphoria........coeeeennnn..

]
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PRETRAUMATIC TACTORS ASSOCIATED WITH HIGH AND
LOW INCIDENCES OF POST-TRAUMATIC MENTAL SYMPTOMS
(TABLES 2 AND 3)

Age~—Of the patients of the oldest group (50
to 55 years), 51 per cent manifested mental
symptoms, as compared with an average of 31
per cent of all patients and of only 15 per cent
of the youngest group (15 to 19 years). No
notable difference in occurrence of post-trau-
matic mental symptoms could be found in the in-
tervening age groups.

Marital Status and Sex.—More women had
mental complications than men, with a negligible
difference between the incidence for married
women and that for single women. However,
fewer single than married men had mental com-
plications.

Anxiety symptoms were present four times
as often as all other mental symptoms combined
m men, whereas in women anxiety symptoms

were less than three times as frequent as fatigue
and nervousness combined.

_National Stock—1In 50 per cent of the pa-
tients of Latin and Slavic stock mental com-
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plications developed, whereas only 17 and 21
per cent of the African 