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FOREWORD

By Ludvig Hektoen, M.,

The author was kind enough to ask me if T wonld look
over his manuseript and then tell him whether it seemed to
me worthy of publication. Later, when I told him that in
my opinion he had produeced a valuable little book, he re-
quested me to state the reasons for this favorable opinion
in the form of a foreword. This I ean do in a few brief
statements,

In the first place, on reading the manuseript, T soon he-
came aware that the author had eome to his task with not
only a large experience behind him in the examination hy
various methods of the cerebrospinal fluid as an aid in
diagnosis, but with a highly ereditable record in the sei-
entifie study of this fuid as well. Evidently he had been
drawn to his work on the cerebrospinal (luid because of
its attractiveness as a field of research, as well as on ac-
count of its importanee in diagnosis,

It i= to this happy combination of true philogophie inter-
est and first-hand praetical knowledge on the part of the au-
thor that the book owes its c¢hief merit, namely, thorough-
ness and freshness in the parts dealing with fundamental
problems, as well as in those dealing with practical mat-
ters. In the second place there could be no doubt in re-
card to the timeliness of a work of this kind. Indeed it
seemed to me that a definite want would he supplied; for,
in spite of an increasing importance in medieine, there
was as vet no ecomprehensive book on all phases of the
cerchrospinal fluid.

John MeCormick Institute
For Infectious Diseases, Chicago,
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PREFACE

Of recent yvears the study of hody fluids has been engag-
ing the attention of many physicians and scientists,  Par-
ticularly marked has been the interest in the study of cere-
brospinal fluid. Through recent investigations of this fluid,
we have gained a great deal of information regarding the
diagnosiz and nature of many diseases and a much clearer
conception of the general physiologic processes in the body.
Further investigations on the subjeet will open up new
possibilities in science and medicine, for there is hardly an-
other body fluid that presents so favorable an opportunity
for the study of physiologie and pathologic processes in
the human body as the cerebrospinal fluid.

Cerebrospinal fluid is of great physiologie importance
for various reasons. It ig the elearest and most transpanr-
ent of all the fluids of the hodv. It is elearer than blood,
than bile, and even clearer than urine, and under normal
conditions experiments may be made on it without fear
of elot formation or eolor change. Furthermore, cerebhro-
spinal fluid, like blood and urine, can be removed from the
living body without injury to the system. This gives one
the opportunity of working with processes in the living
bodyv—a distinet advantage over the study of dead tissue.

From the standpoint ol pathology also, cerebrospinal
fluid presents an exceptional opportunity for study. The
slightest change in the color of the fluid, the smallest in-
erease in the protein content or in the eell count, all of
which are easily discernible, indicate the presence of a
pathologie process. One is able to lollow the course of
digease throughout all stages by noting the varions changes

0



10 PREFACE

the cerebrospinal fluid undergoes from time to time. These
changes may be manifested not only by the presence of
the causative organiz=ms thems=elves, but just as frequently
by specific physical, chemieal, evtologic and physicochem-
ical processes. A close study of the changes m the cere-
brospinal fluid under pathologie conditions throws light,
not only on the specifie dizeazes of the nervous sy=tem, but
on the condition of other systems, One can readily see,
therefore, how large is the scope tor the study of cerebro-
spinal flaid.

In this book T shall diseuss cerebrospinal fluid in its vari-
ous phases, and shall attempt to show the nature of the
fluid in its normal state and to point out the deviations in
processes of diseage. 1 shall incorporate the results of
my own clinieal and experimental studies as well as the
observations of the many workers who have added to our
knowledge by their researches on cerehrospinal fluid.

This little book is sent out as an humble contribution, as
[ am fully aware of its many shortecomings and omissions;
but if it saves the busy practitioner the irksome task of
consulting countless sources for information on ecerehro-
spinal fluid, T shall feel that the work has not been in vain.
And if perchance it should serve to stimulate even one
zealous student to help solve some of the problems pre-
sented, T shall feel that my effort has heen amply rewarded.

Many of the investigations that have found their way
into this volume would not have heen possible without the
constant cooperation of certain institutions and individ-
uals. I, therefore, take this opportunity of expressing my
gratitude to them collectively and individuallv—to the at-
tending staff, internes and nurses of the Michael Reese
Hospital in general, and the Sarah Morris Hospital for
Children in partieular, to Dr. Katharine Howell, serol-
orist of the Nelson Morriz Institute for Medieal Re-
search, to Professor Y. (. Beeht of the Department of
Pharmacology of the Northwestern University, and to Dr,
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(+. Bartelmez of the Department of Anatomy, University
of Chicago.

Particular thanks are due to Professor Ludvig Hektoen
of the University of Chicago for his helpful suggestions
and for his careful reading of the manuseript, and to Pro-
fessor Shiro Tashiro of the Department of Biochemistry of
the University of Cineinnati for his tireless assistance in
checking up many of the experiments, Thanks are also
due the editors and publishers of the many journals for
their permission to republish some of my articles that ap-
peared in their journals.

A. LEvVINSON.
Chicago, TI1.






CONTENTS

CHAPTER I
PAGE

Higrony oF CERERROSPINAL FLUID T T S S R S 17

CHAPTER I1

Awatomy axnp PuysioLocy ofF CEResrosrixan Foom . . . . . ol

Location, 30; Formation and Absorption, 34; Permeability, 38;

Funcetion, 440; ﬁri;‘il!, 41,

CHARTER 11T

MeTHODS OF OBTAINING CEREBROSPINAT, FrLum rFroM THE Lavize Bopy . 49
Lumbar Puncture, 49; Untoward Effects of Lumbar Puneture,
53: Technie of Lumbar Puneture, 54; The Spinal Puncture
Needle, 537: Reasens for Failure to Obtain Fluid, 63; Pressore,
G Colleetion of the Fluid, 69; Cramial Puncture, 71,

CHAPTER IV

=
=l

PROPERTIES OF NORMAL UEREBHOSPINAL FLUID . o + + &% % & + &
Physical Properties, 76; Amount, 76; Color, 76; Lack of Sedi-
ment, 76; Pressure, 77; Speeific Gravity, 78%; Chemical Composi-
tion, 7%; Physicochemical Properties, $4; Specific Gravity, 94;
Viscosity, 95 Condonetivity, 95; Sourface Tension, 95; Freezing
Point, 85; Refractometrie Index, 96; Reaction of Normal Cere-
hrospinal Fluid, 96; Alkaline Reserve, 105; Biochemical Proper-
ties, 107: Amylolyvtic Power, 107; Proteolytic Power, 107 HI}’-
colytic Ferment, 107; Fibrin Ferment, 107; Alexin, 107; Hemoly-
sin, 108; Toxicity, 108; Bacterieidal Action, 108; Cytology, 108;
Type of Cell, 110,

CHAPTER V

¥

ParHOoLOGIe CERERROSPINAL FLump . . . . B a RS SR ST R

Increase in Amount of Pluid, 116; Pressure, 116; Foam, 117;
Cells, 117; Pellicle, 118; Cryvstallization, 120; Permanganate or
Organie Index, 123; Protein, 125; Precipitation, 125; Sugar, 129;
Turbidity, 131; Physical Chemistry, 132; Protein Charges, 133;
The Colloidal Gold Reaction, 137; Mastic Heaction, 137; Ninhy-
drin Reaction, 137; Changes in the Reaetion of the Cerchrospinal
Fluid, 138; Bacteriologie, 146; Immunologie, 147; Agglutination,
147; Hemolvsin, 147; Wassermann Reaction, 1485,

13



14 CONTENTS

CHAPTER VI

METHODE OF BExaminaTion oF CEREBROSPINAL FrLuib roi DIaGNOSTIO
PURFDBERS: Vil B fail & et s i cen Sa ol ad i v dar i G Gte o
I"I]I'!.':-tii'ulr 150 Color, 150 Foany, 151 ; Pellicle, 151 ; Chemical, 152 ;
Inerease of Protein, 152: Globulin ']"1‘::1‘.4t;, 154 Nopguchi, 154 ; Rozs-
Jones, 154 Nonne-Apelt, 154; Kaplan Method, 155; Pandy, 155,
Sulphosalieylic Mercurie Chloride Method, 1557 Relutive Value of
the Globulin Tests, 156; The Permanganate Test, 157; Suogar,
15%; Chlorides, 161; Physicoehemieal Methods, 162; Lange Gold
Chloride Test, 164 Mastie "i"i,':-si, 16y f‘.:i.'iningii' E."-:Fl‘mi:rl.l‘lt‘inllr
167; The Freneh Method of Cell Counting, 167; Chamber Method
of Cell Counting, 168; Comparative Value of the Two Methods,
169: Type of Cells, 170; Bacteriologie, 171: Culture Media, 171;
Direet Smear, 172; Immunologie, 172; Maeroscopic Method, 172;
Microseopic Method, 175; Precipitation of Cerebrospinal Fluid
with Antimeningococcens Serum, 170; Guinea Pig Inoculation,
177 : Neuntralization Test, 177 ; The Wassermann Beaction, 177.

CHAPTER VII

CEREBROSPINAL FLUID 1N Variovs IDISEASES L
Uremin, 183; Diabetes Mellitus, 183; Chorea, 183; Epilepsy, 184;
Mongolian Idioey, 184; Psvehoses, 185; Lues, 185; Hydrocepha-
lus, 1588; Spina Bifida, 1588; Hemorrhage of the Brain, 188; Tu-
mors of the Brain, 18%; Compression of the Cord, 188; Encepha-
litis, 189: Meningiam, 19%: Tuberenlons Meningitis, 190; Men-
ingoeoecus  Meningitis, 194; TPneumoeocens Meningitis, 200,
Streptococeis Meningitis, 202: Influenza ].T{-rli.ugitin, 203: Colon
Meningitis, 203; Syphilitic Meningitis, 203; Cerebrospinal Fluid
in Poliomyelitis, 2035,

CHAPTER VIIT

INTRASPINAL THEATMEXT L R S et sl N Y T
Intraspinal Treatment of Meningocoeeus Meningitis, 209; Unto-
wird Effects of SBerum, 216; Aggravation of Symptoms, 217 ; Serum
H:'I!*-h, 217 : Intraspinal Treatment of Poeumococens ."l.LJniugili.-;,
217; Intraspinal Treatment in Tubereulous Meningitis, 219: Influ-
enza Meningitis, 219 ; Poliomyelitis, 21%; The Swift-Ellis Treatment,
=205 Intrazpinal Treatment of Tetanus, 221; Tntraspinal Treatment
of Clorea, 222,

g i

CHAPTER TX
SUMAMARY

APIENINX

- = -+ = + s “ " E +

APPFENDIX e

150

158

209

224

226



FIG.

i

=N

L8
11,
L1,

i
15,

14
15
1,
i
15,
14,
20,

28,

21,

ILLUSTRATIONS

Elvertos e Hatler® &0 = & 50 5 % G0 adl @ T e detes & S
Francpts Mapendia' [ o0 o000 G o5 5wk
Lumbar region of skeleton of o one-vear-old E]ntrl At
Lumbar region of skeleton of a six-year-old ehild . . . . .

& B B 5 B .

. Beetion of human brain (Color Plate) . . . . .

Disgram of Fig. 3 & - + & o o = o o w4 owow owowow
Chorieid plexus detached from the ventricles . . .
sSpecimen illustrating the importanee of spinal puneture for ding-

nostie. pUrpoBes L. @0 L W S o TR s W E % iE ow e e @
Gpposite view of Fig: & o . & on O U 0 s A A e @ oE o
Bection of eanda equinag of a dog . .. . . . .0 L . W el

Plexus of veins, the puncture of which is responsible I‘nl' Bl ool
pbiained . during spinal puncture . . < 5 ¢ 4 ¢ 2 o8 o« s

Various types of lumbar puncture needles . . . . vy o s
Modified Quineke apparatus for measuring the Hrl-.'hl ospinal fluid
Pressunne ¥ ¥ 3 . 3 5 o= s e a w % w ow W m

Author's spimal puncture needle and manometer . . . . . .
Photograph showing ventricular puncture inan infant (front view)
Photograph showing ventrieular puneture in infant (side view)
Crystallization of nonmeningitie cerebrospinal fuid , . . .

Crystals of evaporated nonmeningitic cerebrospinal fluid . . . .
Cryetals of sodinm ¢hloride in a 1 per cént solution of dextrose
Average change in the H-ion eoncentration of lmnnu-uingiﬁt-. fluid

on standing . . . . . . w o« . y el

. Uhange in H-ion coneentration of nonmeningitie Ilm-rh (711 Ht-‘uu]

ing af room temperature under various conditions . . . .

2. Photomicrograph of stained pellicle from cerebrospinal fluid of a

pnenmocoecus meningitis . . o o o 0 W o w6 e W W e

o Pelliele formarion in miningitis ., . . . . . S -
. CUrystals formed in test tube on spontancons ev .rpnvauun n.f eore-

Bbrospinal fluid from a c¢ase of tubereulous meningitis . . . .

. spontaneously evaporated eerebrospinal fluid from a ease of tubercn-

lous menineiiis -

s @ £ & - -

. Bpontaneously evaporated u*n*h;tﬂplnn] ﬁunl frmu a case of pneu-

maEnee s ltl,l.'"1ll H;_":I tis

s & s . ® . Cl * - - # . " -

. Urystals from an evaporated fluid in a case of tuberenlous menin-

Hlt]E L L] * * " L] * * & - - - - - - * - * L]
Crystals from an evaporated ﬁm:l of o ease of pneumococcens men-
mEts: - . e 4 A

Photograph aslmump; Ilw typical ratio of |:ru¢1|:111m=q hv the two
precipitants - . .

& s . * " " - -

PAGE

210
L
0
27

30

32

a0

5
al
65

LR L
o =

i3
G
he
i
i)
L
O

LH

10

119
120



16

Sk

ILLUSTRATIONS

_-'l|_|||h:1r'4|1ll;~; {or |-.'|_1:||||114:':'.-'I.-. of [I]'IITl'iIIh T el R e
Change in the H-ion coneentration of three tyvpes of 1.'1']'I."|II'1II."~||-iIIIL|

i T B R el o e e e e S et e s e e e
Different effects of corking on tuberculous and 1'||i||1~||ﬁ:f fluids .
Fuehs:-Rosenthal chamber for counting eells in eerebrospinal fluid
Neubauer blood comunting chiamber which may be used for covébro-

spinal  fluid o cr L AL R i B gl o e e o

|']|u'|n;‘l1'|','|1-|| sliowin e :I;_].'_"|1I1ill.'L1illll of  meninEoraee ||_'k' the maera-

Seppre ntEt el o v e e e e e e e
Mieroscopic method of agglutinating meningoeoeei . . . . . .
Agrlutination of meningococei by the microseopic method . . .

Lange eolloidal zold test in ease of :*l*t'1'1||'|1:-=||'|||;|| e 5 o e
Lange colloidal gold fest in case of tabes . . . . . . . .
Lange collondal golid test in case of general EIEI!'!'HiH I
Lange gold ehloride reaction in o ease of tabes ddorsalis (Color
Plate) 3 wlar o e me e WA W mar e Eoe (e e e
'|,;|HJI_-.'|- Jl_!"l'l|r||.| 1'!|]r|r'i||1' regetion in g ease of ;_*'l.'l'u'r':il ]|:|'|'4-.\.'i..~\'. {Color
Plate) e el e B e o - S
Lange eolloidal gold test in a éase of tuberéulons meningitis |,
Lange gold ehlorvide reaction in a case of tuberenlons meningitis
LB 1 [ (T YR S e S e I e e T e et
Lange golid chloride reaction in o ease of meningocoecus meningitis
(Clolor Plate) Ll T R T N o T
Lange eolloidal gold test in o ense of meningococens meningitis
Photomicrograph showing dircet smear from eerebrospinal fuid
of case of meningoeoecus meningitis . . o . o L . L .
Twentv-four-hour eulture of meningococe] grown in aseitic dex-
trose agar: o L WL . = T e e T et o A B S T
Photomicrograph of pure meningococcns enlture . . . . . .
Photomicrograph of smear from eerebrospinal fluid of pnenmocoe-
cug memingitia . . . . il RS B ety e QW=
Photomicrograph showing direet smear from cerebrospinal fluid of
eagse of mixed streplococeus aml pneumococeus meningitis .

Photomicrograph showing direet smear from cerebrospinal fluid of

ease of Anfluenza mentngitiz o .0 o L w G e v @ w o s
Photemicrograph of pure culture of influenza baeilli . . . . . .

Lange colloidal gold test in case of epidemic poliomyelitis . .
Instrument for the introduction of antimeningococcus serum hy the

Bean s RO o e e s ke en mn e i e me e i O
Temperature and pulse chart of a case treated by antimeningococens

ST S . EL me W T i e L -

134

142
144
16i=

173
174
175
155

=

187

157

184

18%

] e

195

185

1 i

1497

168

201

an1

214

204

n'r]f'tl

o i 4



CEREBROSPINAL FLUID

CHAP'TER 1

HISTORY OF CEREBROSPINAL FLUID

The existence of water on the brain in pathologic cases
was known to the ancients. lHippoerates is eredited with
tapping the ventricles in hvdrocephalus, We have nothing
to show, however, that the ancients knew of the existence
of flnid in normal persons. There is no mention of cere-
hrospinal fluid in the early writings of Ilippoerates. In
the later Hippocratedian colleetion the brain is spoken of
as a gland. The elandular nature of the brain in this in-
stance, however, does not refer to the cerebrospinal fluid,
but to the so-called seeretion which the ancients helieved
was poured down from the brain into the pharynx. Heroph-
ilus in his writings shows that he knew of the existence
of the ventricles and of the chorioid plexus, but not of the
function of the chorioid plexus or of the contents of the
ventrieles. It seems but natural to suppose that Heroph-
ilus who dissected hundreds of human bodies should
have known of the existence ol eercbrospinal fluid in the
ventrieles.  We wonder if it could be possible for so keen
an observer as he not to notice the presence of a large
amount of fluid in the eavity of the brain on eutting it open.
Yet, in giving a deseription of the ventricles which he
speaks ol as the seat of the soul, he makes not the slightest
reference to the presence of any fluid in the brain. There
18 a possibility, of eourse, that the lost books of Herophilus
may have contained some reference to cerebrospinal fluid.

(e finds the same silenee on the snbjeet in other ancient
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1S CERERBROSPINAL FLUID

anthorities.  Krasistratus of Julis (330-250) describes
four eavities in the brain, but he makes no mention of fluid
im them. Galen, who was thoroughly familiar with the
construction of the ventrieles, speaks of an **exerementi-
tial liquid, expressed from several places in the brain into
the ventrieles, especially the fourth, where this liguid is
stored and then purged into the nose through the ethmoid
bones and infundibulum.” The fluid referred to, however,
may not bhe the cerebrospinal fluid.  Hemesius of Kmersa
(born 540 A.n.) gives a minute analvsis of the ventrieles
and the localization of mental power within them, but he
does not speak of the fluid they eontain. One would nat-
urally turn to Vesaling for a deseription of cerebrospinal
fluid, for it iz a well-known faet that Vesaliug knew the
chorioid plexus and, therefore, must also have observed the
fluid.  Yet, though he devotes page upon page to a disens-
ston ol the localization ol the soul, he merely mentions a
watery humor of the brain, but gives no deseription of any
humor that would indieate that he had the cerehrospinal
flutd 1n mind.  Mention of the presence of a fluid in the
brain is found in the writings of Varolius (1543-1575).
This scientist, who deseribed the pons that bears his name,
denied the existence of pneuma in the ventrieles, and in-
sigted that it was fluid and not pnewma that filled up the
cavity ol the ventricles, However, he gives no deseription
of the fluid he recognized. The real digcovery of cerebro-
spinal fluid 12 attributed to Contugno. Dominico Contugno
is responsible for many discoveries in medicine. e dis-
covered intestinal lesions postmortem in a case of typhoid;
demonstrated the presence of albumin in urine on hoiling;
and disecovered the agueduet in the internal ear known
subsequently as the agqueduetus Contugni. In 1754 he made
the mnportant discovery of the presence ol eerebrospinal
fluid in living fishes and turtles, although he could not de-
teet its presence in man. Though Contugno usually gets
the eredit for the discovery of the ecerebrospinal fluid,
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Bilanchoni elaims that Valsalva prior to Contugno found
“an ounee ol a certain liguid m entting the eord membrane
ol a dog, a fluid resembling that seen in articulations.”

The absence of a method wherehy normal eerebrospinal
fluid ceonld be demonstrated in living beings was respon-
sible for the lack of interest shown in the investigations of
this fluid., Whatever interest there was, was confined to
pathologic eazes. In 1727 Stalparting Vander Wiel de-
seribed a case of injury to the head in whieh a elear watery
fluid was seen fo exeape from the ear for geveral davs after
the injury. In 1764 Robert Whytt appeared with a deserip-
tion of tuberenlous meningitis, He divided the disease into
three stages according to the behavior of the pulse, and
attributed the various manifestations of the dizease to the
presence of a serous exudate. In 1768 he published the
results of his work on acute hydroeephalus under the tfitle
““Observations on Dropsy of the Brain.” Under the head-
ing of acute hyvdrocephalus he included all forms of acute
brain disease.

For a elear-cut deseription of eerebrospinal fluid in nor-
mal persons we must turn to the writings of Albertus de
Haller (Fig. 1). In the ““First Lines of Physiology’
the third Latin translation, we find the following deserip-
tion :

“The fluids, which, being deposited from the blood into
other vessels, are said to be secreted, seem redueible to
four classes. The first consists of viseid fluids, coagulable
by a heat of about 150°, by aleohol, and by strong acids,
although generally, in the living animal, they eseape in the
form of vapor and after death are compacted into a gela-
tinous substance. To this class belong the liguor and hali-
tus of the ventricles of the brain, the pericardium, pleura,
peritoneum, tunica vaginalis, ammois, joints, renal eapsules,
and probably of the womb, with the juices of the stomach
and intestines, and lastly the lvimph generally known.”’

A little further Haller goes on as follows:
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“*Have lvmphatie vessels been seen with eertainty in the
brain? They have been deseribed in the large chorioidal
plexus amongst the fibers of the olfactory nerve, and in the
pia mater. For my own part, I have never scen them, and
it is probable that there are none, sinee there are no con-
glomerate glands in the brain, which are always found
near these veszels. As for the various aecounts which are
eiven of the pituitary glands, to the infundibulum and of
the duets which lead from thenee into the veins of the head,
absorbing water from the ventricles, they are not sup-

Fig. 1.—Albertus de Haller (17081777 ).

ported by any anatomic demonstration; which makes it
probable that the vapor, which is seereted into the ventri-
cles of a healthy person, is, in like proportion, absorbed
again by the inhaling veins; and that if there he any excess,
it descends throungh the bottom of the ventricles to the
basis ol the skull, and into the loose cavity of the spinal
marrow. That this is the cage, appears from the palsies,
which ensue after apoplexies and from the watery tumors
in the lower part of the spinal marrow, in hydroecephalic
patients.”’
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[aller thought that the fluid not only was seereted in the
hollow tubes of the medulla, but that it also flowed into the
small tubes of the nerves. In the quotation that follows
may be found part of Haller’s explanation of the mechan-
ism of irritability, the original conception of which was
advanced by Gligson.

“Upon the whole, it seems to be certain that, from the
vessels of the cortex, a liquor is secreted into the hollow
tubes of the medulla, which, being continued into the small
tubes of the nerves, and propelled to their extremities, is
the cause of both sense and motion. But there will be a
twolold motion in that humor; the one slow and constant
from the heart; the other, not continual, but exceedingly
swift, which is exeited either by sense or any cause, as
motions arising in the braimn.’’

It is evident from Haller’s own statement that he knew
of the existence of eerebrospinal fluid in the ventricles and
of the course of its eirenlation. IHowever, with all his
knowledge he does not seem to have heen aware of the real
nature and composition of the fluid. 1t was left to Magen-
die (Fig. 2) (1825) to give us an aceurate deseription of
the workings ol the fluid, especially the fluid at the base
of the brain.  We are indebted to him for a elear-eut con-
ception of the physical appearance and protective fune-
tion of the eerebrospinal fluid. The following is taken
from Magendie's treatise on Physiology:

“*But there is a disposition unknown to Bichat, which 1
have recently discovered, and which contributes in a man-
ner extremely efficacious to the conservation and defense
of the medulla.

““The eanal which is formed around the medulla by the
pia mater, and which is lined by the arachnoid, is a great
deal larger than is necessary to contain the organ; hut dur-
ing life the whole interval is filled up by a serous liguid,
which strongly distends the membrane and which spouts
out to many inches in height from a small puneture made
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in the dura mater. An analogous arrangement is also to
be observed around the brain and cerebellum. It is easy
to conceive how efficacious must be the protection thus de-
rived from the liguid which surrounds the spinal marrow,
and in the midst of which it 18 suspended like the fetus in
utero; with this difference that it is fixed in its position
by the ligamentum dentatum, and the different spinal
nerves,

“Besides the different envelopes of the hrain of which
we have spoken, and the dura mater which covers it in its
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whole extent, this substance is evervwhere surrounded
with a very fine serous membrane the principle use of
whieh is to vield a thin fluid, which lubricates the brain.
The arachnoid penetrates to all the eavities ol the brain.”’

It 18 evident, therefore, that Magendie knew not only of
the existence and appearance of the cerehrospinal fluid, but
that he was also aware of the most significant funetion of
the fluid—namely, its protective nature. As soon as
Magendie opened the way for the study of eerebrospinal
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fluid, a number of other investigators followed in his path.
Luschka and IFekar studied the fluid from an anatomic
standpoint.  Cavazzani performed numerous experiments
on dogs to determine the physiologie character of the
cerebrospinal fluid. Naunyn made a study of the physies
ol cerebrospinal pressure. Shortly after, in 1842, Lange’s
Anatomy appeared and in it were nine pages devoted ex-
clusively to the discussion of cerehrospinal fluid,—a dis-
eussion that was both lueid and graphie,

Almost simultaneously speculation began as to the source
of eerebrospinal fluid.  Carl Schmidt, in 183), expressed
the view that the eerebrospinal fluid was not a mere trans-
wdate from the blood., Faivre, in 1853, advanced the the-
ory that the fluid was a secretion. Numerous investiga-
tions followed the promulgation of this idea, and hundreds
of experiments were undertaken by anatomists, patholo-
gists, physiologists, and chemists, experiments that are he-
ing carried on to this very day.

With the discovery of a method whereby cerebrospinal
fhd could be removed from the Living body, a new era was
ushered into the history of this fluid. One of the first
means of obtaining the cerebrospinal fluid was by remov-
ing it from the skull. This operation was lraunght with
many diffieculties. It invelved the use of a great nuni-
her of instruments and necessitated trephining of the skull
and the making of a =ealp wound.

A great improvement was made on this method in 1855.
Corning injected 20 minims of a 2 per cent solution of
hypochlorate of cocaine into a space situated between the
gpinous processes of two of the inferior dorsal vertebra
of a dog. Five minutes after the injection there were
marked evidences of incoordination in the posterior ex-
tremities. A few minutes later there was pronounced
weakness in the hind legs, but there were no signs of feeble-
ness in the anterior extremities. The faradie current
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showed that there was no reflex action of the hind legs, but
the anterior extremitios responded quickly.

Corning then injected 30 minims of a 3 per cent solu-
tion of cocaine hypochlorate between the spinous processes
ol the eleventh and twelfth dorsal vertebra, in a man suf-
Fering from spinal weakness,  As there was no numbness
noticeable, he injected 30 minims more in the same =pot
about six or cight minutes later., In ten minutes the man
complained that his legs felt “*sleepy,”” and brush appli-
cations showed that sensibility wag greatly impaired,

As a result of his experiments Corning eame to the
conclusion that local medication by means of spinal pune-
ture could prove of great therapeutic value in relieving a
number of morbid conditions of the cord. Unfortunately,
however, Corning left us neither a deseription ol the teeh-
nie he emploved nor of the tvpe of needle he used. More-
over, his operation was attended with a great degree of
risk in that he introduced the needle too high up in the
spinal colummn, thus incurring the danger of injury to the
cord.

In 1891 W, Essex Wynter reported the drainage of cere-
brospinal fluid in four eases of tuberculous meningitis, He
treated his first ease in 18849, making an ineizion i the skin
ol a patient suffering from tuberculous meningitiz, In the
ineiszion which was made a little to one side of the spine of
the second lumbar vertebra, he introduced a Southey tube
and a trocar. When he felt that the point of the troear
hadl struck against the lamina, he directed it slightly down-
ward, foreed it through the ligamentum and theea, and then
inelined it toward the median line. When the trocar was
withdrawn, clear fluid rushed out into the Southey tube.
A fine, India-rubber tube was then conneeted to facilitate
continuous drainage. The svmptoms of the disease sub-
cided immediately, although the patient subsequently died
from tuberculous meningitis.  From 18589 to 1891, Wynter
treated three more cases of tubereulons meningitis, -
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all of them showed improvement for a while, although they
subsequently suceumbed to the disease.

Charles A, Morton (1891) followed the method outlined
by Wynter. In discussing the pathology of tuberenlous
meningitis with reference to its treatment by tapping the
spinal subarachnoid space, Morton says:

“*What symptoms can he relieved by it only the practice
of the operation ean show; that ont of four eases operated
on in the Middlesex Hospital in one there should have been
contraction of the unduly dilated pupils, and in another
slight improvement in the general condition, is enconrag-
ing when we remember that drainage was not maintained
in all the cases. The operation does no harm and as the
patient is already comatose, no anesthetie is required.””

Morton, we see, tapped the patient when he was already
in. comatoge condition.  Although he doeg not state def-
iitely just what technie he emploved, he does, at the be-
ginning of hig article speak of the recent procedure **of
tapping the subarachnoid space of the spinal cord in cases
of tuberculous meningitis.””  Thiz would seem to indicate
that he followed the method of Wynter; namely ineision of
the skin, introduction of a trocar between the vertehr
and the use of a eontinnous drain.

For the simplification and perfection of the spinal pune-
ture we must turn to Quincke. Corning, who was the first
to nse spinal puneture, emploved an operation that was
franght with danger to the cord, as the point at which he
introduced the needle was too high up in the spinal canal.
Wwnter, it is true, did his puneture in the lumbar region,
but his method necessitated the use of a large trocar, a
continnous drain and a large ineision in the skin. The
procedure of Quincke was a vast improvemeut over those
of his predecessors, both from the standpoint of simplicity
and of safetv. Quincke used only a plain needle and he so
perfected the teelmie of gpinal puneture that there is little
that ean be improved in his original method.
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At the Tenth Congress for Internal Medicine, Quineke
reported two eases of hyvdrocephalus treated by means of
withdrawal of the eerehrospinal fluid. The first was one
of chronie hvdrocephalus in whieh the fluid was removed
by trephining and in which the contractures of the extrems-
ities and of the neck subsequently disappeared. The sec-
ond was that ol a ¢hild in which lumbar puneture resulted

in great improvement, From these and similar observa

tions Quineke eoneluded that spinal puneture for thera
peutic purposes was indicated in marked cerchral pres-
sure, especially in cases of tuberculous meningitis and
acute hydrocephalus. Quincke not only deseribed the tech-
ni¢ ol spinal puneture, but he also measured the pressure
ol the cerebrosgpinal fluid and determined i1ts chemical com
position =0 lar as he was able with the chemieal technie

at his command. Fhgs, 3 and 4.)
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'or two vears after Quineke’s experiments with spinal
puncture no reports appeared in literature regarding its
nse. It was not until 1893 that Lichtheim called attention
to spinal puneture as a valuable aid 1 diagnosis, and two
vears later, in 1895, Fiibringer reported 107 punetures in
eighty eages, In Ameriea, Browning, in 1894, reported a

series ol spinal punctures and G, W, Jacoby, in 1895-6, re-
ported 30 punctures.  Since 1896 spinal puneture has been
quite generally adopted as a routine procedure for diag-
nostic and therapeutic purposes,

Bacteriology, serology, and ehemistry have all plaved an

jll]!lnr'[H!H role r|!ri|ri!|: the ||i:~'1r|r'_\ of the 1'|-|'1'|rl':1.-'|1i|]:=|]
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fluid. As lor bacteriology, there is hardly a discovery that
does not bear a more or less direet relation to the history
of cerebrospinal fluid. The diseovery of the tuberele
baeillus by Robert Koeh ehanged the name of acute hydro-
eephalus to tubereulous meningitis, and the eonception as
to its nature aceordingly. The discovery in 1885 by Leich-
tenstern of intracellular diplocoecei, later elaborated with
greater aceuracy hy Weichselbaum (1887), changed the
name of ““spotted fever’ and “epidemic cephalalgia®™ to
meningococens or epidemic meningitis, and the discovery
of pnenmococens by Frinkel and of influenza baecillus by
Pfeiffer did much to elear up the understanding of
meningitis by introducing system where chaos previously
reigned.

Serology has added a great deal to the diagnostie and
therapeutie uses of the cerebrospinal fluid. DBordet’s dis-
covery ol complement fixation, IKhrlieh’s work on mmmu-
nity and Wassermann’s serologie test all found praectical
applieations in the cerebrospinal fluid. However, prob-
ably the most heneficial contribution in the field of serol-
ogy was the discovery of antimeningococcie serum by Joch-
mann, in Germany and by Flexner in Ameriea and the in-
troduction of the intraspinal injection of the serum by
Flexner.

Chemistry, too, has had its share in shaping the history
of the cervebrospinal fluid. Tt has shown us the composi-
tion of this, the clearest of hody fluids, and has shed light
on the diagnosig of meningitis and other affections of the
central nervous svstem.

Finally, the recent offspring of seience, physical chem-
istry, 18 making its impress also on the higtory of eerebro-
spinal fluid. The H-ion concentration, eataphoresig, the
Lange colloidal gold test, the ninhydrin reaction and the
precipitation tests, all of which are based on physicochem-
ieal principles, have thrown light on diseases of the central



HISTORY 20

nervous svstem in general and on the composition of hody
flnids in partieular.

We see that it would hardly be an exaggeration to say
that the history of cerebrospinal fluid in many respeets is
but a miniature history of modern medieine.
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CHAPTER TI

ANATOMY AND PHYSIOLOGY OF CEREBRO-
SPINAL FLUILD

LOCATION

The brain and spinal cord are surrounded throughout
their length by a bed ol fluid ealled the eerebrospinal fluid
(Liguor eerebrogpinalis, liquide cephalorachidien, Zerebro-
spinalfliissigkeit). Besides the fluid that surrounds the
brain and cord there is also a small quantity of fluid in the
ventricles of the brain.

The subarachnoid space is situated between the mner
vascular laver of the meninges, the pia, and the onter thin
laver ol the meninges, the arachnoid. Tt is subdivided into
numerous compartments by means of delicate trabeeula
whieh run from the pia to the arachnoid. The subarachnoid
space is not ol the same depth evervwhere. In some
places it iz quite wide and the trabeeunle are quite long,
whereas in others, especially over high convolutions of the
brain, the opposite is the case, the space being very small
and the trabeeule very short. The various wide spaces are
known by special terms suggestive of their form. Among
the most important ave the cisferna magna, which is lo-
cated between the under surface of the eerebellum and the
medulla; the eisterna ponfis which is the continnation of
the subarachnoid space ol the spinal cord upwards to the
floor of the eranium; and the cisterna basalis which 18 sit-
nated in front of the pons. The subarachnoid space of the
cord, like that of the brain, is subdivided by trabeeula, or
septa, and is also quite wide.

In addition to the fluid contaimed in the subarachnoid
space of the brain and cord there is fluid in the ven-
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Fig. 5 Section of human beain showing the chorioid plexus, the cxtent. relations, @t
snterenmmunicmions of (he Lrain veatricles (Hee Fig. 6.)
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tricles of the brain: the two lateral, the third, the fourth,
and the firth ventrieles ( Figs, 5 and 6).

Lining the ventricles there ig a tuft of blood vessels, cov-
ered by a single laver of epithelium called the ehorioid
plexus (Figs. 5, 6 and 7). This plexus 1s an ingrowth or
folding of the pia, the laver of the meninges immediately
adjacent to the bram.

Two-thirds of the blood supply of the plexus in man is
furnished by the anterior chorioid branch of the internal
carotid artery which enters the plexus at the anterior end
of the descending cornu. The remainder is supplied by the
posterolateral chorioid artery, a branch ol the posterior
cerchral. These arteries hreak up into arterioles, the larg-
est of which are vigible to the naked eve.  After passing
through the network of capillaries, the blood returns
through the choriowd vein to the mternal eerebral veins
where it joins its fellow and forms the cerebral vein, or vein
of Galen,

The walls of the blood vessels of the chorioid plexus,
measure, in some tufts, 0.2 mm, i thickness, while in oth-
ers they form only a thin membrane hetween the lumen and
cuboidal eells on the surface. Mueh variation exists alzo
im the size of the lumina.

Sundwall divides the vessels of the chorioid plexus into
two groups: (1) The vessels with thick walls, which as a
rule, possess narrow lununa and have the same general
structure as the small arteries,  Welgert’s stain shows a
well-developed internal elastie laver, which in most in-
stances is corrugated. In the media, whieh i1g quite well
developed, fine, wavy, elastic fibers may be seen. The
fibers may be traced to the cuboidal eells for which they
frequently form a basie membrane. (2) The second group
of vesselz are those with comparatively thin walls and
wide lumina. These may he regarded as veins or sinuses,
No musenlar tissue ean be made out in the walls of this
second group, the walls being composed almost entirely of
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white fibrous connective tissue and are 2o similar through-
out in their strueture that thev can not be differentiated
into intima, media, and adventitia. Only here and there
may he seen a lew fine elastie fibers,

The walls contain numerous small vessels and capillaries
(vasa vasorum) of varying ecaliber. They are rich also in
nuelear elements, such as endothelial cells, conneetive-
tizsue cells and interstitial granule cells,

The cerebrospinal fluid in one ventriele of the hrain com-
municates direetly with the fluid in the other ventrieles

— —

Frg. 7. —Photograph of a choriowd plexus detached from the ventricles,

through the various openings counecting them. The only
exception to this rule is the fifth ventriele which contains
very little or no filuid. Thus, the fluid in the lateral ven-
tricles flows into the third throngh the foramen of Monro,
and the fluid in the third communiecates with that in the
fourth by means of the aqueduet of Svlvius.  (Figs. 5
and 6.)

The cerebrospinal fluid of the subarachnoid space eom-
municates with the fluid in the ventricles of the brain
through the foramen of Magendie which opens into the
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posterior part of the fourth wventricle and throngh the
foramina of Luschka and numerous other apertures which
open into the lateral ventrieles, Some authors, notably
Schmorl, elaim that no eommunication exists hetween the
cerebrospinal fluid in the ventricles of the brain and the
flnid in the subarachnoid spaces of the hrain and cord.
They base this elaim on two observations: (1) the finding
of bile in eases of ieterus in the cerchrogpinal fluid of the
cord, but not in the flnid ol the ventrieles: (2) by Sehmorl's
finding of a positive Nonne-Apelt reaction in the cerehro-
spinal fluid of the cord and a neeative reaetion in the fluid
of the ventrieles,

My own observations do not hear out the conclusion of
Sehmorl, T examined hoth the spinal and ventrieular flnid
in eases of meningitis and found them quite alike in hoth
their globulin and baeterial content. Tn Taet, in my eases,
the ventricular fluid at times gave mueh stronger globulin
reactions than did the fluid from the spinal eanal. Tow-
ever, the best evidenee that a communieation exists he-
tween the ventricles of the brain and the subarachnoid
spaces is the commonly observed laet that in hemorrhages
into the ventricles the fluid obtained by lumbar puncture
containg coaculated blood. Tt is also well known that when
a colored fluid is injected info the ventrieles, it ean be re-
covered by Inmbar puneture in a few minutes. Viee versa,
if the colored fluid is injected hetween the atlas and axis
it ean be recovered from the lateral ventricle. Tt is also
well known that a tense fontanelle will 2o down with the
withdrawal of eerebrospinal fluid by lnmbar puneture, All
this points to a direet communication between the ven-
tricles of the brain and the subarachnoid space.

FORMATION AND ABSORPTION

The rate of formation of cerebrospinal fluid is still a
matter of conjecture.  Falkenheim and Naunyn observed
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that from 1 c.e. in six minutes to 1 c.e. in forty minutes
flowed out of a eannula introduced into the subarachnoid
space of a dog. In another dog, weighing 23 kilos, they
observed as large a flow ag 240 e.e. of fluid in twentyv-four
hours and in still another dog, weighing 20 kilos, they re-
ported a flow of 36 e.c. in twenty-four hours. Aceording
to these experiments there does not seem to be any rela-
tion between hodv weight and the rate of formation of
cerchrospinal fluid nor bhetween the rate of formation and
the arterial pressure. In the numerous reports of eases of
cerebrospinal rhinorrhea, the amount of fluid flowing out
from the nose varied from 96 e.c. to 720 c.e. per day. Til-
laux, for instance, reports a case in which there was com-
munication between the subarachnoid space and the dura
and in which the daily flow of eerehrospinal fluid from the
nose averaged one-fourth of a liter. Wallace MacKenzie
reports a ease of eerehrospinal rhinorrhea where the aver-
age flow of fluid per hour was one ounce, making a total
of 720 e.e. in a dayv. In trauma of the spinal eolumn even
ereater amounts of fluid have been obhgerved, as in the case
of Giss in whieh there was a flow of fluid measuring from
one and one-halt to two liters. It seems likely, however,
that the large amounts of eerehrospinal fluid observed in
cages of trauma are no indication of the normal rate of
formation in cerebrospinal fluid, as it is well known that
whenever there is irritation of a serous membrane there
is an inerease of the fluid in the eavity.

So far as we know, no one has as vet determined the rate
of formation of eerebrospinal fluid under normal condi-
tions. One point, however, has been quite definitely es-
tablished by Falkenheim and Naunvn and that is that there
is a eonstant secretion and absorption of the flnid.

That the cerehrospinal fluid has a eirenlation has heen
shown by Magendie, but the mode of cirenlation has not
been entirvely established. It is thought that the Anid
starts in the ventrieles of the brain, that it passes through
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the foramina of Magendie and Luschka into the subarach-
noid space of the brain, then downward along the posterior
aspect of the spinal cord. On reaching the end ol the cord
the floid passes upward along the anterior surface of the
cord. Some of the fluid iz absorbed there. The rest
spreads over the convexities of the hemispheres from
whenee it 1s absorbed.

The data on the absorption of the cerebrospinal fluid are
not numerous, Duret was able to introduee 583 c.e. of wa-
ter into the subarachnoid of a dog in the course of two
hours. Naunyn and Schreiber introdueed 400 e.e. of phys-
iologie =alt solution into the subarachnoid space of a dog,
weighing 914 kilograms, in the course of an hour and three
quarters, using 100 mm. mereury pressure for the injee-
tion. Falkenheim and Naunyn showed that the absorption
is rapid even when the fluid is injected with a very little
force. Dandy and Blacklan injected 1 c.e. of phenolsul-
phonephthalein into a dog after withdrawing 1 c.e. of cere-
brogpinal fluid. They examined the quantity of phenolsul-
phonephthalein excereted in the urine by a colorimetrie
method, and found that in the first hour after the injection
there were 16.6 per eent ol phenolsulphonephthalein ex-
ereted in the urine; in the second, 17.8 per cent; in the
third, 13.6; in the fourth, 7.2 per cent; in the fifth, 4.5 per
cent s in the sixth, 2.2 per eent; in the seventh, 1.3 per cent;
and in the eighth, 1.5 per cent. IFrom these experiments
they coneluded that the absorption of the eerchrospinal
fluid is fairly regular for a period of from three to four
hours, and that it diminishes progressively after this time.
They set a minimum of four to six hours for the comple-
tion of absorption of the fluid, making four to six renew-
als in 24 hours.

The above, however, ean not he taken as an index for
the rate of abgorption ol the eerebrospinal fluid, ag phenol-
phthalein is a foreign substance, and, as is well known, a
foreign substance 1s rapidly eliminated from the body,
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without reference to the absorption power of the body
fluids.  One, for instanee, is not justified in saving that
since G0 per cent of a dve is exereted in the urine in two
hours by the kidney, 60 per eent of the water of the blood
is exereted in two hours. Foreign substances are elim-
imated by a speeial mechanism and bear no relation to the
abszorption of the hody flnids.

So far the rate of absorption of cerebhrospinal fluid has
not been determined, and we believe will not be deter-
mined so long as the rate of formation of the fluid is not
known, for the rate of absorption naturally depends on
the rate of formation.

As for the channel through which absorption of the
cerchrogpinal fluid takes place, there 12 a divergence of
opinion. Mottt congiders the perivascular lvmphaties as
the channel of absorption. It has heen proved by others,
also, that a portion of the fluid is drained by the lymphat-
ies into the deep eervieal glands, and that a small portion
flows mto the lvmph vessels of the nose, the perilvinph
spaces of the labyrinth of the ear and in the perineural
sheets. This is somewhat substantiated by the cases of
ecerehrospinal rhinorrhea veported in the literature. It
has been found, however, that normally the absorption by
way ol the lymphatie system removes only a very small
gquantity of the fluid. Tlll, Ziegler, and Spina showed that
methyl blue injeeted into the subarachnoid spaee ean be
recovered from the stomach in twentv minutes, while it
takes hours before the lvimphaties of the neck are diseol-
ored by the stain. Dandy and Blackfan introduced a can-
nila into the thoraecie duet after they had injected phenol-
sulphonephthalein into the subarachnoid space and found
that there was very little absorption by the lvmph, com-
pared with that by the hlood.

These and many other experiments indicate that the
ereatest amount of cerehrospinal flnid iz abgorbed into the
blood stream proper. According to Schwalbe, Key and



= %
e
o

CEREBROSPINAL FLULD

Betzius, the Pacchionian bodies perform the funetion of
absorbing the fluid, but according to recent studies these
bodies are concerned only little in this absorption. Bohn,
Reiner and Sehnifzler advoeate the idea that the fluid is
abzorbed by the stomata ol the meninges. This theory,
however, has no real Ffoundation, and at present the weight
ol evidenee iz in favor of the absorption of the eerebro-
spinal fluid by a process of diffusion into the blood from
the subarachnoid space of the brain, and particularly of
the cord,

PERMEABILITY

1t 15 conceded by most observers that under normal con-
ditions no foreign substances, or at least very few, pass
from the blood into the eerebrospinal fluid. This resist-
ance of the meninges to the entrance of a foreign substance
1 held to be due to the impermeahility of the meninges,
although, if we accept the view that the cerebrospinal fluid
is seereted by the chorioid plexus we should speak rather
of the impermeability of the chorioid plexus. Varions ex-
periments have been made to demonstrate this property of
the chorioid.

Cavazzani injeeted potassium iodide into dogs intraperi-
toneally and recovered only very small amounts of it in the
cerchrospinal fluid,  Sieard, Lewandowsky, and Rotky
repeated the experiment and eould not deteet potassinm
iodide in the eecrebrospinal fluid at all.  Lewandowsky
found that a few cenfigrams of sodinm ferroevanide in-
jected into subarachnoid space rvapidly produeed tfoxie
svinptoms while four to six grams injected into the jugular
vein in rabbitz of the same weight produced no gpecific
svimptoms. This eould not have been attributed to the so-
lution employved, for a 10 per eent salt solution imjected
into the subarachnoid space produced only slight effects.
Lewandowsky was also able to show the transmissibility of
only very small traces ol stryehnine in the eerebrospinal
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fluid of animals, but nene in man. Von Jaksch and Sieard
could not deteet the presence of mereurie salts after inune-
tion into the skin. Livon and Bernard counld detect sal-
ieylates, but in very small amounts, in the cerebhrospinal
fluid of a dog after intravenous injeetion.

Antitoxin also passes over into the eerebrospinal fluid
only in traces. Behring injected hens both subeutancously
and intravenously with tetanus toxin and found that they
suffered no ill effects.  However, when he injected the
same amount of toxin into the subdural space the hens
died from typieal tetanus,

Mestrozat found that when sodinm nitrate is adminis-
tered to a normal individual before a spinal puncture is
made, the fluid shows very little or no nitrate, while in
cases of meningitis, the drug ig present in large quantities.

There are a few chemieal substances, however, that do
seem to bhe transmitted from the blood into the eerebro-
spinal fluid, namely, hexamethyvlamine, aleohol and c¢hloro-
form. Hexamethylamine has been shown by Crowe, Hold
and Ratsky to be present in the cerehrospinal fluid of
both man and animal after administration by mouth. This
ohservation has lod to the suggestion of giving hexamethy-
lamine in meningiti= and poliomyelitis.  Aleohol was shown
by Schottmiiller and Sehamm to aceumulate in the cerebro-
spinal fluid in even larger amounts than in the blood.

OF pathologic produets, acetone, acetoacetic acid, lactic
acid and bile have been found to pass over into the cere-
brospinal fluid quite readily even when the meninges
were not affected. 1 Tound the ehlorvides in the flnid to he
imercased in nephritis and the sugar to he inereased in
dianhetes,

Some of the experiments on the impermeability of the
meninges and chorioid plexus are not entirely convincing
because they deal with negative evidence. Veryv fre-
gquently also the technie and method have been at fault.
It is certain, however, that there is a vast difference he-
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tween the transmissibility of chemieal and immune sub-
stances in health and in disease and although we may
not know positively whether the meninges or chorioid plexus
are entively impermeable in health, we do know that they
hecome permeable in disease—a faet of great importance
in the genesiz and also in the diagnosig and treatment of
the diseases ol the meninges.

FUNCTION

That the cerebrospinal fluid has a mechanie funetion
there is no doubt. The fluid forms a water bed around the
cord and brain and thus prevents the jarring from external
trawma. The flud alzo equalizes the pressure between the
brain and the cord. Magendie, many vears ago, pointed out
the following:

“The cerebrospinal fluid which is barely mentioned in
the elassical works, not only fills out the empty spaces in
the skull and spinal eanal, it has a greater funetion, mainly
to exert a continual and regulated pressure on the neuron
masses,”’

However, a number of other funetions are aseribed to
cerebrospinal fluid. Mott helieves that it is the function of
the fluid to give up carbon dioxide and water to the blood
and to take up oxveen and sugar. Cushing, and later Fra-
zier, sngeested that the fluid may be the medinom of dis-
tribution of the active prineciple of the pituitary to the
tissues of the central nervons svstem, which is essential
to metabolism.  Halliburton congiders the fluid as a Locke
modification ol Ringer’s solution.  The sugar, as in
Locke’s solution, serves to supply the energy, the protein
serves to repair the wear and tear resulting from the ae-
tion of the nervons syvstem, and the fluid as a whole aets
as an ideal, physiologie salt solution bathing the neurones
and maintaining their osmotie equilibrinm.

According to Gaskel the neural fube is a primitive di-
gestive canal, and the cerebrospinal fluid a primitive gas-
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trie juice. Dandy calls attention to the gill-like appear-
ance of the chorioid plexus, a faet that inclines him to be-
lieve that the chorioid plexus and the cerebrospinal fluid
are concerned in respiration.  Pettit and Givard hold that
the Mluid has an internal secretion.  Still another theory
of recent origin voices the opinion that the fluid serves as
a destrover of toxie substances mtroduced imto the cere-
brospinal nervons systen,

Of the various theories advaneed in regard to the fune-
tion of the cerebrospinal fluid that of mechanic funetion
has an unguestionable basis.  All {the other theories are
open to ohjection of one kind or another; they lack in suf-
ficient evidence. Mott’s theory that the cerebrospinal
fluids gives up CO. and water to the blood zeems illogical
since the cireulation of the fluid is entirely too slow and
therefore inadeqguate to carry CO, to the blood. IFra-
zier's suggestion needs further econfirmatory evidence.
The theories of Dandy and of Gaskel do not appear at all
plausible.  As to the theory that the fluid destrovs toxin,
the objeetion may be raised that very few toxing are able
to et into the ecrebrospinal canal under normal condi-
tiong, asg shown in the diseussion on permeability. Of all
the theories, the only one that has a lirm basis 15 that of
mechanieal function,

ORIGIN
The question of the origin of cerebrospinal fluid is one
that has engaged the attention of many physiologists and

chemists, and even today the problem is far from settled,
although attempts have been made to solve it through the
aid of histology, chemistry, physiology, and pathology.
Carl Sehmidt (1850) was the first to voiee the opinion that
cerebrospinal fluid was a seeretion and not a transudate by
virtue of the difference in the chemieal composition of the
blood and the fluid. Faivre (1854) also spoke of the inti-
mate relation between the flud and the ehorioid p]nxus,
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Lusehka, Sehlaepfer, Yoshimura, Ernst, Kafka, Mott and
Meek found the existence of vaeuoles in the chorioid
plexus, and all, with the exception of Meeck, connected the
globules with the secretion of cerebrospinal fluid. Mott
examined the chorioid plexus of human beings soon after
death and on staining with methylene blue, he found the
cells of the chorioid plexus to contain many wvacuoles.
This, he believed, proved conclusively that the chorioid
cells seereted some substance. He compared the epithelial
cells of the chorioid with those of the lacrvmal glands,

Physiologic evidence as to the szeeretion of the chorioid
plexus was also brought forth by many obzervers. Kaflka
Found that, after an injection of pilocarpine, the epithelial
globules of the chorioid plexus were multiplied. Cavaz-
zani showed that Ivmphagogues did not affect the cerebro-
spinal fluid. His observation that the alkalinity of cere-
brogpinal fluid was eonsiderably less than that of the
blood also led him to the conelusion that ecerebrospinal
fluid was a secretion. Cappelleti eame to the same conelu-
sion regarding the origin of the eerebrospinal fluid. e
found that ethyl ether and pilocarpine inereased the flow
of the fluid, whereas atropin and hyoseyamin retarded the
flow. Pettit and Girard found that the administration of
pilocarpine, muscarin and ether to animals produced a
marked inerease in the secretion of the plexus. Dixon and
Halliburton brought about an inerease in the flow of the
fluid by injecting chorioid extract. They claam that the
chorioid plexns containg a hormone which when liberated
into the blood becomes the precursor and regulating me-
dium of the secretory activity of the plexus.

Interesting contributions to the chemieal phase of the
problem have been made by Sehmidt, Polanvi, Schottmiiller
and Schumm. The work of Sehmidt has been mentioned,
Polanyi concluded, from the small protein content and the
high molecular concentration of fluid in ecases of hvdro-
cephalus, that the fluid is not a transndate. Schottmiiller
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and Schumm elaimed that the fluid is not subordinate to
the blood, as they had found the fluid in some eases to con-
tain aleohol in as great and greater guantities than the
blood. Leopold and Bernhard subseribe to the view of
(fusghing that the cerebrospinal fluid is seereted by the
chorioid plexus on the ground that they were unable to find
urie acid in the fluid in normal individuals,

Evidence from pathologic conditions, as to the secretive
powers of the chorioid plexus has heen furnished by other
observers, Charles and Levy report a case of hydroeeph-
alus in which there was hypertrophy of the chorioid plexus.
Dandy and Blackfan occeluded the aqueduet of Sylvius by
a gelatine capsule and produced therehy an internal hydro-
cephalus.  Thiz would tend to show that the fluid is se-
ereted above the aqueduet and most likely by the chorioid
plexus. That part of the fluid might come from the ven-
tricles themselves the work of Francini would indieate,
as he noticed seeretory phenomena of the ependyma cells
of the ventricles after ether injections.

On the other hand, there are obszervations that would
tend to show that cerebrospinal fluid is not a seeretion.
Mestrezat, on the basisz of chemical analysiz of the blood
plasma and the cerebrospinal fluid, concluded that the {luid
18 not a filtrate, a transudate, or a seeretion, but a dialy-
sate of blood plasma produced hy a passage through special
epithelial cells. MeClendon, on physico-chemical ground,
claimed that the cerebrospinal fluid was an ultrafiltrate,

From the various data presented, one would be inelined
to believe that the chorioid plexus is the seat of the origin
of the cerebrospinal fluid. It is quite plausible to assume
that the plexus is loeated in the ventricles for some purpose
and most likely for the secretion of the cerebrospinal flaid.
Yot the evidenee brought forward to prove these points is
not altogether convineing.

Mott’s observation of the existence of vacuoles in the
chorioid plexus, an ohservation that has heen corroborated
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by Luschka, Findlay and Galeotti, does not necessarily
indicate that the chorioid plexus seeretes cerebrospinal
fluid. Meek believes that the vacuoles are due to the melt-
ing of the fat in the epithelial cells of the ehorioid through
the action of such hardening fluids as aleohol and xylol,
for chorioid cells whieh have not heen subjected to alco-
hol and xvlol do not show vacuoles. Pettit and Girard be-
lieve that these vacuoles are due to mechanieal injury
and to postmortem changes. Beeht argues that seereting
cells should not show vaenoles at all, hut cshould he smaller
than ordinary eells. He points out the faet that seereting
cells in the parotid and other glands hecome smaller dur-
ing the period of aetivity, whereas those of the chorioid
plexus become larger. Tle notes other differences as well.
While, in most glands, during the period of activity the
evtoplasm is differentiated into an inner granular layer
and an outer clear zone with well-defined nuelei, in the
chorioid plexus, during activity, the very opposite takes
place. The evtoplasm becomes differentiated into an inner
clear and an outer granular zone and the nueleus ean hardy
he distinguished from the nuelens of the resting eells.

Clavazzani’s evidence regarding the alkalinity of the
cerchrospinal fluid does not hold good, beeause the methods
nsed for the determination of the alkalinity were not the
proper ones, and with newer methods, the acidity of the
flnid is the same as that of the blood. As for the effect of
pilocarpine in inereasing the amount of cerebrospinal fluid,
this does not necessarily show that the fluid is a secretion.
The inerease in the secretion can just as readily be attrib-
uted to the action of the drug on the blood vessels,

As for the cehemieal evidenee hrought forth hy Polanyi,
i= it not plausible to assume that the cerebrospinal fluid
may come from the blood, and that the smaller content of
protein in the fluid be due to the changes the fluid under-
coes during the process of filtration? Schottmiiller’s ob-
servation that there may be a greater amount of aleohol in
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the eerebrospinal fluid than in the blood may be explained
on the ground of slower absorption in the cerebrospinal
canal than in the blood.

Until it is possible to remove the chorioid we shall not
know eonclusively whether the chorioid ig the seat of the
secretion of the cerebrospinal fluid. All that we ean say
at present with any degree of certainty is that there is con-
vineing proof to show that the cerebrospinal fluid is pro-
duced above the aqueduet of Sylvius.

The fact that nearly all constituents of the blood are
present in the eerebrospinal fluid, and that the physico-
chemical properties of the eerebrospinal fluid are practi-
ally the same as that of the blood, would make one helieve
that the eerchrospinal fluid is a direet produet of the blood,
most likely separated out by the chorioid plexus.

The data presented in this chapter may be summarized
in the following points:

1. The cerebrospinal fluid is contained in the subarach-
noid spaece of the hrain and eord.

2. The fluid in the various ventricles is in direct com-
munication with each other and with the fluid of the cord.

3. The cerebrospinal fluid has a cirenlation.

4. The rate of formations of normal fluids is unknown.
S0 is the rate of absorption,

5. Absorption seemingly takes place by a process of dif-
fusion from the subarachnoid of the cord and to a lesser
extent from the subarachnoid of the hrain. Some absorp-
tion also takes place by the Ivmphaties draining into the
deep cervieal glands, into the lvmph vessels of the nose,
perilymph spaceg of the labyrinth and into the perineural
sheets.

6. The cerebrospinal fluid, or rather the chorioid plexus,
is not permeable, or very little o, under normal conditions.

7. The fluid exerts a mechanieal funetion in that it equal-
izes the cerebrospinal pressure. The numerous other func-
tions attributed to the fluid need further substantiation.
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S. The origin of cerchrospinal fluid is unknown. There
is evidence pointing toward the theory that the chorioid
plexus is the geat of origin of the flmid. There is also evi-
dence pointing to the assumption that the fluid is a direct
product of the blood. It is, therefore, plausible to assume
that the chorioid plexus plays the role of separating the
various constituents of the cerebrospinal fluid from the
blood,
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CHAPTER 111

METHODS OF OBTAINING CEREBROSPINAL FLUID
FROM THE LIVING BODY

Before the day of spinal puncture the removal of cere-
brospinal fluid from the body was effected with a great
deal of difficulty. The usual method of removing eerebro-
apinal fluid from dogs was by means of a fistula between
the oceiput and the atlas.  From human beings eerchro-
spinal fluid was obtained through an aceidental flow of fluid
from the nose or ears. There are about twenty such eases
on record.  Another way of obtaining cerebrospinal fluid
from the living body, but one used only very rarely, was
an open operation cither on the head or on the vertebral
column,

At present there are two reliable methods in use for the
removal of cerebrospinal fluid from man or animal. One
15 spinal puneture, more properly ealled, lnmbar puneture,
and the other is ceranial or ventricular puneture. Both
procedures are comparativelv simple and ean be earried
out under ordinary conditions at the hospital or at home.
Lumbar punecture iz preferable for many reasons, We
shall, therefore, discuss it more exhaustively.

LUMBAR PUNCTURE

The first lumbar puncture by Quineke in 1891 was done
for therapeutic purposes. Sinee his time, however, we
have learned a great deal about the value of lnmbar pune-
ture for diagnostic as well as for therapentic purposes.
Therapeutically, lumbar puncture is done for the relief of
inereased intracranial pressure as in hydrocephalus, de-
lirimmn  tremens, eclampsia, encephalitis and other con-
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vulsive conditions.  Of great value is lumbar puneture for
the purpose of injeeting serum in cases of epidemic menin-
gitis, and for the Swilt-Ells treatment of syphilis.  Lum-
bar puneture is also done by some For the reliel of general
edema in eases ol nephritis.  Recently, J. M. Brady re-

\

Fig.8.—3pecimen illustrating the imporiance of apinal puncture for diagnostic por-
poses. B U, entered Cthe hospital with gymptoms of pnewmonia amd  with  marked
cyanosis, At first sight there seenved 1o be no indication for a gpinal punctare, but when
‘tonvulsions set in, @ puncture wis done.  The fuil withdrawn was very turhid and

showed pneumococei in direct smear as well as in culture.  The postmortem showed a
woell-defined exudate of the meninges, the exudate containing many [FR LTI COCe,

ported three cases of meningeal hemorrhage which recov-
ered after lmnbar puncture.  Cure hy spinal puneture has
alzo been reported in two cases of diabetes insipidus, As
a general rule, therefore, a spinal puncture should he made
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in all cases showing signg of inereased intracranial pres-
sure.

Diagnostically, lumbar puncture is of great value in
cerebrospinal lues, hemorrhage of the brain, tumors of the
cord, poliomyelitis, ete. Tt is particularly valuable in the
diagnosizs of all forms of meningitis and poliomyelitis.

Fig. 9.—Opposite view of Fig, 8. (See PFig 8 for deseription.)

The following cases are cited to show how important a
diagnostic measure spinal puneture may be:

8. ., entered the hospital with symptoms of pnenmonin and eyanosis.
The lung findings were indefinite. There was very little rigidity of the
neek and no other svmpfoms pointing to a meningitis. At first sight there
seemed to be no indieation for a spinal punetore, but when convulsions set
in a puncture was made. The finid withdrawn was turbid and showed
punenmococei in smear and eulture. The postmortem showed the lungs to
be eomgested, but no pnenmonia.  The eerchrum, however, was covered
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with a gelatinons, greenish gray, puralent material several millimeters
thick and very firm; the exndate was loeated on the upper and lateral sur-
faces of the brain.  (Figs. 5 and 9. The smears as well as the enltures
showed gram-positive coeei.

Althongh in this ease not mueh could be done therapen-
tically even il the process had been recognized earlier,
the spinal puneture was of great value. It served to es-
tablish a positive diagnosis in a case in which a meningeal
exudate existed with few if anv of the meningeal symp-
toms that nsually accompany such a condition.

The ecase that follows illustrates even more vividly the
importance of lumbar puneture:

8. W, ten yvears old. Sick for five days. Complained of pain in lumbosacral
recion, and alse in the right hip, radiating to the sole of the foot at the
time: occasionally tlhere was pain in the left shoulder. When fivst seen the
tt-rn'u'r:llul'u:- wag 1022 P, There was tenderness to toueh in the lumbo-
saeral and gluteal regions, slight rigidity of the neck, slight Kernig and
contralateral Brudzinski signs. The diagnosis by several physicians was
neuritis.  On lumbar puncture a very turbid fluid was obtained under great
pressure.  Bacteriologie examination showed meningococei and several hun-
dred cells per eabie millimeter,  All globulin tests were positive. The patient
wig riven several doses of antimeningococens sernm and recovery Followed,

In this ease lnmbar puncture was a life-saving measure.
In the next case meningitis could hardly have been discov-
ered without lumbar puneture as the general symptoms
were o indefinite,

F. R, aged ecight months, Sick one day with fever and constipation.
Had attack of evanosis for a few minutes. Geoneral examination was nega-
tive. Lumbar puncture was one and to the great surprise of the physicians,
the fluid was found very turbid and full of meningocoeei,

These cases are hut few of a great number coming under
my observation that illustrate the extreme importance of
lumbar puncture,

There are very few counterindications to lmmbar punc-
ture. In cases of tumors of the cerebrum and cerebellum,
it 1s true that puneture is not so safe as under ordinary
conditions.  Even then, however, a lumbar puneture may
be done with little trepidation if the pulse and reflexes of
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the patient are watched and if the amount and pressure of
the cerebrospinal fluid are closely observed.

Untoward Effects of Lumbar Puncture

Cases of death from spinal puneture have heen reported.
These, however, usually occeurred in cases of brain tumor,
and death in most instances was attributable to shoek. Of
the many hundreds of punetures that have come under my
observation, I saw only one ease of death during puneture.
Of other dangers attending spinal puneture the following
may be mentioned: Piercing of the aorta, injury to the
nerves, and hreaking of the needle.

As to plereing of the aorta, it must be said that this
I8 a very rare oceurrence, and when it does happen it is
due to poor judgment on the part of the operator as to the
depth to whieh the needle should be introduced.

[njury to the nerves i a eomplieation that ean easily he
averted if the puncture is made at a low level in the lumbar
region, preferably between the third and fourth vertebra.

Breaking of the needle may result from undue force. If
the needle ig broken diveetly beneath the skin, it is best to
incize the skin and remove it If it is broken deeper, how-
ever, which 1= generally the case, it iz best to leave it alone
for a while. 1f no complications oceur in several days, it
is advisable to leave the needle in. If severe pain or sup-
puration oceurs, a radical operation should be done and
the needle removed. There are some less severe complica-
tions that may follow lumbar puncture, The most impor-
tant of these are headache lollowing the puncture, pain of
the lower extremities, and edema of the skin, especially af-
ter repeated punetures,

The cause of headache after lnmbar puneture is a mat-
ter of speculation. It ix generally attributed to the re-
moval of too great an amount of fluid at one sitting. TTead-
ache, however, sometimes follows even after the removal
of a small amount of fluid. MacRobert has recently sug-
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wested that headache following lumbar puncture mayv be
due to the nonelosure of the puneture hole in the arachnoid.
The arachnoid tissue in a ease of this kind, the author
savs, 1s pulled through the dural opening when the needle
1s withdrawn. This results in prolonged epidural leakage
and in the lack of support of the medulla, a condition
which gives rise to severe headache. This explanation
sounds plansible although 1t requires corroboration be-
fore we can accept it.  When headache does oceur after
lnmbar puncture the bhest method of treatment i1g to
put the patient flat on his back for several hours. Oe-
casionally it becomes necessary to resort to drugs for re-
lief of the condition. Sodinm and potassium bromide or
salievlates may then be emploved. Rarvely is it necessary
to use stronger remedies than these.

Pain of the extremities after lnmbar puneture is nsnally
due to injury of one of the filaments of the canda equina,
Rest in bed 15 usnally all that is neecessary to relieve this
condition.

Fdema of the skin in the lnmbar region is an infrequent
complication. 1 have zeen it in but two eases and then after
repeated punctures.  When it does oceur in infants, the
lumbar region should be given a rest and if necessary to
mtroduce sermm, 1t should be mjeeted mto the ventrieles of
the brain instead. When edema of the skin oceurs in
adults, warm cloths should be applied to the edematous re-
cion and serum given mtravenously until the edema sub-
sides, alter which mmtraspinal introduetion of serum may
he resumed.

In general, lnmbar puneture when indicated should not
bhe feared hecause of complications,

Technic of Lumbar Puncture

To do a spinal puneture properly one must take into con-
sideration a number of important factors.

1. The anatomie relations of the cord and its membranes
at the lumbar region.
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The cord, in the adult, ends at the first lumbar vertebra,
and in the ehild, at the second vertehra, seldom at the third.

opper™

=

Fiie. 10.—Szetion of cauda gquina of & dog: A, Membranes imtact: &, Thara and arachinoi
Sul G
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The cord has its ending in the conus medullaris, the apex
of which is eontinuous with the filum terminalis. Through-
out its entire length the cord iz surrounded by three mem-
branes, the dura, the arachnoid and the pia. The accom-
panying drawing (I'ig. 10) shows the membranes surround-
ing the cord and the caunda equina in a dog. The same re-
lations also hold good in man,
2. The structures encountered between the skin and the

cord, which are ag follows from without inward:

(a) Skin.

(b) Subeutaneous faseia.

{c¢) Fat.

(d) Deep laseia.

(e) Multifidus musele,

() Vertebral arches.

() Ligamentum flavam,

(h) Dura,

(1) Arachnoid.

Dorsi-spinal,

Fig. 11.—DPlexus of veins, the puncture of which is responsible for blood obtained during
!-||':|:|..'|'| |||,|;|!-.'rl,:r-", l;f'-1;1§."n. ,-'lul'..'|.1r1'|11gr,|-

3. The plexus of veins on the posterior wall of the body
of the vertebra (Ifig. 11). If these are struck by the
spinal puneture needle the resultant fluid is bloody.

Another matter for consideration in lumbar puncture
is the position of the patient, particularly if the patient
1s a child. While in an adult the physician may do the
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puncture with the patient in either the sitting or reclin-
ing position, in a child he should not attempt the pune-
ture with the patient in any but a reelining posture. In
all eazes of meningitis the patient should bhe in the lyving
posture when the puneture is performed. I always made
it a praectice to puneture with the patient in a recumbent
position. The patient may be placed on either right or
left side, the right being the preferable one for the pa-
tient, who should be arched so as to widen the interverte-
hral space.

The skin should be prepared very carefully for the pune-
ture. Soap and water, aleohol and iodine should he nsed
for eleansing purposes. Rubber gloves should he worn and
all other aseptie precautions must be taken to minimize the
danger of infeetion of the meninges. As a rule neither a
general nor a local anesthetie is called for in deing spinal
puneture, It may be necessary to resort to an anesthetie
in maniacal eases, although I have not encountered a single
case in which I could not get along without it. Sophian
suggests that the patient be given water to drink during
lumbar puneture.  Ie found that this procedure made an
anesthetic unnecessary. As a rule, however, even this is
not necessary.

The Spinal Puncture Needle

Regular spinal puncture needles are now made measur-
ing from 7 to 9 em. in length and 0.6 to 1.2 mm. in thick-
ness with a stvlet to fit the needle (Fig. 12). Some needles
are made with valves for the measurement of the pressure
of the fluid. Most needles on the market are made of steel,
although there are some nickel-plated ones and some made
of platinum iridium. If meningitis iz not suspeeted a nee-
dle with a small lumen will do, but if there 12 the slightest
suspicion of meningitis a needle with a large lumen should
be used. In children it is always best to nse a needle with
a large lumen, so that in ease the fluid is thick it will not
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clog up the needle. The needle should be hoiled and cooled
hefore using. It should also be examined very closely for
rust.

Quincke’s adviee that the needle be introduced directly
in the midline in children and 5 to 10 mm. to the side in

Fig. 12.—Various types of lumbar punciure needles.

adults, holds good to this day. If the needle is inserted in
the third or fourth interspace, eerebrospinal fluid may he
withdrawn without injury to the nerves. A good landmark
for the guidance of the needle may be made by drawing
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a horizontal line through the vertebral eolumm across the
erests of the ilinm. T usually draw this line with tineture
of iodine on a swah., This strikes the interspace between
the third and fourth vertebra.

It is often quite diffieult to feel the intervertebral space
in fat people and in very voung children. Because of this
difficulty extreme care is necessary in cases of this kind.

“How mmuch of the needle should be introduced into the
canal 1’ is one of the first questions that greets the inex-
perienced operator. In consulting literature on the sub-
ject T found very little information about the length of the
needle, the only tabulated data available being by Quinecke,
who, however, cites only a few cases,

Tanie I

MEABUREMENTE BY QUINCKE

AGE BEET
11§ years 2. om.
T id 25 i
it L
.': (¥
0
2.7 (3.5)em.
3.3 L4
. Lol 0 i
II_-'1 i _. it
o5 e 1.5 f
GJ (s
G5 (47"
i i 5 plus  *f
EE [l -. 3 [

I measured the length of the needle in a series of several
hundred cases, adopting the following procedure: When
ready to remove the needle from the spinal eanal after ob-
taining a good flow of fluid, T grasped the needle close to
the patient’s skin between the thumb and index finger,
pulled it out, and measured it from the point held by the
fingers to the tip.
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TasLE 11

MEASUREM ENTS OF NEEDLE 18 CHILDREEN

NAME Al E LENGTH OF XNEEDLE [N OM.

MUl R. R. 4 months an
L. D, LI 2.2
AL G &S an
o W= 1 [ A 2.3
I G [ 2in
E. H. L 2.5
15, . Sl ek a4
L. G. i 2.2
A 18 sk 2.2
= 1 L 18 ot 2.0
A. N Lt 2.8
A, . 14 EF 2.5
s il it 3.5
AL M. Ly 3.0
Th 2 years 27
T oA 21
R kA T maos, 24
", W. Ri 0 4.0
J. M, 3 24
AL H. 3 = a8
M, K. x e 2.4
MeAl. "L, a2
H. " 1L 2.0
PG 4 o
WL 5 T 3.9
’. L ii il a0
AL G (el 4.0
3. AL - L 3.5
=1 i - TR 3.5
8 B, ] gk - R
5. B. L B a.d
2 B. L L 4.0
B I, & Ed 34
I A, 10 1¢f 4.6
L. G. 12 4t g
L. G. 12 3.6

Table 1T gives the measurements of the needle made in
children from four months to twelve vears of age and Table
IIT gives the measurements in adults of various ages. T in-
clude here but a few of the several hundred of measure-
ments made. In eases in which the results were similar T
tabulated but one measurement; in cases of the same age






(i CEREBROSPINAL FLUID

TagLE Fil—Cont *d

MEASUREMENTS 0F NEEDLE 1N ADULTS

NAME AGE LENGTH OF NEEDRDLE IN M,

L. 45 wvears .0
-, B =t h.2
T 53 £4 &l
B, 53 2l 10,00 (very fat)
3. 53 Sl £i,0)
H. o4 i 0.4
. ] kot .
= T L 0.7
1, a7 L% a4
A, 57 Ay a0
M. R (] i 4.1
1, an o % 5.0
. {5 £ .00
B. i L 5.0
=, | b 3.0
W, i) AT 5.0

where the measurements were different several measure
ments are tabulated.  In some cases the results of several
measurements are given for the same patient to show
the length of the needle at different punetures.  As is seen
From the tables the needle requires a length varving from
2.0 to 4.0 em. in children up to twelve, and a length varying
From 4.1 to 10 cm. in people over sixteen years of age. The
ariations in the adult mayv be attributed to zeveral fae-
tors. Physique 1s one; the direction taken by the operator
in inserting the needle is another, an obligue insertion nat-
urally requiring a greater length of needle than a =traight
insertion.  The location of the interspace is another fae-
tor, the higher the point of insertion, the greater heing the
length of the needle required. Some clinicians use as the
place of introduetion the space between the second and
third Iumbar vertebrie, others the space between the
first and second. It is also interesting to note that the
length of needle inserted varies at different punetures in
the same patient. This is due to the fact that the canal is
quite wide and that fluid may be removed whether the nee-
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dle is near the anterior or near the posterior surface of the
canal.

When the needle passes the dura, a snap is felt. The
stvlet should then be removed and the fluid allowed to
run into the pressure apparatus or into tubes.

Reasons for Failure to Obtain Fluid

There are times when no fluid can be obtained in spite of
all efforts.  Among the factors responsible for the failure
to obtain fluid, the most important are the following:

1. The needle may not have been inserted far enough into
the eanal.

2, The needle may have been introdueed too far into the
canal. In such eases the material exuding from the inter-
vertebral dise may clog up the needle.

3. The presence of blood in the fluid.

The presence of blood i by far the most common canse
of failure in lumbar puncture. It mav be due to hemor-
rhage of the brain or to piercing =ome vein of the plexus
in the spinal ecanal. If the presence of blood in the fluid is
due to the striking of the plexus of veins, the exuding fluid
has the color of 'resh, venous blood. 1If it 18 due to a hemor-
rhage, the blood in the fluid is a dark red, and if the hemor-
rhage is one of long standing, clotted particles of blood
may be =een clinging to the needle or coming out of the
lumen.

If no fluid is obtained the stvlet should be reintroduced
into the needle to elear it of any partieles that may be
clogeing the lumen, and it should then be withdrawn again.
If there is «till no sign of (luid the needle should he moved
a little deeper or withdrawn slightly. If flnid is still not
forthcoming, the needle should he removed and reintro-
dueed one space higher. 1If after this procedure there is
=till no fluid an ethylehloride sprayv applied to the thigh
may accelerate the flow. If after repeated trials no fluid
eseapes, one may asceriain whether the spinal eanal has
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been reached by the following method: The first needle
is left in its original position, and a second needle i intro-
dueed one space higher., A s=olution of sterile =alt is in-
jected into the higher needle. 1f the first needle is in the
canal, the salt solution will flow out of it. When this hap-
pens it indieates that in all probability no fluid ean be ob-
tained. As a rule one should be eareful about pronoune-
ing a puncture dry. A failure to obtain fluid may nearly
alwavs be attributed to some fault in the technie.

[f the case shows =vmptoms of meningiti= i spite of the
fact that no fluid can be obtained by the spinal route, it
may conecern a basilar meningitis in whieh it often happens
that the eonnection between the brain and cord becomes
clogged. In such a eaze ventricular puncture should be
done.  The technie of ventrieular puneture will he de-
seribed later,

Pressure

The measurement of the pressure of the eerebrospinal
fluid is very significant from the standpoint of diagnosis
as it furnizhes an almost immediate elew as to the existence
of a pathologie condition. It should, therefore, be used in
connection with lumbar puncture whenever possible,

Various forms of apparatus have been deseribed for the
determination of the cerebrospinal fluid pressure. Quincke
usedl an ordinary glass tube with a one-millimeter bore
bent at the top, and an ordinary tape to measure the pres-
sure: an arrangement like the one used by Quincke may be
made at anv laboratory by taking heavy glass tubing of
one-millimeter bore, bending it at right angles helow, and
connecting it with hard rubber of one-millimeter hore to
a tip fitting into an ordinary spinal puneture needle. The
point to which the fluid reaches can be marked off and the
height can then be measured on a slide or with a tape meas-
ure (Mg, 13). 1 used this arrangement for seme time,
but although it is of value, it is not aceurate enonugh. The
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disadvantage of the Quineke apparatus lies in the fact
that it takes too much time to attach the glass tubing to the
needle. Tt frequently happens that the pressure of the

Fig. 13.—Madified Chuincke apparatus for measuring the cerchrospinal fluid pressare,

fluid is 20 great that as coon as the stylet is removed from
the needle, the fluid bursts out, and several cubie centime-
ters of fluid are lost before the tip of the pressure ap-
paratus ean be connected to the needle, In this way the

LY
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real pressure value can not he aseertained, as it is known
that once a few eubie centimeters of fluid are removed, the
original cerebrospinal pressure is not maintained.

Several other tvpes of apparatus have been deseribed.
One is by Kroenig, utilized principally for the purpose of
withdrawing fluid from suspeeted eases of brain tumor.
The ealiber of the measuring tube is 20 small, that it only
tukes a few drops to fill if, and when the column of {luid
shows no oseillation, no more fluid should be withdrawn.

Some authors have used a mercury manometer. In nor-
mal cases; however, I have found the pressure to be too
small to be measured in millimeters of mercury, as each
millimeter of mercury corrvesponds to 13 mm. of water.
Thus, for instance, when the pressure of the fluid is 65 mm.
of water, the mercury manometer registers only four and
one-half or five, making too great an error in the reading.
As for the objections raised againzst the ordinary one mm.
hore that it 12 too small and that it exerts capillary trac-
tion, it must be said that after all since the value of pres-
sure reading lhes in the eomparison between the normal
and pathologie capillary traction is not a great factor.

In my experiments on pressure 1 have been using an ap-
paratus which allows no loss of fluid and which has the
added advantage of being simple.

The apparatus (Fig. 14) consists of a specially devised
needle and a glass manometer,

The needle iz the ordinary, medinm-sized, spinal punc-
ture needle with a short piece of glass mounting. The
glass tubing enables one to see whether the spinal canal
has been reached with the first puneture. In the ordinary
spinal puneture needle, one must withdraw the stylet en-
tirely before one can see whether or not the spinal canal
has been reached, thus running the risk of losing some fluid
hefore the pressure can be measured. With the glazs tub-
ing on, one need only withdraw the stylet bevond the glass
tubing, and if the spinal canal has bheen reached, the fluid
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withdrawn will be seen immediately through the glass.
On the other hand, if no fluid makes its appearance, the
stvlet can be inserted again and another attempt made,

Fig: l4-—Aumhor's Apinal puncture needle and manemeter; A, glass toling in the
needle; #, stopeock; €, upper projeciion of the needle into which the manometer is in-
troduced; D), plass munometer.

i " " - g

The fear of breaking the glass on hoiling the needle
and sterilizing it is not a very strong objection. I have
boiled needles, repeatedly, without ever hreaking the glass.
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The glass tubing may be slipped into the needle instead of
being mounted, making possible the use of any form of
spinal puncture needle. At the distal end of the glass tub-
ing the needle has a three-way stopeock, the distal end of
which is about three-fourths of an ineh long., This length
ig required in order to allow space from the stopeock to
the end of the needle so ag not to loge any of the luid as is
the case when the valve of the stopeock is near the end of
the needle. The stylet of the needle is long enough to
reach from the distal to the proximal end of the needle.

The manometer consists of a long glass tube of one mm.
bore which ig inserted into the projecting end of the nee-
dle. The glass tubing is 800 mm. long as this was the
highest pressure attained in any case, and for convenienee
sake, it is divided into two portions with a metal cap at
the top of the first portion so that the other one can he
serewed on. This makes it convenient to carry the manom-
eter in any small instrument case. Thick glass tubing is
used for it so that it does not break easily in handling. A
metal tape 1s attached to the glass to measure the pressure.
This, however, ean be done away with and a ruler used in-
stead, or have the glazs tubing graduated.

The needle (with the piece of glass tubing at the end, the
stopeock and its prolongation with the styvlet inside) is in-
troduced into the spinal canal. After a snap has been felt,
0 that one is reasonably certain the subdural canal is
reached, the stylet should be removed to a point bevond the
rlass attachment. It fluid is seen in the glass tubing, the
stopeock is turned at right angles so that the handle points
upwards. The long glass tube is then attached and the
stopeock turned so that the handle points opposite the
manometer. The fluid will then rush into the tube. When
the fluid has mounted to the highest point, the pres-
sure is read off in millimeters of water. If no fluid is seen
coming out when the stvlet is removed bhevond the glass
tubing, the stylet should be reintrodueced until the operator
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feels it is in the canal. It should them be removed bevond
the glass and the measurement taken. The handle is now
turned parallel to the needle and the fluid is collected in
test tubes. The whole needle, including the glass attach-
ment, stopeock, and prolongation is not any heavier than
an ordinary medium-sized spinal puncture needle.

It no pressure apparatus is available, eounting the drops
and noting the foree with which the fluid eomes out from
the needle will give a elew to the pressure, anything above
ten drops per minute indieating an abnormal condition.
I should like to remind the reader once more that the pres-
sure must be taken at the very beginning, as after several
cubice eentimeters of fluid have been removed, the pressure
lets up and determination then becomes practically value-

loss,
Collection of the Fluid

Some perzons colleet cerebrospinal fluid in graduated
medicine glasses, =0 as to he able to measure the exact
amount. This method of eollection, however, is not advis-
able as it is hard to keep the fluid sterile in a wide glass,
and it 15 also hard to observe the charaeteristie pelliele, I
theretfore, advise the colleetion of cerebrospinal fluid in
test tubes,

The test tubes in which the fluid is to be collected should
he sterile and ehemieally elean. 1t is best to usze tubes of
uniform size, The glass of the tube should not he too
thick and its opening should be stoppered with a cotton
plug, unless special tests requiring a slow escape of CO,
are to be made. For the sake of uniformity and hecause
of the difference in the eell content of various portions of
the cerebrospinal fluid, the following method has been
found useful in eases where a quantity greater than 5 c.e.
of fluid is withdrawn:

Several dropz of the fluid are allowed to run out of the
needle to make sure that the fluid is free from blood. The
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entire amount is then collected into three tubes of uniform
size. In the first test tube is run the first 2 c.e. of luid.
This amount 18 used for several different examinations:
(1) eytologic examination; (2) direct smear for micro-
organisms if the fluid is turbid; (3) cultures; (4) 1 c.e. for
the permanganate fest. The contents of the first tube
should be examined immediately, If it is not examined
immediately, the test tube with its contents should bhe
placed in the ineubator.

In the second test tube, 3 to 5 c.e. of fluid iz collected.
It the pressure iz not inereased the contents of this test
tube should bhe used for the globulin tests, Wassermann
and Lange. 1t the pressure is inereased the test tube should
be put into a tube rack for the formation of a pellicle. Care
should be taken that the mixture is not disturbed.

It there is a large amount of fluid present a third and
fourth tube should be taken. Into the third tube should
be run from 5 to 8 c.e. of fluid. This fluid should be used
for (1) the second portion of the permanganate test; (2)
the Ross-Jones, Noguchi and Nonne, and the sulphosali-
evlie-merenrie ehloride tests: (3) Lange test; (4) Wasser-
mann test; (5) sugar content; (6) eentrifugation, for the
examination of organisms.

Into the fourth tube should be run all the rest of the
fluid desired for collection,

In normal cazes where the pressure iz not inereased only
a9 to 10 e.e. of fluid should bhe withdrawn. In all cases of
inereased pressure a greater quantity of fluid should be
removed. In delirium tremens, 10 e.c. usually sufhices to
quiet the patient. In meningitis, 15 to 40 c.c. may be with-
drawn on account of the greatly inereased amount of fluid
in the canal. Even in the severe cases of meningitis, how-
ever, 1t 15 not advizable to remove more than 40 e¢.e. at one
sitting on aceount of the danger of indueing shoek. The
quality of the pulse is a good guide as to the amount of
flnid to remove.
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After the needle is withdrawn collodion should be put
on the wound and the skin should he washed off if iodine
has been applied before the puneture. The patient should
bhe put to bed immediately after the puneture to prevent
headache or dizziness,

CRANIAL PUNCTURE

When no cerebrospinal fluid can be drawn by way of
lombar puneture and it i found urgent to obtain some for
diagnostie or therapeutic purposes as is the case when
meningitis is suspected or present, cerehrospinal fluid may
still be obtained by eranial routes, either from the sub-
arachnoid of the hrain or from the ventricles. The amount
of fluid obtainable from the subarachnoid space at best is
small and the procedure is diffiecult. If is therefore always
advisable to remove the fluid from the ventricles. The
technic emploved for a ventricular puncture in infants
when the anterior fontanelle 1s not vet closed, is ag follows:

The patient iz placed on the back with the head eclosge to
the edge of the table. The head around the region of the
anterior fontanelle 15 shaved, and washed with aleohol
and ether. Todine is applied to the surface. The needle
to be used should he sterilized and all other necessary
aseptic precautions should be taken. A short spinal pune-
ture needle or-an ordinary Luer needle should be used, The
gtylet should bhe left in the needle the same as in lumbar
puneture, for if the stylet is removed brain tissue may clog
the needle and prevent the flow of fluid. The needle should
he introduced from 14 to 125 inehes deep and the stylet re-
moved,  The needle shoulid he inserted into the anterior an-
zle of the anterior fontanelle, in a somewhat oblique direc-
tion, a little to one side of the median line (Figs, 15 and 16)
as piereing ol the longitudinal sinus will give blood in the
uid.  After the desired amount of fluid 1= obtained, the
needle 13 removed and collodion applied to the punetured
surface.
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In adults, cranial puncture is most cenerally made for
therapeutic purposes, especially for the relief of intra.
eranial pressure, It necessitates the use of a hore or a tre-
phine to get through the skull. The method used is that of
Kocher, consisting of a trephine opening 2.5 em. from the

Fig: 15.—Photograph showing ventricalar puncture in infant,  Dark circular spot shows
needle in position,  (Front view.)

median line and 3 em. in 'ront of the coronal or frontopa-

rietal suture.  The needle is then passed inward and slightly

backward for a distance of 4 or 5 em. when the lateral ven-

tricle is reached. The operation, in general, is a rather

complicated one and ealls for precision and eareful



LUMBAR PUNCTURE To

surgical teehnie. It should therefore be used only when
absolutely necessary. The rule should he to do a lumbar
puncture whenever possible, but when fluid ean neither be
obtained nor introduced by way of lumbar puneture, then
ventricular puneture should be made, especially in the case
ol infants.

Fig. 16.—FPhowegraph showing ventricular punctore o infant,.  (oule view.)
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CHAPTER IV
PROPERTIES O NORMAL CEREBROSPINAL FLUID

The term “*normal® as applied in the literature to cere-
brospinal fluid is often misleading. The mere faet that
cerebrospinal fluid has been removed from a living person
is indicative of the presence of some abnormality of the
nervous svstem that prompted the puneture. Often the hae-
teriologie and qualitative chemieal tests on a given specimen
ol fluid are negative, vet quantitative chemical analvsis
will show an alteration in the chemieal or physical c¢hem-
i=try of the fluid. Furthermore, fluid removed postmortem
can hardly be considered normal, for it has usually under-
cone marked echemieal and physicochemieal changes be-
fore examination. For instanee, fluid removed postmortem
has been shown by Myers to contain three and one-half
times as much potassinm oxide as fluid removed during life.
I also found a marked difference hetween fluid removed
durimg life and after death. In the former ease the fluid
was slightly alkaline and in the latter, distinetly acid.
““Normal™ as applied to cerebrospinal fluid should, there-
fore, be considered merely as a relative term; the term
“nonmeningitic’ perhaps would be still more acenrate to
designate the condition of the fluid where there may be
some pathologie condition of the nervous svstem, such as
brain tumor, hvdrocephalus or the like, but no involvement
of the meninges,

In the discussion following in this chapter T shall state
g0 far as possible whether the eerebrospinal fluid under
diseussion was withdrawn during life or postmortem, and
whether it was obtained hy lumbar or by ventricular pune-
ture. 1 =hall also endeavor to imdieate the diagnosis of
the respeetive eases so that the reader may he able to form
an opinion regarding the type of the fluid in question,

75
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PHYSICAL PROPERTIES

Amount

The amount of fluid normally present in the ventricles
and in the subarachnoid space has heen variously stated.
Contugno found hetween 125 and 156 e.c. in both; Magendie
found between 62 and 372 e.e.; Luschka found only 25 e.c.
According to Magendie, the normal amount of cerebro-
spinal fluid in a medinm-sized man is 62 e.e.  OF this amount,
Magendie says, the ventricles contain from 20 to 30 c.c.,
and the subarachnoid space of the cord the greatest part
of the remainder. It may be interesting to note that al-
though there is from 60 to 150 c.e. of cerebrospinal fluid
present in the subarachnoid space and the ventrieles, it is
generally inadvisable and often impossible o remove more
than 10 e.e. of fluid from a patient at one sitting.

Color

Normal ecerebrospinal fluid is clear and eolorless, pro-
vided no blood has been removed with it during the pune-
ture. The fluid does not change eolor upon standing if
it is corked with a cotton plug, unless, of course, it has be-
come contaminated by baecteria or moulds, in which case
the fluid becomes turbid.

Lack of Sediment

Normal cerebrospinal (luid shows no pellicle or sediment
of any kind. This is because of the fact that the cell con-
tent, as well as the protein content, is very small, and fibrin
is either entirely absent or present only in very small
traces. The lack of sediment is helpful in differentiating
normal or nonmeningitie fluid from fluid in eases of menin-
eitis, especially tuberculous, in which the diagnosis is dif-
ficult heeause of the elearness of the fluid,
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Pressure

Observations on the pressure of normal cerebrospinal
(luid have given various results in the hands of different
workers, Magendie found that the pressure of the cere-
brospinal fluid is pesitive. Falkenheim and Naunyn elaim
that it is necessary for the maintenance of the blood eireula-
tion of the brain that the cerebrospinal fluid remain at a
certain pressure and they estimate the pressure under nor-
mal conditions to vary between 50 and 200 mm. of water
(4 to 16 mm. Hg) for a child one month to one year of age
with a correspondingly higher pressure for an adult.
Quineke gives 40 to 60 mm, of water as the normal pres-
sure for children, and 150 for adults; Adamkiewiez gives
SO to 100 mm. of water, and Sicard gives 200 as the normal
pressure. Many factors are responsible for these diserep-
ancieg, the most important of them being the tvpe of the
pressure apparatus, the insertion of the needle, the age of
the patient, the position of the patient during the puncture,
the position of the head, the respiratory movements, and
such external factors as coughing, sneezing and erying.

(a) Different pressure apparatus give different pressure
values. In some forms of apparatus fluid ig lost and there-
fore too small values are obtained. (Cf. Chapter IIL.)
The position of the needle is also responsible for variation
in pressure. A deeper insertion of the needle into the canal
gives a higher pressure than a slight insertion, and vice
versa,

(b) Age also plavs a part in the pressure of the fluid.
Quincke found pressure in children to be less than that in
adults, He gives 40 to 60 mm. water as the pressure in
children, and 150 mm. water as the pressure in adults, 1
alzo found the pressure to be lower in children than in
adults.  Aly figures showed a pressure variation of from 45
to 90 mm. water in children in a quiet reeumbent posture
and 130 to 150 mm. water in adults.
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(¢) The position of the patient during puncture has a
marked influence on the pressure, the pressure in the sit-
ting position being mueh higher than in the reeumbent po-
sition.  Kroenig found the pressure in the lving posture
to be 120 mm. of water and in the sitting posture 410 mm.
ol water. I Cotton and M. (. Salz found the normal pres-
sure in the recumbent position to bhe 200 to 230 mm. of water
and in the sitting position to be 400 to 420 mm. water. |
Found the normal pressure in the recumbent position in
children under ten to vary between 45 and 90 mm. of water
and in the sitting position to vary between 150 and 230 mm,
of water. In adults, in recumbent position the pressure
varied between 150 and 150 and in the sitting position be-
tween 200 and 250,

(d) Flexion of the head on the chest lessens the pressure
and extension of the head raises the pressure, the difference
bhetween the two varving from 150 to 230 mm. of water.

(e) Magendie commented on the effeet of the respiratory
movements on the pressure of the fluid. He obzerved that
the cerebrospinal fluid showed movements corresponding
to the respiration, the pressure falling during inspiration
and rising during expiration. This observation has been
confirmed by many workers. I have observed it frequently.
The variation between inspirvation and expiration, how-
ever, i2 small, the difference averaging from 10 to 15 mm.
of water.

(f) The relation between the pressure of the cerebro-
spinal fluid and the pulse heat was pointed out by Falken-
heim and Naunyn. This is noticeable, however, only when
the pressure is high, above 300 mm. of water.

(¢) Counghing, eryving, sneezing or any other strain may
inerease the pressure from 50 to 100 mm. of water.

Summarizing, it may be =aid that the normal pressure
of the cerchrospinal fluid is influenced by many factors.
As a general rule, however, the pressure varies from 45 to
90 mm. in children, and from 130 to 150 mm. in adults.
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TanLe 1V

CEREBROSPFINAL FLUm PRESSURE I8 NonMmaL TEDIVIDUALS EXPRESSED IN
MiLLiMETERS 0F WATER

AUTHOR ADULT AL

LN 150 SITTING  LYITMG SITT1ING
uineke 150 A03-G1
Adamkicwics S0 100
Kroenig 125-1500 410
Cotton and Sals 200-300  400-420
Boveri 170-200
lLevinzon 130-150 200-250 4500 150-230

These figures are for the recmmbent position. They are
very much higher for the sitting position. The withdrawal
ol several eubie eentimeters of cerebrospinal fluid lessens
the pressure temporarily, but in a very short time it re-
turns to normal. So it frequently happens that when two
punctures are made in one day, the pressure is found to
he the same in both eases,

Specific Gravity

The specifie gravity of normal cerebrospinal fluid varies
between 1,001 and 1.008, Tloppe found the gravity in a
case of spina hifida to be 1.001 and in one case of hvdro-
cephalug to be 1.005. Halliburton found the gravity of
normal fluid to he 1.007 {o 1.008, and Kafka found it to
vary between 1.002 and 1.008. Zdarek gives the specifie
eravity of normal cerebrospinal fluid as 1.0078, Polinvi as
1.012 (15 degrees); 1.007 and 1.005. Mestrezat found it
to be 1.0076, and Nawratski found it to be 1.0073 to 1.008.
In a series of nonmeningitic cerebrospinal fluids examined
by the pyknometer I found the specific gravity to vary he-
tween 10064 and 1.0070,

CHEMICAL COMPORSITION

In spite of the large amount of work on the ehemical com-
position of the eerebrospinal [luid, there are many funda-
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mental questions pertaining to the chemistry of this fluid
that have not vet been answered.  The reason that our in-
Formation regarding the chennstry of cerebrospinal fluid
is not as definite and as acenrate as it might be, 18 that
the amount ol fluid one is obliged to work with under nor-
mal conditions i usually =0 gmall (5 to 10 e.e.) that it hardly
permits any quantitative separations.

It is but recently that microchemical methods have heen
devised for body fluids, and even now, with improved meth-
ods, it is hard

vy possible to make an entire guantitative
analy=is on one normal specimen of cerebrospinal fluid.
This scareity ol Huid necessitates working on one chemieal
substance at the time or the use of a mixture of fuids for
the determination of the various chemical constituents, a
procedure adopted by Mestrezat. One ean readily see that
data gathered in this wav can not be very accurate, espe-
cially since the chemieal eharacter of the fluid is affected
by such factors as the condition of the patient, and the age
of the fluid. It is surprising to note, however, that with all
of the drawbacks some of the ¢hemical determinations of
the very early investigators still hold good, particularly
the determinations of the organie matter, and of the amount
of the total solids and chlorides.

I shall present here data obtained from the literature,
following the experiments o far as possible in ehronologie
order to show the evolution of chemical methods as ap-
plied to cerebrospinal fluid. T shall give a complete table
at the end of the dizeussion showing the results of the worlk
by various authors on the chemistry of the cerebrospinal
fluid.

One of the earliest determinations of the chemieal com-
position of cerebrospinal fluid was that of Lassaigne who
examined the cerehrospinal fluid of a horse after death.
The flmd was obtained for the chemist by Magendie. The
analysis gave the following composition per 100 parts:
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R e e 08,150
BT | L) 1) ] e Y SIS {1
L |1 0,033
Sodinm Chloride ...... ey S W 0610

Hodium biearbonate ... ... et A e e 0, 0G0
Phosphate and traces of ealeium
cavhOmabe e e (.00
Lassaigne could not find any soluble phosphates in the
licquor.
The same author examined the cerebrospinal fluid of an
old woman and found the following per 100 parts:

BT L] e e e e e e ST 08,5064
S T et R e e e e S e T 0474
i (W 0 | 1F | e e A e R e sl i e . 0055

Hodium and potassium chloride. ... 0.801
Animal matter and free ealeinm

phosphate v orvnses s 050G
Sodium carbonate and ealeinom phos-
PHATE & innn e PR R e A

Among the early workers in this field was Hoppe. He
made a chemical analysiz in two cases of spina bifida and
three cazes of internal hydroeephalus. In one ease of spina
hifida, he removed 22 to 35 e.e. of cerehrospinal fluid at a
sitting.  (The author unfortunately does not give the
method he employved in the removal of the fluid.) He found
the fluid very alkaline. (Here again the author does not
say what indicator he used, or how long after removal of
the fluid from the body, he examined it). On heating, the
fluid beeame sliehtly turbid, but on addition of acetie acid,
floceuli appeared.  The flnid reduced copper oxide and
gave the following quantitative vesults in grams per 1000

FIRST SECOND THIKD
PFUNOTITRE PUNCTITRE PUNCTIUURE

Albumin 1.62 26 246
Wiater extractive (.70 (L35 0.42
Aleohol extractive | G.57 o549 2 a9

and anluble salt [ j T.02 .21
Tusoluble salt 025 0.15 0.28
ﬂ-':'.']u;;
Dry subsztance 12.51 13.12 13.28

Water GE7. 40 T 085,72
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From the second case of spina bifida the author obtained
00 c.e. of eerebrospinal fluid, in the first puncture, and
435 e.e. in the second puneture. The reaction of the fluid in
this ease was al<o stated to be alkaline. On boiling, very
little i" any turbidity oceurred.  On the addition of acetic
acid sheht floceuleney  oceurred.  Quantitative analysis
showed the following in grams per 10060

FIRST PUNCTURI SECONT: PUNCTURE

Albumin 0.23 0.55
Extractives 2.30 2 0
1 Soluble salts T.067 720
Insolubile salts 045 0.45
Dry Substanee 16T 110,200

One case of hydroeephalus in a five-month-old girl gave
Hoppe the following in grams per 1000: albumin (.70, ex-
tractives, 1.57, soluble salts 7.67, insoluble salts 0.53, giv-
ing dry substance 1047,

Another case of hydroeephalus gave Hoppe the follow-
img i grams per 1000: albumin 11.79, aleohol extractives
0.84. water extract 048, soluble =alts 7.54., m=oluble =alts
(.35, and dry matter 2099, It 15 evident, however, from
the author’s deseription of the fluid of the last ease which
he says was of a greenish yellow eolor and showed a large
sediment, absence of sugar and numerous cells, that the
case was one of meningitis.

Halliburton also was one of the first to study the e¢hem-
ical composition of cerebrospinal fluid. He found no coag-
ulation of the fluid at 56” C. and no fibrin on the addition
of serum or fibrin ferment. He found further that praeti-
cally all the protein present in the cerebrospinal fluid was
precipitated by saturation with magnesinm sulphate. The
analvsis ol cerebrospinal fluid in a number of cases gave
Halliburton the following results in parts per 1000:
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cASE: 1, CABE 2. cAsE 3.
FEMALE—AGE 19 CLD—AGE 11 oL D—AGE 13
DAY S WEEKS
FIRST TAPPING FOURTH TAPPING
Water O80.75 89 877 001.658
Solids 10.25 10.123 5442
Proteins (842 R (i, 164
Extractives | 0.G31 2028
il 0,620
Salts | 7.800 5.115

It is interesting to note in this conneetion the part taken
by Halliburton in the diseussion coneerning the nature of
the reducing substanee in the cerebrospinal fluid. Asg early
as 1852, Deschambs and Bussy deseribed the presence of a
copper-reducing substance in cerebrospinal fluid, a finding
corroborated by numerouns other workers. IHowever, the
character of this substance has heen made the subject ol a
ereat deal of diseussion. Quincke, Comba, I'riedenthal, Pan-
zer and others considered it to be a dextrose. Halliburton
however, supported by Mathien, Ganthies and others ex-
pressed the view that the reducing substance was pyro-
catechin. Langstein thought that a portion of the reducing
substance was galactose and Dubos believed that it was a
xanthine body. Recent investigations have settled this con-
troversy, the phenvlhyvdrazin, the fermentation test, and the
polarigscope definitely proving its idenfity as a dextrose.
Even Halliburton now admits that this redueing substance
18 a dextrose.

The early investigations on the chemistry of cerebro-
spinal fluid were made on cases of hydrocephalug or spina
bifida. Of recent vears zome work has been done on the
chemistry of cerebrospinal fluid of comparatively normal
persons,  The work of Mestrezat, of Leopold and Bern-
harvd deserves gpeeial attention in this conneetion. There
are many additional facts on the ehemieal constituents of
the cerebrospinal fluid scattered throughout the literature,
some ol which are mneluded in the table at the end of the
chapter.
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Mestrezat, in a series of analyses, found the following
chemieal composition of cerebhrospinal fluid, expressed in
grams per 1000 parts: fixed matter 10.65 to 11.00, with an
average of 10.93; organic matter 1.75 to 2.65 with an aver-
age of 2.13; mineral matter 8.50 to 9.00, with an average
of 8.80; protein 0.13 to 0.30 with an average of (.18. Tle
found no fibrinogen, no albumose or peptones, or nucleo-
protein and muein.  He also noted the absence of cholin,
and cholesterol (or only a very small trace of choles-
terol).  Amino acids were present on the average i the
amount of 0.010, urea on the average of 0,06, varving be-
tween the extremes of 0.03 and 0.10. The presence of am-
monia was questionable, total nitrogen was found on the
average of 0.197, with the extremes of 0.196 to 0.198; sugar
(reducing matter and glueose) on the average of .53, with
the extremes 0.48 to 0.38. Total organie acids were pres-
ent on an average ol 0.30, There was, however, no acetone
found ; chlorides on the average of 7.32, with the extremes
of 7.25 to 7.40; total phosphorus on the average of 0,030
in terms of P.O, with the extremes of 0.029 to 0.031; in-
organic phosphorus on the average of 0.012 in terms of
P.O.; organie phosphorus on the average of 0.018 in terms
of P.0O;; total sulphur on the average of 0.056 with the ex-
tremes of 0,028 to 0.071; inorganie sulphur on the average
of 0,010 in terms of SO, ; organie sulphur on the average of
0.046 1 terms of S0, mitrates on the average of (LO0Y;
no nitrites; =odinm +.346 az Na.O; potassium 0.251 as K.0;
ratio of K.0/Na.0 1/17.3; caleiwm 0.095 as CaO ; magnesium
(.05 as Mg(O),

Leopold and Bernhard determined the nonprotein nitro-
gen of normal cerebrospinal fluid. They found that the
nonprotein nitrogen varied hetween 17 and 26 mg. per 100
e.e. ol cerebrospinal fluid the average amount being 21 mg,
The urea varied between 7 and 13.5 mg. per 100 c.e. of flnid,
the average amount being 9.9 mg. The ereatinine varied
between 0.7 and 1.5 mg. per 100 c.e. of fluid, the average
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amount being 0.9 mg. The sugar content varied between
0.07 and 0.1 per eent, the average content being 0.07 per
cent.,

My own work on the chemistry ol cerebrospinal fluid is
concerned mostly with the constituents that have or were
expected to have a direct bearing on the differential diag-
nosis and pathogenesiz of various diseases, ineluding the
protein content, the organie index, the sugar content, lactic
acid, and urea, among the organie constituents, and the
chlorides, the phosphates and (). among the inorganie
constituents.  The organie index was determined by the
permanganate method of Meyerhofer, taking the amount
of permanganate required to oxidize the organie sub-
stance in the eerebrospinal fluid as an index (the method
will be deseribed in detail im Chapter VI). The protein
was determined by precipitating the cerebrospinal fuid
with equal amounts of 5 per cent trichloracetie aeid, with
a pinch of kaolin, filtering off the inorganic constituents
and determining the nitrogen in the sediment by the IKjel-
dahl method and multiplying by the factor N =6.25. The
sugar was determined by the Kowarsky method and also by
the Lewis and Benediet method. Oeceasionally, the Epstein
microchemieal method was used. Urea was determined by
the Folin method, acetone was determined gualitatively hy
the sodium nitroprusside method. Laectie acid by Uf-
felmans reagent, noting the drops of cerebrospinal fluid re-
quired to change the reagent to a canary vellow. The
chlorides were determined by the Seelman method, the
phosphates by the uranium acetate method and the CO, by
the Van Slvke method for the determination of alkali
reserve and then ealeulating out the CO, from the results
obtained, or the alkali reserve was obtained by methyl red
titration. 1 should like to emphasize here that the fluid has
heen nonmeningitie, but nevertheless not alwayvs absolutely
normal. Tables V, VI, and VII show some of the average
findings in nonmeningitie fluids.
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TABLE ¥

THE PERMANGANATE INDEX IN NONMENINGITIC FLUID

X0, DIAGNOSIS PERMANGANATE INDEX
FILST TUHE SUBSEQUENT TUBES

1 Ty phoiidl 1.8 1.6 1.7

2 Pneumonia 1.3 1.3

4 Pnenmonia 1.4 1.2 1.0

4 Tetany 1.3 1.2

o Epilepsy 1.5 1.1

i Lirippe L3 1.4

TABLE VI

Hugar COSTENT IN NONMENINGITIC AND NONLUETIO (CASES

N0, DIAGNOSIS fgii'}:wr g:l{::
1 Alimentary 0,116 Chemieal and

Intoxication hacteriologi

tesis negative

2 Pneumonia with 0.108 All tests

meningism negative
3 Insanity .108 Negative
+ Uremia 0,067 Negative
3 Insanity 0.058 Negative
6 Insanity 0048 Negative
7 Otitis Media 0,052 Negative
8 Erysipelas 0,144 Negative
Y Renal Tnsufficiency 0048 Negative
10 Pneumonia and

meningism 0.0:52 Negative
11 Pnenmonia 0,088 Negative
12 Brain tumor

also right

ovarian eyst 0.116 Negative
13 Cerebral spastie

paralysis 0,06 Negative
14 Hy droesplialus 0.104 Negative
15 Insanity 0.118 Negative
16 Hematogenous Jaundiee 0.12 Negative
1T Epilepsy—had menin-

gitis ome year previously 0,068 Negative
18 Encephalitis, 0.048 Negative
19 Cerebellar tumor, re-

peated eonvulsions 1.072 Negative
20 Brain tumor 01,068 Negative
21 Multiple sclerosis 0.148 Negative
23 Localized encephalitis

recovered. 0.140 Negative

(Cont’'d p, B7)
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Tapre VI—Contd

Srgar CONTENT 1IN NONMENINGITIO AND NoNLUkTIo CASES

93 Acidosis (1) 0104 Negative
24 Normal (IREELH Negutive
25 Normal (.00 Negative
L) Normal (110G Nogative
27 Normal (.04 Negative
25 Normal 0,088

Blood sugar—>0.088 Negative
29 Normal 0,108 Megative
L Normal 0,014 Negative
4l Normal 0.07 Negative

TasLe VII

Curogines 1y Nossexixarre FLum

— =S =
—

CHLORIDES
N, DIAGNOSIS ;
Pl Bl (I aMs, rER 100 6.00)
1 Psyehosis 0.74
4 Aleoholic psyehosis 0.72
3 Aleoholie psyehosis 0.6
1 Meningism 0.72
o Puewmonin (.16
5] Psvehosis 065
T 'syvehosis (.70
5 Tertinry lues .75
& Chorea .70
TanLe YVIIT
Unia I Nowsmespsarre Prom
£ N0, DIAGHOSIS UREA IN GM, PER 100 0.0,

1 Psychosis = 0,052

2 Meningizm 0D.000

3 Psyehosis 0,02

4 Pavehosis O, (i

5 Meningism 0.070

i 1 Payelosis 0.043

The amount of CO. in the cerehrospinal fluid varied in
my cases with the time the fluid has been standing after re-
moval from the bodyv. The longer it stands before exami-
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nation the less COL it containg,  In fluid examined mmedi-
ately after withdrawal from the hody, the CO. varies be-
tween 0.110 gm. and (0L124 gm. per 100 c.e.  In fluid exam-
ined five to =ix hours alter it has been removed from the
body, the CO. varies between 0,098 gm, and 0.106 gm. per
100 ¢.e. Table IX shows some of the amount of CO, ob-
tained in volumes per cent,

TiagLE IX

Toran CARRONATE OF WosNMENDxGITH CErREBROSPINAL FLum axp ITs
Rerariow o THE H-Tox (oNOENTRATION

S— ——

TOTAL CAKBOMATE IN

Nk DAL N LS I"'H
VOLUME PEH CENT

1 Dementin Precox e DR.TH
o Payvehosis i | D9.72
2] s i 2152
3 Cerebrospinal Lues (] AL
fok b 7.0 2453
1 Paycliosiz T4 G704
£4 £ H.1 DT
5] Tabes T [
i L 21 54.08
(5 Cliores T7.5-7.6 (HA
s X s.1 52,48
T T':I]:':'plluliﬁﬁ e 2l:3

Lactic acid was present in traces. It took, as a rule, 15
to 20 drops of eerebrospinal (luid to change the color of 5
¢.c. of Uffelman’s reagent to canary vellow. Acetone was
negative in all nonmeningitie fluid, =0 was al=o ammonia.

Crystallization

I evaporated a number of specimens ol ecerebrospinal
fluid, after precipitating and filtering off the protein, The
resultant ervstals (Figs, 17 and 18) resemble those of so-
dinm ehloride (Fig. 19) in most respects.

When we now examine cerebrospinal fluid for the con-
stituents it containg we find the following amounts: water,
98.60 to 99.124 per eent; solids, 0.876 to 1.631 per cent. Of
the solids, (.175 to 0.265 per cent is organic matter and the
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rest mineral matter. The organie matter is made up prinei-
pally of protein, sugar and urea. Protein is present in

amounts varving between 0,013 and 0.07; sugar 18 present
in amounts varving hetween 0.032 and 0.144 per cent.
The hulk of the inorganic matter eonsists of ehlorides and

C i
Fig. 17.—Crystallization of nonméningbic cerebrospinal fAuid
1. Crystals obiained after the protein has been vremoved from the Huid by precipita
tion . and the hibroate Lap e RELER ed on =steam bath, { Matural Rize.)

"-_. :"E..lll-.- fitid showing the crystals { Mapnified 24 times. )
C. Clump of crystals of same Hud, { Magnified 45 times.)
D, Single crystal. (Magnificd 45 times.)
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Fig, 18.—Crystals of evaporated sonmeningitie cerebrospinal fAvid.  ( Magnitied 24
3 L | H
(R ECleFs: )

Fig. 19.—Cryvstals of sodimn chloride in 2 1 per cent solution of dextrose. { Magnified
24 diameters. )
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bicarbonates, the ehlorides being present in amounts vary-
ing bhetween 0.60 and (.74 per cent.

Both of these constituents are present in much greater
gquantities than potassium, caleinm or magnesium.

It 1s mteresting to compare the chemieal composition of
the cerebrospinal fluid with that of other bhody fluids, not-
ably blood, lvmph, and aqueous humor,  In eomparing the

Tairry XI
CHEMIcAL ComposiTion oF CErEsroseiNaL Prrin Comearep witn TiaT oF
Broon
=3 T BLOOD SERUM
CEREBLROSPINAL OF A MAM 25
CONSTTITUTENT FLUID IN GM, YEARS OLD
e 1000 (BY BCHAMIDT)
EN GM. PER 101
wl DX Water N 996.67 90884 =
vy substance 10,93 01.16G
Organie Substance 213 82.58
Albuminoid .15
Albumose and Peptones
Amine Aeids 0.010 0.0000
[req 0,06 0, 10-0.30
Ammonia ¥ 0, 04-0.010
Reduving Sulistance 0.53 1.0-1.50
(Glueose)
Chloride (as Sodium 752 5.86
Chloride)
Direct alkalinity as Na, (0, 1.25 3.26
Ashes B.B0 5074
Na, 0 4,346 3.438
K.0 0.251 0317
Ca0 0,005 0.162
AMgO 0,050 0,073
Fe, 0, 0,002 ¥
PO, (total) .00 0.375
=0, (total) 0,056 0,130
CO, (of ashes) 0,550 0.90-130
i'] 4,448 3.056
Ratin of H__{} to Wa, 0 1/17.3 1/10.8

chemical composition of the eerebrospinal fluid with that of
the blood we find that they hoth contain practically the same
constituents, and that some of the constituents are present
in the same amounts in both. This is partieularly true of
sugar and urea. I often found sugar to be present in the
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same amounts in both the fluid and in the blood, Cullen and
Ellis found a difference of less than 2 mg. per 1000 e.e. in
the amounts of urea in the fluid and the blood, m 65 per
cent of their determinations. The urea content of the fluid
raried from 22 to 46 mg. and that of the blood serum be-
fween 20 to 42 me.

The other chemieal constituents, on the contrary, are
present in much smaller proportions in the fluid than in
the blood.  The protein in the fluid varies bhetween 0.013
and 0,07 whereas that in the blood plasma varieg hetween
(.95 and 7.76 per cent. The caleium content of the fAuid, ac-
cording to Halverson and Bergeim, is only one-half that of
the blood, the caleium in the fluid bheing 0.005 gm. per 100
¢.e., while that in the blood plasma or serum is 0,01 per 100
c.e.  Table XT of Mestrezat shows the chemical constit-
nents ol the eerebrospinal fluid and the blood.

PHYSICOCHEMICAL PROPERTIES OF NORMAL
CEREBROSPINAL FLUID

There is no line of seientific investigation where so many
factors enter into the results obtained as in physicochemieal
determinations. Temperature, harometrie pressure and es-
pecially the time the fluid has been standing before it is
examined count a great deal. So it comes that while the
chemical data found in the literature of several vears ago
are in the main confirmed by newer investigations, some of
the older physicochemical data are found incorrect when
newer methods are used, and when the various factors
influencing physicochemical findings are taken into con-
sideration.  Espeeially ig this true with regard to the reae-
tion of the eerebrospinal fluid and the alkali reserve,

Specific Gravity

The specific gravily of normal cerebrospinal fluid to
which I have already referred in the diseussion of the phys-
ical properties of normal cerebrospinal fluid, belongs also
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in a discussion on physicochemical properties of the fluid,
since specific gravity forms the basis of many physico-
chemical constants. The specific gravity varied in my
eases between 1.0064 and 1.0070, and according o other
authors, it varies between 1.001 and 1.008,

Viscosity

Polanyi found the viseosity to vary hetween 1.020 and
1.027 at a temperature of 38° (., faking the viscosity of
water as 1. 1 examined the viseosity of several cerebro-
spinal fluids, by means of the Ostwald apparatus, and found
it to vary between 1.0424 and 1.0489 compared to water.

Conductivity

Polanyi examined {he conduetivity of the cerebrospinal
fluid of hvdrocephalus and found it to be 0.01136; 0.01280;
f
0.01527; and 0.01452 at 20° €. (Formula ).
Ohm = Cm.
My examination gave the conduetivity as (01513, 01365,
and 01513 at 25° C.

Surface Tension

Polanyi found the surface tension to he 7.35, 7.15, 7.16
and 7.20 dynes at 207 (',

Freezing Point

Grenet found the freezing point of normal cerehrospinal
fluid to be —38° to -.56° €. Quincke found it to he -.56°
to —.75°. Polanyvi found it to he -.566°, -.570°, -.678°,
0837, Mottt found it to he -.517 to -.56°. Mestrezat found
the average to be -.576%, with the extremes varying be-
tween =577 and -.59°. My flindings showed the freezing
point to vary between —.56° and —.58°. In general it must
be said here also that the interval between the removal of
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the cerebrospinal fluid from the hody, and the time of the
examination is a great factor; althoueh the varviation in the
freezing point on standing is not nearly as much as is the
ase with H-ion concentration, or with the alkali reserve.

Refractometric Index

Polanvi found the refractometrie index to be 1.3499 at
23° (., 1.33516 at 21° C., 1.33579. at 20.3° (.. and 1.33554 af
20° C. T found it to be 1.73516 at 23° (.

Reaction of Normal Cerebrospinal Fluid

All through the older writings, the statement is found
that the eerehrospinal fluid is alkaline in reaction, the al-
kalinity being given as a rule as half that of the blood.
Cavazzani examined the fluid of two cases of hvdroceph-
alus, and found a neutral reaction. Coneetti found the fluid
alkkaline three times, and weakly alkaline four times. Von
Jakszeh found the alkalinity to equal 20 e.c. of n/10 aeid
solution.

Kaftka used n/10 HCl and cochineal as an indieator, and
Found that on an average, 20 ¢, of acid was necessary to
neutralize 100 c.e. of fluid. According to Mott, the alkalin-
ity of the fluid corresponds to 0.1 per cent of sodium hy-
drate,

Of late, the entire conception of the reaction of body
fluids has ¢hanged due mainly to the work of Michaelis,
Sorenson, Henderson and Van Slyke. The reaetion of hody
fluids 18 now gpoken of in terms of hvdrogen and h_w;:h*na}'
tons, which is expressed cither in the terms of hvdrogen-
ion coneentration, or in terms of Py, the latter term indi-
cating the negative n-xp:nu-m of the hvdrogen-ion concen-
fration, for instance Pu 7.1 =1 < 10-"!N. The H-ion conecen-
tration can be deternmimed in a number of wavs, the most
important of which are the compensation method of Mich-
aelis or of Hildebrandt, and the imdicator method of Sor-
enson.  Practically all of these methods have been used
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recently for the study of the cerebhrogpinal fluid,  The re-
sults, however, have not been uniform.  DBiscaard exam-
ined the fluid against a borate mixture, 5.7 plus HCI,
and Tound that the fluid was more acid than the borate
mixture.  Polinyi determined the IH-ion  concentration
of one fluid drawn from a ease of hydrocephalus, by the
compensation method with the use of the Farkas-Sziliseh
electrode.  Tle found the H-ion concentration to he 9.084
<10, Hurwitz and Tranter, who used the Levy Rown-
free-Marriott standards, Tound the Pu of normal fuids
to vary between 8.15 and 830 with an average of 8.26, this
heing somewhat lower when the fluid was dialvzed, the
average then being 8.11. Weston found the dialvzed fluid
to vary between 7.9 and 8.3 with an average of 812,

I have examined the T-ion coneentration in over four
hundred normal eerebrospinal fluids, or to be more acenrate,
Huid from eases that proved to bhe nonmmeningitie in char-
acter. The series mmelwdes cases of nephritis, gastrointes-
tinal intoxieation, pnenmonia, paresis, alcoholic psyehosis,
dementia precox, brain tumor, epilepsy and many other con-
ditions. I used the methods of Michachis and Hildebrandt
for the determination of old fluids and the Levyv-Rowntree-
Marriott method, or an indicator corrvesponding to this
method, mm fresh flnidd. 1 found that when the fluid is ex-
amined immediately after its withdrawal from the hody, the
H-ion concentration expressed in terms of Py ranges rom
74 to 7.6, In only two cazges have | found an H-ion coneen-
tration of fresh fluid to be 7.7, However, if the fluid hasg
heen standing a short while, the reaction cehanges very
quickly toward the alkaline side.  As a rule, standing half an
hour changes the reaction to a Pa of 7.5 to 7.6 standing one
hour changes the reaction to a Py ol 7.7: standing two
hours changes it to 7.9 or 8.0, From two hours on, the
change in the reaction toward the alkaline side 15 rather
small, some fluids changing in twelve hours to 8.1, and re-
maining at this concentration no matter how long it stays;
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TasLE XI1T

oF NorMAL CEREBROSPINAL FLUID BY OTHER AUTHORS

M ETHOD | BT
ALUPTHAOR ]
EMPLAOY El FILESEL QLD TR ARER
Cavazzani | Tartarle Neutral 2 cpses of hvdro-
aeiid Interval of standing not in- |jeephalus  also  dogs
dieated.
Coneetti | Alkaline & times,  weakly
acid 1 time,
Interval of standing not in-
dicated.
Myers Litmus Neutral or faintly alkaline
Bisgaard Phenol- Lesg than &
phthalein 8.1
Kopetzky | Litmus Less than 5.0
Fluid in stoppered
bottles retained
Phenol- . acidity
Turner . Acid ok e
phthalein Fluid in unstopper-
il bottles beeame
alkaline
Polinyi Farkas-
Sziliseh .10
elecirode
Hurwitz Levy- L San &=
al Iowntree- 8,40
Tranter Muarriott average-
medhni 5.1
Levy- TO-8.3
Weston Rowntree- average.
Marriott 512
ol
Felton, Lieyvy-
Hussey Rowntree:
and Marriott 7.7-7.9 B.G
Bavne- et o
Jones

other Huids changing to 8.3 or even 8.6 in course of twenty-
four hours or longer.

In Table X1, I give the H-ion coneentration in some of my
cases showing average results, indieating the method used
by the letters a, b, e; **a’’ represents the gas-chain method,
“h*" the alkalinized phenolphthalein compared fo the
Sorenson standards, and ““e”” the Levy-Rowntree-Marriott
indicator compared to the standard colorimetrie tubes.
A typical change in the T-ion concentration is illustrated
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in the eurve shown in Fig. 20, The results obtained by
phenolphthalein compared to the Sorenson standards, are
often marked with an additional + and - signs.  This means
that Py of the cerebrospinal fluid was higher or lower than
the figure given, hut how high or how low was not deter-
mined.

These findings have heen =o constant that I believe we
can account for the high Px obtained in normal ecerebro-
spinal fluid by the authors quoted. They examined the

8 = - PR oL
= —E : - = : s ===t
- ¥ . - ——r

" - P St v i > = .""T

Fig. 20 —Average change in the H-ion concentration of nonmeningitic fuid on standing.

finid after it had been standing for some time, which
naturally gave a very low H-ion coneentration, or a high
Pr.  Interesting in this connection is the work of John
Tuarner who not only knew of the high H-ion concentration
ol the fluid, but was also aware ol the fact that the eoncen-
tration changes on =tanding. To quote him:

“In all the cases of this series and in twenty examined
fifteen vears ago, 1 have obtained an alkaline reaction
(and not amphoterie) to litmus paper, but with phenol-
phthalein the great majority have an acid reaction. The de-
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Tanry XIII
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gree of acidity,

however, is in many

cases very slight.

J-i

very faint pink solution of phenolphthalein was poured
into two small heakers, so that the tint in hoth was similar
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found that the fluid lel't unstoppered in myv room, where gas
iz constantly burning, rapidly becomes alkaline, whereas
similar fluid in stoppered bottles retained itz acidity, and
that in my later examinations where this source of fallacy
was recognized and excluded, the results tend more and
more to be uniformly acid with phenolphthalein.”

I have endeavored to find the factors that arve responsi-
ble for the ehanges taking place in the H-ion concentration
of nonmeningitic cerebrospinal fluid. T found that when
I put a part of the cerchrospinal fluid right after its with-
drawal from the body into a desiecator containing twenty
per cent sodium hydrate, and allowed it to remain in the
desiceator from ten to thirty minutes, the acidity of the
fluid was greatly deereased, the Py being in a very short
time 7.7 to 7.9.

Tape XIV

CHanGes 1xn It ConcextTrarion o Rewmovar of COs Y EXPOSURE To ALKALT IN
IS ICEATOR

Pu
ol e ; [ M- EXPOSED TO EXPOSED  TO . = ,
CASE  |[FLUID DRAWN | o= i o EXAMINED Pu.
e ATELY -
194} 6:55 p. m. 7.4 12 munutes FA0F i, 1. i e
190 6:55 poom 7.4 20 minutes | 7153 p.m. .
190 6155 ., m, ik | 20 minutes |7 punules  after J22 . my, 7.8-7.9
20 minutes
exXposiire 1o
alkali
190 G:55 p.om. 74 37 minares |38 minutes after V55 pe m 7849
27 minutes
l‘x[:‘ﬂﬁ-ﬁ]rl‘ fas
allkah
190 61535 p. m. 7.4 20 mimites 13 hours 11:22 & m. 8.1
I 85 703 . m. 7.4 10 mimutes 713 nom, 7.7:08
185 F203 pom. v | 30 minntes 7:3ip,om. TR
1ER 703 p,om. 7.4 S0 minutes J minutes F136 g m, 7.8
186 7:45 p. m, 7.4 v minuies 7:51 pom. 7.6:7.7
_186 45 pm. | T4 | 23 minntes £:10 p. 7.9

This shows that the removal of CO. from the fuid
causes a decrease in the H-ion concentration of the fluid.
To make eertain, however, that the inerease in the Pu of
the eerebrospinal fluid 1 entively due to CO., T performed
the following experiment. T divided a fluid into two por-
tions: one portion I corked tightly after its removal from
the body, and coated with a layer of paraffin, and the other
portion I left in a nonsol glass tube. The two portions of
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the fluid were examined twenty-four hours later. 1 found
that the fluid which had been corked very tightly retained
the original H-ion eoncentration, giving a Px of 7.4 to 7.6 In
twentv-four hours; while the fluid that had been left in a
cotton plugged test tube gave a Pu of 81 or higher in
twenty-four hours, which is the ordinary change taking
place in cerchrospinal fluid. This shows that the deerease
in the H-ion concentration in the cotton-plugged tube was
not due to formation of ammonia or other alkaline sub-
stance, but to the loss of CO. from the fluid into the air,
I have furthermore shown that when the tube containing
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Fig. 21.—Change in H+ concentration of normeningitic Huids on standing at roam
temperature mnder vanous conditions.  Caze 16% Plagged with cotton.  Case 1900 Im-
medintely after withdrawal, exposed to COs free air in desiccator (dotted line) amd later
leit with cotton plog, Casze 210b,  Plagged with cotton; Case 210c, the zame Huowd as b,
bt corked with a cork—a few bubbles at the top. Casze 204, Six coe. wbe;, bali hilled;
and vghtly corked: cotton plugged fluid was same as Case 21060 (8.1, Case 213 Almost
pertectly sealed with cork, without any air hubble above the fluid.
fluid is corked tightly, but some space is left between the
flunid and the cork, there will be some change in the H-ion
coneentration of the fluid, the H-ion decreasing slightly
although not nearly as mueh as the Huid standing m the
cotton-plugged tube (Table XV) (Fig. 21). I have also
measured the total earbonates in fresh and old fluid and

found it to run parallel with the H-ion eoncentration as
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Tanne XV

H+ Coxcextration o Fuvips Staspixag o Corken Tuones

FLUID

bl

DATHE ATOFFERLD
KER AUE BHAGNORIE FATE DREAWSN EXAMINED INTERY AL WITH P"
'.'ih;p:turé ¥ Im. frm,
210a | 27 | Alesholic | 6/25/17 — 7:15) 6#/25/17 — 7:15 Immediately Tl
3% | Aleoholic | 6/256/17 - T:20| 6/25/17 = 720 Immodiately 7.4
) a.m.
Z1h | 27 | Aleoholic | 6/ 5/17 = T:16
1% | Aleoholie E.-'.!ﬁ 17 = T:20) 6/26/17 = B:00 13 hours ClotLomn 2.1
“210e | 27 | Alcohelic | 6/26/17 - 7:15| 6/26/17 - 8:00] 12 hours | Paraffined cork |7.5-7 .6
38 | Aleoholic | G/26/1T7 - T:20 (few bubbles
helow eork)
“211a | 43 | Alcoholic | 6/25/17 — 7-28| 6/25/17 Trswdbately 75
46 | Aleoholic | 6/257°17 — 737 6/25/17 Imimed itel v
211k m Alcoholiec | G/26/17 — T:28) 6/26/17 - B:10 Cottan
46 | Alesholic | 6/25/17 — 7:37 1215 hours: 8.1
2l1e | 43 | Alcoholic | 6/25/17 ~ T:28| 6,26/17 ~ 8:10| 1214 hours | Parafined cork [7.5-7.6
46 | Aleoholie | 625717 — T:37
211d | 43 | Aleoholic | 6/25/17 — 7:28) 6/26/17 -11:17| 15% hours |Paraffined corlk
roplaced after
# oo removied
46 | Aleoholic | 6/25/17 - 7:37 for exam. at "B
8:10, leaving
3 coe. space in
G coe. tube.

212 | 55 | Alcohalie | 6/25/17 — T:48| 6/25/17 — 7:52| 4 minutes 7ok
b 5 | Aleoholie | 6/25/17 — 7:48| 6/26/17 —11:05| 15 hours | Paraffined cork |7.5-7 &
¢ a5 | Aleoholie | G/25/17 - T48| G/26/17 <11:30| 15 hours Caotton Y

LT
d 55 | Aleoholic | 6/25/¥7 = T:48( 6/28/1T7 =12:30 Clotton 7.9
213 | 89 | Aleohalic ﬂ.aé.e'w ~ 8:00| 6/25/17 - 8:02| 2 minutes 5 T
I E‘!l Aleaholic E_-’EE;'IT — R0 E"Eli.'i'? =11 .!5- 150 hours | Paraflined -uurlr. 7. 67,6
218 |1 yr.|Pnoumonia| 6/26/17 - 1 w 6/26/17 - 1:30| Imedintaly 17676
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shown in Table IX. To show further that ammonia, even
il absorhed from the air, is a negligible factor, I made the
Following experiment: A fluid was divided mto two por-
tions, one of which was exposed to ammonia-free air in a
desiccator, and the other left at the ovdinary laboratory
temperature.  After thirty minutes I examined the two
Huids For their H-ion concentration and found it to he the
ame in both eases, showing that the nsual decrease in the
H-ion concentration of a fluid is not due to absorption of
ammonia rom the air.

When we compare H-ion concentration of normal cere-
hrospinal fluid with that of the blood, we find that they are
hoth the same. The H-ion econcentration of the blood also
ranges between a Py of 7.4-7.6 immediately alter being re-
moved rom the body,

Alkaline Reserve
[ determined the alkaline reserve on the amount of €O,
present in the cerebrospinal fluid as hicarbonate, by means
of the Van Slyke alkaline reserve apparatus. Table XV
shows the alkaline reserve in nonmeningitie fluid:

TapLe XVI1
ALKALINE HESERVE OF NONMERINGITIHC CEREBROSPINAL Lo

NQO.  DIAGNORIS ALKALINE RESERVE )
I. Tabes 36,5 :
2. Polismyelitis +5.7

A0 Uremde eoma 52.0

4. Meningism L7.5

5] { "horean R

(i, Dlementin proens b T

7. DPsyehosis T

8. Cerebrospinal lues 55.72

0. Psyvehosis 2754

The above shows that the alkaline reserve of nommenin-
gitie cerebrospinal fluid varies between 45.7 and 63.0, the
average being between 52 and 57% of CO., found by the
cerehrospinal (lnid at 07 temperature, at 760 barometric
pressure, which i= about the same as the alkaline reserve of
Ill“llll.
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BIOCHEMICAL PROPERTIES

The data on the biochemical properties of normal cere-
brospinal fluid are conflieting in nature. Up to date most
of the biochemieal findings reported on have heen negative,
but it is possible that with more aceurate methods posi-
tive biochemical properties may be found.

Amylolytic Power

Toison and Lenoble found that the cerebrospinal fluid
of hydrocephalies possesses amylolytic power. Cavazzani
reports the same. Galletta, however, says that he found
thi= to be true in only two out of eleven eases examined.
Mestrezat found no amvlolvtie power in the normal cere-
bhrospinal fluid or very slight traces of if.

Proteolytic Power

Link and Pollack report finding a peptolytie enzyme in
normal cerebrospinal fluid. In three cases of hyvdroceph-
alus and one case of spina bifida examined for the presence
of pepsin or trypsin Halliburton found no trace of either.
Miller found no proteolytic enzyme or antienzyvme in nor-
mal cerebrospinal fluid.

Galletta found a fat-splitting enzyme in three of seven
cases, Clere found none.

Glycolytic Ferment

Cavazzani found glveolyvtic ferment in the cerehrospi-
nal fluid. However, neither Panzar, Lewandowsky, nor
Mott could find the presenee of any glveolvtie ferment.

Fibrin Ferment

Normal fMuid containz no fibrin ferment.

Alexin

Normal fluid contains no alexin.
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Hemolysin

Normally no hemolysin is found in the fluid.

Toxicity

Normal flnid is not toxie, compared to pathologie fluid
whiceh is toxie,

Bactericidal Action

The question as to whether normal fluid has a baeteri-
cidal action has not vet heen settled.

CYTOLOGY

The study of the cell content and of the eell elements of
the eerebrospinal fluid was inaugurated in France by Rav-
ant, Sicard, Nagoette and Widal in 1901, and has sinee been
recognized as a very important phase of the study of the
cerebrospinal fluid.

The exact number of cells in normal cerebrospinal fluid
is a matter on whieh authorities who have worked with the
fhiid do not agree. Fuehs and Rosenthal found 0 to 2 cells
per e.anm. in normal fluid, Relim found 1 to H and even 6 to
9, and Gennerich found 8 cells in the fluid of one healthy
person, There are others who give the number as 5 to 20
per c.mm.  The reason for the wide diserepaney is the fact
that different investizators have emploved different meth-
ods in determining the number of eells, There are some
who count the eells in the eentrifuged {fluid, usinge a certain
amount of fluid in a graduated centrifuge tube and taking
one drop of the =ediment on a slide (the so-called French
method), and others who count the eells in counting cham-
hers. I is easy 1o =ee how these two methods will give en-
tirely different results, the difference being at times as
high as 50 or 60 per cent. Fven those who count the eells
in a counting chamber, et variations in ther results due
to the type of chamber they use. The Fuchs-Rosenthal
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chamber, for instance, gives a =maller pereentage of error
than the ordinary leucocyte counter. The greatest souree
ol errors responsible for the diserepancy of findings by
various authors however, is the admixture of blood in the
coerehrospinal fluid, for no matter how elear the fluid may
look there may be some blood eells obtained by the passage
of the necdle through the tissue, which would in turn result
in enormous errvors, when figured out as their number per
canm.  In addition to the above factors, the amount of
cerehrospinal fluid used for counting and the use of a stain
may account for the difference in the reports of the various
authors,

T found the number of eells in normal fhuid to be between
4 and 6 per canm. 1 have, therefore, adopted this number
ag an arbitrary standard, anyvthing above 6 eells per eanm.
being suspicious, and anvthing above 10 eells per canm., he-
ing indicative of =ome pathologic condition of the central
nervous systen. I, of course, make certain that the cere-
hrospinal fluid contains no bload to hegin with,

Fiseher elaims that the result obtained in the cell count
of fluid obtained hy lumbar puneture is not indieative of
the cell count in the cerebrospinal fluid econtained in
the ventricle of the brain.  This, however, has been
found by Nonne not to be true. The cell content in the fluid
of the luombar region, and that of the ventriele are found
to run parallel to cach other. [ have found that the
cell content 1 the different portions ol the eerebro-
spinal fluid does differ, the first tube containing more ecells
than the sabsequent fluid. 1 believe that this may be due
to a contamination of blood eells in the first portion of the
fuid, In this connection, it iz interesting to point out that
one author advises shaking the patient from side to side
before doing a lnmbar puncture, in ovder to stir up the
cells and distribute them evenly which, of course, is very
absurd.
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Type of Cell

Normally, no red blood ecells are found in the fluid, the
cells in the fluid always being leucoevies.  The normal
type of lencoevte in cerebrospinal fluid 1s the small
lvmphoeyte, which is the size of a red blood eell or slightly
smaller or larger than the red blood cell, The nuelens of
the lymphoeytes of normal cerebrospinal fluid is round or
slightly oval. It is seldom irregular. The nucleus fills
up the largest part of the cell leaving a very small eell
hody. No granules can be detected in the cellg, as a rule,
The nuelens stains infensively with methyl-violet, while
the cell body does not.,

Large Ivmphoeytes do oceur in normal fluid but not very
frequently. It has been obszerved that there very seldom
exists a combination of large and small lyvmphoeytes in
the same specimen of fluid that gives no other pathologic
findings. Large lvmphoeytes, however, always should make
one think ol some discased condition of the central nervous
system.

The origin of the cells in the cerebrospinal fluid is not
fully determined. The eells in normal fluid would seem to
be of hematogenous origin as they are small lvmphocytes
with oceasional large forms which are also found in the
blood. On the other hand, the ecell forms i the fluud of
pathologie conditions are often very different from those
in the blood and thiz suggests some other =ource for the
cells. The fibroblasts, for instance, would point to a his-
togenic origin of the cells. Tt is possible, of course, that
the cells do originate in the blood and during their trans-
mission into the cerebrospinal fluid or while in the cerebro-
spinal flnid may ehange forms. Szeesi snggested that some
cells originate in the blood, while fibroblastzs and other
such elements have a histogenie origin, 1 believe that un-
der normal conditions the cells in the eerebrospinal fluid
originate in the blood and have the same characteristies as
the cells in other parts of the hody.
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CHAPTER V
PATHOLOGIC CEREBROSPINAL FLUID

Cerebrospinal fluid reacts to all processes that affeet the
central nervous system. The changes taking place in the
Huid under pathologic conditions arve due fo two causes:
svstemic and meningitic. The systemie changes are due to
metabolie disturbances in the body sueh as nephritis or
diabetes.  The meningitie ehanges are due to affections of
the meninges. These may be divided into (1) simple ir-
ritation ol the meninges or of the brain tissue; (2) in-
fection of the meninges.  Irritation of the meninges
may bhe produced by mechanical disturbances in the era-
nial eavity, or by the action of metabolie or infectious
toxing. The latter condition is termed serons meningitis
by some, and meningism by others, the latter term being
nsed to deseribe all eonditions wherein the meninges are
irritated by some toxie substance which inereases the
amount and pressure of the cerebrospinal fluid without
changing the chemical composition of the fluid or affeet-
ing its sterility. This ig the condition that often exists in
pneumonia, influenza, and otitis media. Simple irritative
changes produce only physical alterations in the fluid or at
most only slight phy=icochemical changes. Changes pro-
duced by the entranee of bacteria into the fluid, on the con-
trary, take on a varied character and may bhe physieal,
chemieal, evtologie, and bacteriologic. These changes may
appear singly or in various combinations at one and the
same time. Some authors voice the opinion that the irri-
tative and infections changes differ in degree only, and
not in character. 1 believe, however, that although there
are changes common to both eonditions, those in infections

113
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are different in type from those of simple irritation. Fur-
thermore, the reaction is specifie for each type of infeetion,

Just how baeteria may enter the cerebrospinal fluid is
still a matter of controversy. There are two ways in which
they ean make their entrance: one is through the eireula-
tion and the other iz by direet continuity from the nose or
from the ears. For a long time it was thought that the
attack of the meninges in epidemic meningitis or in polio-
myelitis was by way of the lvimphaties of the nasal mucous
membrane, the bacteria passing through the eribriform
plate of the ethmoid direetly into the meninges. How-
ever, the fact that the meningocoeens in many cases may
be eultivated dirvectly from the blood in the early stages of
meningitis, and that arthritis and iridochoroiditis often
complicate meningitis would make one helieve that the
meningeal infection is most frequently hematogenous. The
recent work of Austrian on experimental meningitis is also
sugeestive ol the septicemie nature of meningococeie in-
Vasioln.

In tuberculous meningitis the infeetion hardly ever
reaches the meninges dirveetly from the nose. It is usually
part of a general miliary tubereulosis of which the menin-
gitis iz a terminal process. [From the work of Albrecht
and Ghon, we know that the primary process of tubercu-
logis usually takes place in the lung, and gives rise to an
enlargement of the hilus glands, which in time either be-
comes retrogressive with caleifieation, or goes on to a gen-
eral miliary tuberculosis.  According to this explanation,
what happens in tuberculous meningitis, then, is first a
tuberculous infection in the lung tissue proper; second, an
infection of the hilus glands; and third, an invasion of the
meninges by way of the blood. It takes some time hefore
the proteetive wall of the meninges is broken through by
the tuberele baecilli, but they finallv break through and in-
Feet the meninges. That tuberculous meningitis is a part of
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a miliary tubereulogiz is seen on autopsy, miliary tubereles
being found in the lungs, liver, and spleen in all eases,

The pneumococei act much like the tuberele baeilli and
meningococel in their relation to meningitis. Not every
pnenmonia, it is true, produces a pnenmocoecus meningitis
but almost every pneumococeus meningitis is the result of
a pneumococens septicemia.  Some observers elaim that
they have found pneumococei in the cerebrospinal fluid in
uncomplicated pneumonia, but this seems véry unlikely.
There is no apparent reason why pneumocoeei in the fluid
should produee meningitis in one instance and not in an-
other. It is probably safe to assume that if no meningitis
is produeced there are no bacteria in the cerebrospinal {luid.
The nervous system is the master system of the body, and
Nature has provided it with protection by surrounding it
with cerebrospinal fluid and with three layers of meninges,
one of which, the dura, is especially heavy and firm. In
addition, Nature also proteets the meninges with the heavy
walls of the skull and spine and in spite of the fact that
the nervous system is a delieate system, and that the cere-
brospinal fluid is not microbieidal it is not easy for bacteria
to gain aecess to either,

In eertain cases the meningococeir and other bacteria
find their way into the eerebrospinal fluid through the erib-
riform plates of the ethmoid. The nasal mucous membrane
may harbor pneumococei and streptocoeel, meningococei
and influenza baeilli, and it is conceivable that when the
syvstem is in a low state of resistance, the bacteria mayv en-
ter the meninges dirvectly. The eerebrospinal fluid in these
cases, mmstead of being a means of protection for the cen-
tral nervons syvstem, serves ag a good medinm for the dis-
semination of the bacteria.

Still another route for the entrance of bacteria into the
cerebrospinal fluid is the ear. In advaneed cases of ofitis
media or mastoiditis, the bacteria mayv enter the brain
substance, in which case they produce a brain abseess or
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the meninges, in which case they produce a meningitis.
This happens most frequently in infections with the pneu-
mocoecceus, and with the streptococcus hemolyticus,

Less frequently hacteria make their way into the cere-
brospinal fluid through wounds of the skull and spine, es-
pecially through fractures of the skull.

Whichever way the bacteria enter the eerebrospinal
fluid, once there, they produce changes in the meninges or
hrain and give rise to many alterations in the fluid. Some
of the changes are common to a
the meninges or brain, whereas others are specifie to cer-
tain bacteria or toxie substances,

| pathologie processes in

Increase in Amount of Fluid

[t is the rule that whenever there is irritation in some
serous cavity, the fluid normally present is inereased in
amount. This is true of the pleural cavity, the peritoneum,
pericardium, and also of the meninges,  Any irritation of
the meninges, therefore, inereases the amount of cerebro-
spinal fluid, the inerease in some ecases being only moder-
ate, in others very great. ls every case of increased cere-
brospinal fluid to be termed a serons meningitis as Quincke
proposed? Tt would seem less confusing to use 5. Dupré’s
term of meningism for all eases where the fluid shows only
physical changes and reserve the term meningitis for all
processes producing chemieal, eyvtologie and baeteriologie
changes. The name, however, makes little difference. The
important faet is that there are two classes of irritation
of the meninges. It should be noted that the more acute
the 1rritation, the ereater the amount of flud aceumulating
in the ventriele and in the subarachnoid spaces.

Pressure

With the inerease in the amount of fluid in the subarach-
noid there is naturally an inerease in the pressure of the
fluid, so that we very seldom have a pathologie process of
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the meninges without a corresponding inerease of the pres-
sure of the fluid.  Here also the eharacter of the proeess and
the degree of its acuteness determine the inerease in pres-
sure.

Foam

I found that all pathologie fluids produee a foam on shak-
ing. When a test tube is filled one-third to one-half its
size with fluid, and is shaken for two or three minutes, a
heavy foam one to two inches in thickness forms, persist-
ing for hall an hour or longer.  When normal fluid is shaken
in a test tube only a thin foam forms, dizappearing in a
few minutes. The foam iz present in all pathologie fluids,
but it 18 of greater gize and duration in acute infections of
the meninges. Recently Zingher deseribed the formation
of a heavy foam in poliomyelitis which corroborates my
observations. It seems but natural to think that the foam
production is due to the CO, in the fluid. Cloge observa-
tion, however, does not bear this out. 1 found repeatedly
that a foam formed just as readily in fluid in which all the
(0. had been driven off, if the fluid was pathologie. The
foam, therefore, is best explained by the increased amount
of protein in the fluid.

Cells

Anv infeetion of the meninges gives rise to an inereased
number of cells in the cerebrospinal fluid. The cells in
disease are derived from the congested blood wvessels of
the meninges, the number of the eells varving with the
causative organism and with the acuteness of the process,
The character of the cells also differs with the type of the
inflammation. In acute inflammations the polynueclear cells
prevail and in subacute or in chronie inflammations the
lymphoevtes are the rule. In general parvesis, according
to Alzheimer, plasma cells predominate.

Does an inerease in the eells of the cerebrospinal fluid
mean a corresponding inerease in the white cells of the
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blood? This interesting question has been studied by
many authors who found that although the lencoevtes in
the blood are usnally inereased in meningitig, the leuco-
evtes in the blood and those in the fluid do not necessarily
run parallel. There are eases of meningitis in which sev-
eral thousand cells per canm. have been found in the core-
hrospinal fluid, but only six to eight thousand lencoevies
per eubie millimeter in the blood. There are other cases on
the contrary where there 1s a high leucoeytosis of the blood
and only a slight merease in the eells of the eerebrospinal
fuid.

In addition to these changes common to all pathologie
(luids, there are ehanges peeuliar to speecial tvpes of dis-
ease. The ehanges are manifold, physieal, ehemical, phys-
icochemical, and bacteriologie. 1 shall diseuss here the
mechanism of the various changes and leave the deserip-
tion of the methods for the next chapter.

Pellicle

In addition to the physical ehanges which make their
appearance in the cerebrospinal fluid under all pathologie
conditions ol the meninges, such as an inerease in the
amount, i the pressure, and the foam of the fluid, there
is one change which takes place in the cerebrospinal fluid
that i fairly characteristic for various diseases. This is
the formation of a pellicle.

In most acute diseases of the meninges a pellicle or a
net of fibrin and blood cells forms in the fluid on standing,
The time 1t takes a pellicle to form varies with the charae-
ter of the disease. In suppurative meningitis, the pelliele
forms in a very short time. In tuberculous meningitis, it
takes Irom twelve to twenty-four hours for the pellicle to
form, although I have geen it form in as short a time as one
hour. Some authors have deseribed a pellicle formation in
poliomyelitis and in lues of the eentral nervous system. 1
have observed a pellicle in poliomyelitis only very rarely. T
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have, however, observed a certain sediment in some cases
of tabes dorsalis and in certain cases of cerebrospinal lues.
The zediment formed was floeceulent in type, resembling the
Hocenli formed by the Noguchi test, or after the addition of
sodinm hydrate to the fluid of tuberculous meningitis.

The pellicle consists of a separation of the heavier ele-
ments of the cerchrospinal fluid, so that miceroscopically

Fig. 22 —Photomicregraph of stained pellicle from cerebrozpinal flurd of a poneumococcus
meningitis.

one can see in the pellicle many lencoeytes on a fibrinous
hackeround. (Fig. 22.)

The formation of a pelliele depends on three factors: (1)
fibring (2) fibrin ferment; (3) blood cells. Of these three
factors the most important is the fibvin, although the other
two also play an important role. The addition of blood
serum to the cerebrospinal fluid aceelerates the formation
of a pellicle, but it is generally inadvisable to add blood
serum, as it interferes with chemiecal tests,

The pellicle not only indicates the existence of a patho-
logie condition, but also, I helieve, serves to show the phys-
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ieal changes produced in various fluids.  Fig. 25 illus-

trates the various forms of pellicle in variouns diseases as
observed early before autolysis takes place.

Crystallization

Another |:||}'rai{';l| phenomenon which takes il]:l_l:‘l' 11 Cere-
brospinal flmd on standing, 1= the formation of erystals

! It { I ! I { I,
r'li:_"_ _'_:. f'|'|||| ||' TOrMAaiinm 11 EeEinirEitis,
| Normal £ Menmgococcns memingitis, fairly early. © Meningocoocus Imemin-
Fitis, advanced (= 'Ii-ll';l' like pranules) Iy, Meningoeocs s mentnEibis, late disen=e
[ 1\[-: OIMECOCcils Meningiiis, severe b [ _._.l IO recovyery. _l-'-. |':;._ MIRGCOSCUS  Inenin
gitis, fatal Cr. Pneumococeus meningiti=, fatal k. Tuberculons meningitis

their character depending on the character of the disease.
Various authors have called attention to the ervstals found
in the ecerebrospinal fluid, Mott speaks of cholin eryvstals
in the fluid of patients suffering from disease produecing a

degeneration of the nervouns tissue. Thomson deseribes
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Fig. 24.—Crystals formed in test tube on spontaneons evaporation of eerchrospinal funid
from a case of tuberculous meningitis.
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fluid from another case of tuberculons cercbrospinal  fluid  from a case  of

mentngitis. (OEUNDCHCEs eningiiis.

the presence of elongated, colorless, transparvent crystals
in septie meningitis. He snggests that the acid radieal
present in the ervstals is most likely phosphorie acid. |
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Fig, 27-A.—Crystils from an evaporated fluid in 4 case of tuberculons meningitis.
(7o diameters )

Fig. 27-B.—Crystals from another evaporated fluid of a case of tubereulous meningitis,
{76 diameters.)
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made a study of the ervstalization proeess in a great num-
ber of pathologie fluids which were allowed to evaporate
spontaneously at room temperature, and found that after
several months of standing, most pathologie fluids showed
the presence of many ervstals of various sizes and shapes
different from those formed in normal fluids.  Figs. 24, 25,
and 26 show the different forms of ervstals present in dif-
Ferent conditions, the varieties being even more distinet on
microscopic examination. (Figs. 27 and 28.)

Fig. 28 —Crystals from an cvaporated fluid of a case of poneamococcus meningitis.
(76 dinmeters.)

Permanganate or Organic Index

Maverhofer was able to show by means of the Kubl Thie-
mich permanganate method that there is an inerease in the
organic substance in cerebrospinal fluid in all memingitides.
This inerease, he found, could be measured by the amount
of permanganate necessary to oxidize the organie sub-
stance. Mayerhofer’s observations led him fo the follow-
ing conelusions:



124 CEREBROSPINAL FLUID

TapLe XVIII

Oncaxic Ixpex v CerEpnosPizal Froom i YVammors Forms oF MENINGITIS

PERMANGANATE INDEX
NAME DIAGNOSIS |
TUBE T | TUBE 11 | TUBE I | TURE 1V | TUBE v
AN, | Tuberculous meningilis 3.0 3.0
AM. | Tuberculous meningitis | 2.9 2.6 3.2
’ I:?-'-u me case b l!.:!_'i'.'-i |nt1'r,] 385 4,485
(15 c.e.
hetween)

J. P, | Tubereulous meningitis 2.6 1.%7% 1.6

(Examined 2 davs later)] 2. 95 1.55 1.75
[y, H.| Tuberenlous meningitis | 8.1 Q.7 L

(Examined 3 davs later)) 3.9 1.8 5.0
M. H. | Tuberculous meningitis | 2.1 1.8
D. K. | Tuberculous meningitis | 2.6 2.2
E. 5. Epidemic meningitis 7.9
E. C.| Epidemic meningitis 5.6
. S | Epidemic meningilis 24
0. C. | Epidemic meningitis 0.2 9.3

(12 hours after serum| 7.3 5.7

injection)

M. F.| Influenza meningitis 2.6
E. M. | Pneumococeus meningitiz| 5.9 4.9 a.0

{Examined 7 days later)] 4.6 4.5 ¥ 6
H. M. | Pnenmococens meningitis| 4.7 .7 4.7

(1) That the reduction index of normal eerebrospinal
fluid ig low. Dilferent portions of the same fluid give
either the same reduction index or a different one, the
tendeney being toward a higher index in each subsequent
portion.

(2) That the reduction index of meningitis is higher
than that of normal cerebrospinal fluid (2 and up). Un-
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like normal fluid, the index becomes lower with each sub-
sequent portion of the fluid.

(3) That the reduction index of cerebrospinal fluid in
epidemic meningitiz drops to one-halt its original patho-
logie rate after an immjection of menimgocoeeie serum,

My work on the permanganate index gave similar re-
sults, I found that fluid of all forms of meningitis gives
a higher organie index than normal fluid and that the
flnid of suppurative meningitides gives a higher organie
index than fluid of tuberculous meningitis.  Table XVIII
wives gome of the findings with the permanganate index in
fluid of various diseaszes.

Protein

In normal eerebrospinal fluid the protein content is small
and consists mainly of globulin, In pathologic conditions
there is hoth an inerease in the amount of the protein and
a change 1 its character, as Table XIX of Mestrezat shows.,
(Figures expressed in grams per liter).

Tare XIX

1] KATIO OF
GLOBULIN SERUM
TO GLOBULIN

BSERUM
ALBITATLN

Tubercalious I gm. 15 0 gm., 15 il

menineitis L gm. 35 0 gm. 25 5.5/1
0 gm. 50 ( om. 40 2/1

Cerebrospinal 1 gm. 30 0 om. 30 G/1

menineitis 2 gm. 30 0 gm. 3 8/1

Svyndrome of 4 gm. il I gm. 30 |

H:I_-H_.‘:!-ii-'n'l_’ coarulation G ogm, 50 2 pm, 20 1/
Precipitation

The action of the preeipitants on cerebrospinal fluid in
arions diseases furnishes another evidenee of the varving
character of the protein in different diseases. Tashiro and
I found that in certain pathologic conditions a character-
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istic ratio may be obtained between the precipitate formed
by sulphosalieylic acid and that formed by mereurie
chloride. We based our comparison on the assumption
that different proeesses respond differently to alkaloidal

Fig. 29, |'|||I_|;|';,1||'Il showing the ":-.1-:!'::| ratin ol préeciprtates |;:-.' the two pred 1 tants,
o1 oeoes of nonmemingitic fud plus 1 coe. of & peor cent sulphosalievlic acid

. 1 e.c. of noomeningitic fuoid plus 1 coe of 1 per cent HgCla

7. 1 cooo of Hund from epidemic meningitis plus 1 coe, of sulphosalicylic acid

.1 e, of fluid from epidemic meningitis plus 1 e.c. of HeCla

3 1 ee. of Buid Trom tubercylons moningitis: plus 1 c.e, of sulphosalicylic acid,

o1 e, of Awid from toberculous meningitis plus 1 ¢ of 1§72 B TS

precipitants, sueh as sulphosalieylie acid and metallic pre-
cipitants, such as mercurie chloride (Tables XX, XXI,
and XXI1I, Fig. 29).
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TanLe XX

CoMpanisoN oF AMOUNT OF SEDIMENT rroM THE MEeETALLIC AND ALEALOIDAL
Precrerration witn NoxueNiycrric FLoips

MEASUREMENTS OF THE DEPTH OF
SEDIMENT 1N MM. AFTER 24 HOURS

NUMBER DIAGNOSIS HgCly Sulphosalieylic Aeid
1 Pavehosis 3 2
2 Tie 3
3 General paresis 414 2
4 Delirium  tremens 1
5 General paresis gLs 2
(i Psychosis i 2
v General paresis 315 2
8 General paresis 3 1]
0 Psvehosis ' 3

11 Psyrchosis & 0
11 Psvehosis & 2
12 Meningism 4 2
13 Dementia precox 8 0
14 Aleoholic b 2
15 Psychosis 3 2
16 Pivehosis 4 ¢
17 Psychosis 3 1
18 Psychosis 215 2
19 Meningizsm 3 g

Tspre XXI

AMOUNT OF SEDIMENT FROM THE METALLIC AND ALEALOIDAL PRECIPITATION
rroum Frumm o Tosercvrovs MeEsmxGrms

MEASUREMENTS OF THE DEPTH OF
SEDIMENT IN MM. AFTER 24 novks

NUMBER HgCl. Sulphosalieylic Aeid

1 10 4
2 15 4
8 10 g8lg
4 11 5
5 H q
i 7 3
T 9 (i
8 13 3
] g | 7

10 10 4

11 G q

12 10 i

13 2() 3
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Tanre XXIIT

MEASUREMESNT OF SEDIMENT FrRoM METAattic Axp ALkaroipal PRECIPITATION
FiroM Froip ix Erioemie Mexincitis Berorg SEruM was Givey

MEASUREMENTS OF THE DEPTH O
SENIMENT IN MM, AFFER 24 nouns

KUMBER HgCly Sulphosalieylic Acid
1 1 5
9 2 7
3 1 {1
1 1 10
i T 24()

These findings which ean be utilized for diagnostic pur-
poses speak in favor o my contention that there are spe-
cific ehanges produced by various disease processes which
manilest themselves both chemieally and physicochemieally.
Although the fluid in eases of tuberenlous meningitis
contains less organie substances than the fluid of epidemie
meningitis as the table on organic index shows, still the
mereurie chloride =olution produces a heavier sediment in
tuberculous meningitis than it does in epidemie meningitis.
Table XXIII shows further that the precipitants in gques-
tion do not bear any quantitative relation to the amount of
protein present in the cerebrospinal flunid. In determining

TapLe XXIII

MERCU- | SULPILO-
R BRALICYL
APPEAR- AMOUNT | CHLORIDE | 1C ACID
CASE DIAGXOSIS ANCR OF RENI- SEDI-
OF FLUID PROTELN MENT MENT
After 24| After 24
honrs hours
— 230, “Tubereulouns Clear 0.1% 20 mm., 5 mm.
meninzitis
231 Tuberenlous Clear 0.1, I8 mm. 7 mm,
meningitis
232 Tubereulons Clenr 0.5 14 mim, G mm,
meningitis
233 Epidemie Turlid .57 o mm. | 20 mm.
meningitis
234 Epidemie Turbid 0.25% T mm. | 20 mm,
meningitis
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the amount of protein present in the fluid T used the method
of Ishach, except that I used half the proportions ad-
vised for urine. I also added to the ecerebrospinal fluid
and the reagent, one drop of a 10 per cent solution of acetie
acid. I put the entire solution into a small centrifuge tube
which I allowed to stand for 24 hours undisturbed. T did
not, however, centrifuge the mixture,

Sugar

The study of sugar in the cerehrospinal fluid in its rela-
tion to certain diseases of the meninges, has oceupied an
important place in the literature. Kopetzky found an en-
tire absence of sugar in all cases of meningitis. His method
of determination was qualitative, however, not quanti-
tative.  Connall reported an absenee ol sugar in all acute
infections of the meninges. Schloss observed an absence
of sugar in some cases of tuberculons meningitis and a
small amount in others. Hopkins found a smaller amount
of sugar in the fluid of syphilitics than in any other condi-
tion exeept meningitis. My own work on sugar in path-
plogic cerebrospinal fluids with Strouse gave no alteration
in the fluid of lues which we found to contain a normal
amount of suzar and gave an inerease ol sugar in diabetes,
and either an entire absence of sugar in various forms of
meningitis, or its presence in small or normal amount. Ta-
bles XXIV, XXV and XXV give some of our results.

TarLr XXIV
Sragar CoxNteNT 1% THE CERERROSPINAL FLum oF LUES

— e — e — = e

NAME WARSEEMANN TEST SUGAR CONTEXT
P. . Strongly pHHi tive 010465
M. L. Strongly positive 0. 104

. G. FPositive 0,064

M. L. Strongly positive 0,048

o el Positive (070

J. L Positive 0.074

E. M. Suspicious 0,084
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TABLE XXV
SBucak CoNTENT 18 CEREBROSPINAL FLUID oF DIABETES

4 JONTER
NAME SUGAR CONTENT

Cerebrospinal Fluid  Blood Urine
T. . (076G (.050 (.42
D, i, 038

M. B, (2N 0.24

T PRS- SRS —

TapnrLe XXVI
SUGAR CONTENT IN THE CEREBROSPINAL TFriun o MENINGITIS

NAME

— _—

DIAGNOSLE SUGAR

B & Tuberculous meningitis =~ Ahsent
E. L. Tubereulous meningitis 0.08%
A, ML Tuberculous meningitis Abzent
M. H. Tuberculous meningitis 0.038
M. L. Tubereulous meningitis 0.032
I W. Tubereulons meningitis (.04
0.0, Meningoeocens meningitis Absent
H.F. Meningoeoveus meningitis (024
M. K. Meningococeus meningitis 0.028
g B Meningococens meningitis Absent
M. H, | Meningoeoeens meningitis Abzent
S.N. I Pneumococens meningitis Ahsent
N | Prneumocoecus meningitis Absent

Among the other chemieal constituents that undergo
changes in certain diseases, are urea, phosphates, cholin,
and cholesterol.  In nephritis and uremia the urea has
been found to be 3.7 per cent and even as high as 4.5
per cent, compared to 0.003 and 0.090 per cent in normal
fluid.  Some workers have also observed an inerease of
urea in the fluid in cases of arterioselerosis with svmp-
toms pointing to an involvement of the central nervous
system. Phosphates were found by Donath to be increased
in conditiong of rapid nerve degeneration, such as pro-
gressive paralysis, tabes dorsalis and tumor of the brain.
Mott and Halliburton found cholin in the fluid and also
sometimes in the blood in cases of severe nervous lesions,
especially in paresis. Donath found cholin in the fluid of
epilepties and pareties, the largest amount being present
in the latter. Pighini reported the presence of cholesterol
in cases of general paralysis, dementia precox, and epi-
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lepsy. It was found to be present in 88 per cent of general
paralysis, in 66 per cent of epilepsy, and in 43 per cent of
dementia precox.

The chlorides were increased in the cases of nephritis |
examined., In the eases of meningitis I examined the ehlo-
rides differed with the type of infection as seen from Ta-
hle XXVII.

Tapie XXVII

Cruroripes 1x Mexixairie From

CHLORIDES 18 GAM.

w0, DIAGROSLS FER 100 .0,
1. Streptocorcns meningitis U810 At
2 Meningocoeens meningitis
before seruim 0,50
Hame patient after serum § Bt
8. Poenmargcens meningitis 0.0
4, Tuberculous meningitiz (.40

Lactic acid was inereased in the easeq of suppurative
meningitis I examined. 1t usually took only 5 to 6 drops of
cerebrogpinal fuid to turn 5 ce. of Uffelman’s reagent to
canary vellow ingtead of 18 to 20 drops required for non-
meningitie fluid.  Acetone was present in some cages after
the fluid had been standing for several davs. In a ease of
imfluenza meningitis there was a deep violet ring such as
oceurs in urine loaded with acetone. On a number of fluids
from meningococens meningitis the nitroprusside test for
acetone gave a deep green ring.

Turbidity

By using one c.e. of cerebrospinal fluid in a test tube one-
third inch in diameter, and adding to the fluid small por-
tions of decinormal sodium hydrate and decinormal sul-
phurie acid, 1 was able not only to deteet the presence
of a pathologic process, but also to get a elue as to the type
of the disease. Normal cerebrospinal fluid shows no for-
bidity on the addition of either sulphurie acid or of sodium
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hyvdrate. The fluid of tuberculous meningitis, however, is
not affected by sulphurie acid, but is precipitated by a very
small amount of sodium hydrate, The fluid of suppurative
meningitis, which is turbid to begin with, is cleared up by
sodinm hydrate and is not affected by sulphurie aeid.

PHYSICAL CHEMISTRY

Among the most important ehanges that make their ap-
pearance in pathologic conditions of the nervous system
are those of a physicochemical eharacter.  Although not
all phyvsicochemical changes are of diagnostie value, they
are all of significance in that they bring out specifie
changes typical of speeial diseases. What is more, further
investigations on  the physicochemical changes taking
place in pathologie cerebrospinal fluids give promise ol an
even wider range of information that can be applied with
equal effectiveness to pathologie conditions ol other body
fluids, such as blood and urine,

Table XXVIII will show some of the variations found in
physicochemical eonstants in various pathologie conditions
of the cerebrospinal fluid.

Taprnr XXVIII
Puvsicocueasican Fixpings I8 Variovs Fonrss oF MENINGITIS

[ 18 6 L
seeeivic | viscos- | FrEEzING | conpue- 1,“*\,:,;,\,_ | ALKALINE
GRAYITY 'Y POERT TIVITY BT SERVE
| TIVIT Tiation | BESERVE

Epidemie L0075 | 1.043— |-55° to  [011628 | Tmmed, | 18- 389
meningitis 10735 o ke I | P|. of CO,
7.3 | bound
(Om Stand- by the
ing flund
l.ﬁ
H
lucreases
slowly
or may be-
COTe
| more aeid |
Tuberculous | LOOGEE—| 1.0693 AT® Laaed | T.4- da— O8
meningitis | 1.00626 7.6 of CO,
l Increases
| | to
| | H.I 45.
| | | higlier
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A comparigon of these figures with those given for nor-
mal fluid (Chapter 1V) shows the great variation between
the physicochemical constants of pathelogie and normal
fluids.  Other authors have reported even greater differ-
ences, Achard, Loeper and Lanbry found the freezing
point of fluid from tuberculous meningitis to be —.44°, and
that of epidemie meningitis —46°, whereaz the freezing
point of normal fluid nsually varies between —.567 and -.587,

PROTEIN CHARGES

It is well known that the eleetrical charge of a protein
depends on the reaction of the medium, In aeid solution,
proteing become eleetropositive, and in alkaline solutions
they become electronegative, as shown i Table XXIX,

TapLr XXIX

Spowixg Cararnoresis oF Prorerss:; Fioores Takes rrovm Micnaenis

H*

SUBSTANCES MOV ES TO
- - i
Caseinn...... . ' 4.9 > 100 Cathode
§,1 = 108 Shand stall
1.3 3 J0—% Anoile
Serum Albumin 1.2 = 10-* — 2.1 Cathode
b | e
2.0 % 10-3% 1.9 Stand still
o |
1.1 ¥ 10-%— 1.9 Anode
> 10-*
Dxvhemoglobin, .. . 24 X 107 Cathode
1.2 % 107 Anode
B T e e o S e e e 1.5 3 104 Anode
1.¢ » 10-% — 3.3 Stand still
S 0=
3.0 X 10-% Cathode

It i= thus seen that one wayv of precipitating protein is
to let it combine with some radicle to form an insoluble
protein =alt. FFrom the standpoint of the electrical eharge
ol the protein such a protein s necessarily  either a
positive protein radiele forming a protein salt with nega-
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tively charged ions (alkaloidal precipitants), sueh as
tungstie, pierie, tannic acid and the like, or a negatively
charged protein combining with a positively eharged metal
(metallie precipitants) such as Cu, Ag, Hg, Zn, and Ph.
If these protein salts are sufficiently insoluble, a precip-
itate will come down.

To ascertain whether the difference in the acidity of the
cerebrospinal fuid under various conditions as diseusszed
below is great enough to produce different eleetrical states
of the proteins in the fluids, 1 have made a series of observa-

Frg. d0—Apparatus for cataphoresis of proteins, after Michaelis

tions, The apparatus used was the one recommended by
Michaelis. (Fig, 30.)

The fluids were placed in 3, care being taken to see that
there was no bubble inside the core of the stopeocks. Tubes
2 and 4 were filled with 3 per cent sulphosalieylie aeid,
and the upper portions (1 and 5), with distilled water. To
one eleetrode was added CuCl. and to the other NaCl; a
silver electrode was put in the anode and a copper electrode
in the eathode. The poles were connected to a light eireunit
with 110 volt constant current, with an ordinary lamp in
the cireuit as resistance. The ohject was to determine the
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pole to which the protein would move. The migration of
the protein from the eerebrospinal fluid was deteeted by
the formation of a precipitate with sulphosalieylie acid
in the arm. This method, of course, is necessarily erude.
For an aceurate test it would be necessary that the H-ion
concentration, the osmotiec pressure of the precipitants and
of cerebrospinal fluid he the same for each experiment—a
procedure almost impossible on account of the variation in
the fluid. Furthermore, under these conditions, positively
charged protein has a better chance of forming preeipi-
tates at the cathode, while negatively charged protein, which
moves to the anode, must change its eharge at the anode
in order to eombine with sulphosalieylie acid. In other
words, the amount of negativelv charged protein to be pre-
cipitated at the anode depends not only on the amount of
protein that moves to the anode, but also on the strength
of the acidity of the precipitating agent at the anode. Al-

TapnLg XXX

ResvLts oF Cararnonesis ox Frum rrodm Cazes or Tusercvnovs MeENINGITIS

CATAPHORESIS
NUMBER TIME AFTER .
WITHDRAWAL
Cathode Anode

1 2 hours | '

1 2 days | 2 L

1 2 days | -

2 2 hours | L

2 3 hours l I

3 1 day 1 L

4 3 hours | 1

5 24 hours | .

+ Indicates heavy precipitate.

! Slight precipitate.
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TarLr XX XI

Resvrts or Cartarnonesis oN Foumps oy Erinesic

MexinciTIS

NUMBEHR INTERVAL

1 1 day
1 1 day
2 200 hours
2 3 days
i 3 days
3 2 days
3 3 hours
+ 8 hours
5 4 hours
G

(i 17 hours
e R
T 2 days

¢ Indicates heavy precipitate,
L Slight precipitate.

CATAPHORESLS

-

REMARRKRS

Fluid bloody

[Unusually alkaline fAuid:
eases brought in from
another hospital;  ad-
mimstration of serom
nob ascertained.

though this method is quite erude it is convenient for de-

tecting the charge of protein in the cerebrospinal fluid.
Tables XXX and XXXI show zome of the results ob-

tained on cerebrospinal fluid with the cataphoresis experi-

ment.

As is seen from the tables, a considerable amount of the
protein in epidemie meningitis moves toward the eathode,
showing the presence of positively eharged protein in the

cerehrospinal fluid of that disease.

In tuberculous menin-

gitis, however, the precipitate moves toward the anode,
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showing that the protein in that ease is negatively eharged.
This again indicates the occurrence of speeific hiochemical
changes i varions diseases,

The Colloidal Gold Reaction

Lange has applied the work of Zsigmondy who found
definite measures of the protective action ol colloids on
the precipitation of gold suspensions by sodium ehloride, to
the protein of cerebrospinal fluid. Lange found that nor-
mal eerebrospinal fluid when diluted with 0.4 per cent so-
lution of sodinm chloride does not affeet the solution of col-
loidal gold, while pathologie fluid produces characteristie
changes for various diseases. The exaet mechanism of the
cold chloride reaction 15 not well known, but we have here
a distinet physicochemieal reaction that not only signifies
the existence of a pathologic state of affairs, but also indi-
catos its nature as this test produoces speeifie digeolorations
in eertain diseases,

Mastic Reaction

The Lange test has been simplified by Emanuel by em-
ploving a solution of mastie, the resin of the bark of Pis-
tacia lentisens, a tree of the Terebinthaceae. The mastie
test works on the same prineiple as the Lange, and fur-
ther eorroborates the physicochemical specificity of dis-

ease.
Ninhydrin Reaction

Noble has applied the ninhydrin reaction of Abderhalden
to the cerebrogpinal fluid and found that in tuberculous
meningitis a blue to a blue-violet color appears on bhoiling
(L3 to 1 e.e. of spinal fluid with (L1 e.c. of 1 per eent ninhy-
drin solution for about one-halll minute.  Other workers
have confirmed his observations,
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Changes in the Reaction of the Cerebrospinal Fluid

Kopetzky applied the acidosis theory of Fiseher to eere-
brospinal fluid, elaiming that the fluid presents an acidity
of varying degree in all econditions which give rise to pres-
sure svmptoms of the brain, Kopetzky used litmus paper
for his determination of the reaction and he also titrated
the eerebrospinal fluid against decinormal sodium hydrox-
ide solution. Ile expressed his results in grains of deci-
normal hydroehlorie acid golution, estimated for 100 ec.e.
ol cerebrospinal fluid, using a one per cent phenolphthalein
solution as an indicator.

I studied the reaction of cerebrospinal fluid in disease
from various points of view using the titration, the H-ion
concentration and the alkaline reserve methods for this pur-
pose. Originally I determined the reaction of the cere-
brospinal fluid by titrating the fluid against n/100 sulphu-
ric acid. The following method was used:

In each of three Erlenmever flasks with a capacity of
20 c.e., 20 ec. of distilled water was measured, all of the
flasks being of the same height and width. Into each flask
was put 1 drop of a 0.2 per cent solution of methvl red. This
produced a straw-red color which was the neutral point.
Then 1 e.c. of the fluid to be examined was placed in one of
the flasks by means of a graduated pipette. This turned
the solution still deeper vellow. The flask was now
titrated with n/100 sulphurie acid until the neutral point
was obtained. Thiz was compared with the other two
flasks, all three flasks being placed on a poreelain stand.
When the neutral point was reached the reading was taken
and then one more drop of the sulphurie acid was intro-
duced. A bright red color appeared. In order to check
the result 1 drop of n/100 NaOII was added. This gave the
solution a straw color. Another drop was added which
changed it to vellow, thus proving that the end point had
not been overrun.  Thisg procedure gave no difficulty in
obtaining a sharp end point.
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With this method it was found that normal or nonmenin-
gitie fluid required between 1.5 and 2.6 e.c. n/100 to reach
the end point which would correspond to an alkaline re-
serve varyving between 33 and 58 per eent total CO,.. Fluid
From epidemic meningitis required between 0.7 and 1.3 c.e.
of n/100 sulphurie acid which would correspond to an al-
kaline reserve varying between 18 and 29 per cent total
CO. and fluid from pneumococeus meningitis, the same
amount. Tuberculous meningitis, however, acted the same
as nonmeningitic fluid, requiring 1.5 to 2.6 c.e. of n/100 sul-
phurie acid to reach the end point. (Table XXXII.)

After 1 had completed my investigation of the reaction
of the cerebrospinal fluid by means of this titration method,
it was realized that the fluid on whiech the work had
heen done had been standing too long before examination to
give an accurate idea ol the real acidity of the flnid. I was
also aware of the fact that the titrable acidity did not rep-
resent the true hyvdrogen-ion concentration of the fluid al-
though it does tell the titrable acidity or alkaline reserve.
I, therefore, decided to determine whether there was a sim-
ilar variation in the free hvdrogen-ion coneentration he-
tween the normal and meningitice fluids of gpecial types. To
make the test the gas-chain method of Michaelis was used,
and, benefiting by the experience with nonmeningitie fluid, 1
endeavored to examine fluid as zoon alter removal from the
hody as possible. To earry out the immediate examination
it was often necessary to resort to the indicator method,
using the Levy-Rowntree-Marriott standard and a speecial
indicator, checking both indicators by the gas-chain ap-
paratus. In over a hundred cases of meningitis examined
and checked by the above methods, the following observa-
tions were made:

Fluid from cases of tuberculous meningitis differed in
no respeet from that of normal cases, the Pu being 7.4-7.6
immediately after withdrawal and ascending to 8.1 or
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TABLE

XXXTI

Trirrarion oF CEREprROsSPINAL FLum Wird Mernyn Rep as Ixpicarton

e

——

—

=
=
#
“ZEQE
CASE A DIAGROSIS o OTHER TESTS REMARKS
el = a wd &2
a=
ﬁmﬁrﬁ
s AEE
. £ 7 =
A—NONMENINGITIC
1 |11 yra. |Epilepsy e, Negative
2 12 yrs.  |Typhoid s Negative
3 | 8 yra. |Encephalitis ()24 Negative
4 140 yrs |Lunes 2.2 Wissermann
Positive
5 [Adult |Cerebrospinal 1.8 Wassermann
Ines Mositive
G |Adult Insanity 1.9 Negative
7 |Adult Insanity 2.0 Negative
8 |Adult Nephritis o Negative
9 |11 mos, [Otitis media, 1.5 Negative
pnenmonia
1] Atz mos.| Erysipelas 1.9 Negative
DI—MEKXINGITIC
11 11 vrs. | Meningocoeeus | 0.9 e.e. | Inereased pressure, |After d
meningitis Before | 41,200 cells, 1009 |doses of
CTE I eI polymorphonuelear.  |sernm
Meningocoeei in aeadity
smear gd enlture. |20 e,
2 |10 vra. | Meningococens | 0.9 c.e. | 2,400 cells, 995
meningiftis Before | polymorphenuclear,
serum | Meningococei in
smear amd ealture.
13 | 4 yrs. | Meningococens | 0.7 e, | Several thousand |After
meningitis Before | eells per comm. serum
gerum | 95% lymphoeytes, |13 c.e.
Meningrocoeeus in
direet smear and
culture,
t! Pneumococcus | 0.9 coe. |Chemieal tests
meningitis positive,
Pnenmococei in
culture.
13 Punewmdeoccns | 1.1 c.e. | Pneumococens in
meningitis eultnre,
16 P ovrs | Tubereulons 1.9 e.c. | Tuberele hacilli
meningitis found in (L8, finid.
& 20 mos,.| Tuberenlons 2 e All ehemienl tests -
| meningitis 2.1 e.e. | positive, Autopsy.
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higher. In some tubereulous fluids the H-ion coneentra-
tion decreased in a much shorter time than in normal

fuid (Table XXXIII).

Tanueg XXXIII
H* CoxcestraTion oF Fuvip rrom Tosercvnovs MeENISGITIS

Pu
M.
Imme- | ' | 1 | 2 I i 12 18 | 24 (2 Days
dinte Hnur[ Hour H-uurs.| I-Intlrl.n'ﬁsr Houra| Hours | Hours| Hours| Hours |orOwer
] T (o Bl T e e e pnhtay | Aitiate)
& e ol S R tan EERSRPE B b N  PhaA e sl e T
3 Bl Ll B |
4 R - ; B (s L e R R e B (b 8.6 (b)
5 SR T el e s W S v S vieaese [BGEBD
E | 74 (b) |
T 7.4 th) |
] 74 ih)
] 7.4 (h)
10 | 7.4 (b =1 (R S L B B0 4 ()
11 Ly e [ g s i L R e 8.2 (e}
12 74 (b)
13 s o peed fo e e el L L e o ’ caearaal| e E)
14 T4 ie) e - il e TR e DU el B2 0@
15 L : ; S R o H | e
16 =] ety [ W] | PR ey (| e N S || i e s ] el Led
17T T e e A ()
18 Bl fed)eiii caaen |88 (R}
14 T4 (e} | 8.1 (el
20 FE e PR | PR T8 )™
21 T ) ey et LR i T [ ] MR 1.8 1e)
2R R (R Tl (el (R i, e A L 8.1 (&)
e B PR T | Fetainses (R cRt eine e | rose [ E S 8.1 {w)
84 @
24 P o e 1 o N ot i T20 ()
25 7.6 (e)
26 | T4 (o) |76 (c)[T6 ()|7.8 (e)|T8 (c}]. ..... e TTs ek SBrarye 8.1 (e
| B.5 (a)
2T i B T.TH(a)
1 7.7 (e}
28 | 74 (o) B et PR ) e 83 (e)
* Corked

Fluid from eases of epidemic meningitis showed an H-ion
concentration slightly higher than that of normal, the Pu
being 7.2 to 7.0 immediately after withdrawal, the average
being 7.3. The greatest deviation from normal, however,
was obszerved in fuid allowed to stand, the T-ion coneen-
tration then decreasing slowly in gome cases, remaining
stationary in others, and inereasing in still others. Usu-
ally the graver the condition of the patient, the more
turbid the fluid, and the longer the retention of the acidity.
Administration of serum altered the H-ion concentration
of the fluid, generally deereasing it. Cases ol pneumocoe-
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eus meningitis showed a strong resemblanee to those of
epidemic meningitis.  (Tables XXXIV and XXXV.) (Fig.
31.)

The slightly higher H-ion concentration of the fluid
i epidemic meningitis as compared to normal, on im-
mediate examination ol the fluid, ean be explained, T be-
lieve, by the baeterial Fermentation of the dextrose in the
fluid as indieated by the absence of sugar or the les-
sened amount ol it in meningococceus meningitis—a fact
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Fig, 31.—Change in the 14 concentration of three types of cercbrospinal fluid.

that has been brought out by several investigators. As for
the mechanism responsible for the slow decrease in the H-
ion coneentration of epidemie fluid, there are several possi-
bilities to be considered, such as a slower loss of CO, in the
fluid upon standing, a constant CO. produetion by the cells
present in the sediment of the fluid; lactic acid formation
due either to further fermentation of sugar by the bacteria
in the test tube or to a destruetion of the eells on standing
of the fluid.
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Tanre XXXIV

H* CoxNcENTRATION OF FLUuip oF EripEsic MeENINGITIR BEFORE ADMINIBTRATION
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* Diagnosis was not settled,
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| found that the H-ion coneentration of these fluids in-
ereased from 7.4 to 7.0 upon standing in tubes tightly
corked, thus indieating that there i= not only no loss of CO.,
but that there is also a formation of eertain acids on stand-
g, Nonmeningitic and tuberculous fluids give quite dif-
ferent results (Tables XXXVI and XXXVIL). (Fig. 32.)

With the view of further ascertaining the eause of this
inerease of aecidity the following experiments were made:
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Fig. 32 —Different effects of corking on tuberculous and epidemic flmds, Case 214a,

tuberculons meningitis, cotton ploge=d: b, same floud, tightly corked (no air above),
Case 232a, tuberculous mewingitis, cotton plugged; b, zame fluil, corked (a0 air above),
Case 223a; epidemic meningitis, cotton plugged: I, same fAuid, tightly corked (no air
abovel s Case 23k, epidemvic memngitis, cotton plugeed ;- 1y, zame flmd, tightly corked
ino air above.)

In one ehamber of the biometer (Tashiro) was put 1 e.e.
of tuberculons meningitie fluid, and exaetly the same
amount of epidemic fluid in the other chamber. It was
found that the tuberculous (luid zave off more CO, than
the epidemie, showing that although both tuberculous and
epidemic fluids give off CO, constantly, tuberculous fluid



PATHOLOGIC CEREBROSPINAL FLUID 145

TasLe XXXVI

Turercvnovs From, CorkeEn

FLUID | DATE DRAWYN BATHE INTERVAL HOW Pu
EXAMINED STOPFFERED
G285 7.4
910
G/28/17 5 hours Cork 7.4
S05
B, G/28/17 5 hours Cotton 7.8
S:05
AL G T8/17 TEST Tnmediztely 7.5-8
11 a. m. 11 &. m.
e i b TI14017 24 hours Cork 7.5-0
Il a. m.
71817 T4 1T 24 hours Cotton 8.0
It o, m. g

Tavre XXXVII
Fromn rrom Ertpesmie Mesisciris, witn Cork axp CoTToN STOPPER

DAL ORIS DATE LATE INTERVAL STOPPERED Pu
IMEAWN EXAMINED | WITH
Epidemic G/a0/ 1T G/30/17 Immediate 7.5
meningitis | 12:20 p.m. | 12:20 p.m.
G:35 pom. | 614 hours | Paraflined cork 7.0
G:55 pom. | 614 hours | Cotton plug 7.7
Epidemic TI6T TG 1T Tmmediate 7.4
meningitis | 2:30 pom. | 2:30 pom.
T_-"T." 17 18 honuis Parunflined cork e
S0 a.m
. T 18 hours Cotlon 3.2
| B3 a.m.
Epidemic T i P Imonediate T.4-7.5
meningitis | 11:50 a.m.
TRT 17 howrs | Paraffined cork 7.4
4:50 pom |
4:30 pom. 15 hours Cotton 8.1
Epidemic | 7/11/17 | 7/11/17 | Immediate T.3-7.4
meningitis | 1:30 pom. | 1:30 pom.
i U2
T30 a.m. 15 hours | Paraffined cork 7.0
18 hours Cotton 7.8
Epidemic TIL4/07 71417 | Immediate 7.8
meningitis TaT 22 hours | Paraflined cork Tl
22 hours Collon 7.8
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loges more (0. than does epidemie. This suggests that
the inereased acidity in epidemic meningitis is not due to
a greater produetion of CO, but probably to the production
of some other acid, very likely lactie acid.

Further work on the subjeet showed a greater amount
of lactic acid in the fluid of epidemic and other forms of
suppurative meningitides than in that of normal or of tu-
bherculous meningitis.  Furthermore, upon standing, the
Huid of suppurative meningitides showed an inerease in its
lactic acid content. This was more marked in the fluids
that contained many polyvmorphonuelear lencoeytes, Many
flnids that showed no acetone immediately atter with-
drawal, showed traces of it when allowed to stand for a
day or two. These changes indicate that the nerease, on
standing, of the H-ion concentration of fluids from sup-
purative meningitides 1s due to a constant formation of
organie acids, resulting from the decomposition of the cells
in the fluid.

BACTERIOLOGIC

Cerebrospinal fluid is sterile, even after it has passed
through the nose as suggested by the cases reported in the
literature. Any bacteria in the fluid, is, therefore, indica-
tion of the existence of some pathologie process in the body,
unless it is known that the bacteria are the result of some
external contamination of the {luid after its removal.

The cerebrospinal fluid is one of the best mediums for
the growth of bacteria. They grow in it luxuriantly.
However, at times it is very difficult to isolate the bacteria
from the flunid. Some baeteria, such as the pneumococeus
and streptococcus grow easily on ordinary culture media;
others, notably meningococei and influenza baeilli grow
only on special media and at that with diffieulty, while still
others, like the tuberele baecilli ean hardly be grown at all.
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IMMUNOLOGIC

Immunology has thrown a great deal of light on the
diagnosis and pathology of dizeases related to the nervous
gsystem. The various agglutination tests help to differenti-
ate the various tvpes of meningococei. The hemolysin re-
action indicates a permeability of the meninges. The neu-
tralization test assistg in the diagnosis of poliomyelitis, and
the Wassermann test is an invaluable aid in the diagnosis of
syphilis of the nervous system.

Agglutination

The agglutination test is based on the principle that
various bacteria agglutinate when thev are brought into
contact with their respeective sera. This principle is uti-
lized for the identification of meningococel and pnemmo-
COCC.

Hemolysin

It has been found by a number of observers that normal
cerebrospinal fluid containg no antisheep hemolysin,
whereas the spinal fluid in gome eases of meningitis and
poliomyelitis has been found to contain hemolysin, The
hemolysin test is of value as corroborative evidence of an
inflammation of the meninges although the results of the
test up to date are not constant enough to be of diagnostic
value.

Hauptmann found that the cerebrospinal fluid of patients
suffering from lesiong of the central nervous svstem in-
hibits the hemolysis of ervthroeyies which is usually pro-
duced by a solution of saponin. He eonsiders the inhibi-
tion of hemolysig in eases of thig kind to be due to choles-
terin produced by the degeneration of nervous tissue.



I-Lq CEREBROSPINAL FLUID
Wassermann Reaction

The Waszermann reaction has done a great deal fo
change our conception of diseases in general and of syph-
ilis in particular. Most authors consider a positive Was-
sermann test of the cerebrospinal fluid to be specifie for
syphilis of the eentral nervous system. Posifive fests are
reported to have been found in the fluid of other condi-
tions, such as leprosy and beriberi, still it is praetically
pathognomonie of lues, especially in harmony with the elin-
ical condition and the history of the case. A negative Was-
sermann, however, does not alwayvs rule out svphilis.
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CHAPTER VI

METHODS OF EXAMINATION OF CEREBROSPINAL
FFLUID FOR DIAGNOSTIC PURPOSES

In the following pages I shall outline the methods em-
ployed in the examination of eerebrospinal fluid for the
purpose of deteeting the presence of pathologie processes.
I shall deseribe only those methods that have been proved
to be both simple and practical.

PHYSICAL

No special apparatus is required for the physical exami-
nation of the cerebrospinal fluid with the exception of that
usedd for the determination of the pressure of the fluid.
All other physieal examinations can be made by the naked
eve.,  The amount of fluid withdrawn can be measured
either in a graduate or it may be estimated, IF the amount
of fluid easily withdrawn from the patient in reeumbent
position exceeds 10 e.e. a pathologie condition should imme-
diately be suspected and the fluid carefully examined.

Color

The color of the fluid furnishes one of the best indieca-
tions of the existence of an abnormal condition. Normal
fluid in its natural state 12 colorless, Anv change in color
ig therefore significant.  The hest wav to examine the
fluid for color is to hold it up against the light with a
background of black or yellow. The glass of the tube eon-
taining the fluid should be thin enough to show the color
clearly and the tube itself should always be kept in the same
position toward the light. Daylight naturally is better for
the obzervation of color than artificial light. The specifie

150
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changes of color in different conditions, in the various types
of meningitis, and in eonditions known as xanthochromia
and in jaundice, will be deseribed under their respective
headings.

Foam

It only five or ten e.c. of fluid is removed the tube con-
taining the fluid should be shaken and watehed for the
formation of foam. The length of time the foam persists
should be observed, and its character noted, as both far-
nish a clew as to the presence and intensity of pathologie
processes,

If more than 10 e.c. is removed, the first tube, containing
2 to 3 e.e., should be put away for various examinations
(Cf. Chapter III). The second tube, containing 3 to 5 c.c.,
should be left undisturbed for pellicle formation. The
third tube, containing preferably between 9 and 10 e.e., al-
though 5 c.e. will also do, should bhe tested for foam for-
mation. After the foam has subsided, the fluid in this tube
may be used for any purpose desired.

Pellicle

In looking for a pellicle, one must be careful not to dis-
turb the fluid. It iz therefore best to put the tube aside
for this purpose, as soon as the fluid is colleeted. As for
the best conditions under which a pellicle will form, no set
rules can be given. Generally, a pellicle will form either
at room temperature or in the cold. My experience has
shown that a pellicle forms more easily at room temper-
ature than on ice. Hence, the tube in which the pellicle is
expected to form should be left at room temperature, ahso-
lutely undisturbed. Another peint is that the pellicle
must be examined not later than twenty-four hours after
the withdrawal of the fluid, as autolvsis often takes place,
so that the pellicle undergoes changes on standing for two
or three days.
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CHEMICAL

Many qualitative and quantitative chemiecal tests have
been used by various scientific workers. Not all of the
tests, however, are necessary or applicable for routine diag-
noztic purposes.

The guantitative determination of urea may be of value,
as urea has been found to be greatly inereased in the cere-
brospinal fluid in ecases of uremia and nephritis and at
times also in arterioscelerosis. However, since the urea con-
tent of the hlood is also greatly inereased in these condi-
tions it 1s best to reserve this test for the determination of
urea in the blood and to keep the fluid for other tests.

The determination of phosphates has not been found
practical because of itz uneertain diagnostie value.

The chemieal examinations of the cerehrospinal fluid for
diagnostie purposes should therefore be limited to albumin
and globulin tests, permanganate index, sugar, and chlo-
rides. In a rapid examination of the flnid all but the gloh-
ulin test may be dispensed with as the globulin increase is
the one factor common to all inflammatory processes,
whereas the sugar and chloride content often remain un-
changed. In making the chemical tests one should make
sure that all the vessels employved are chemiecally clean.

Increase of Protein

A number of gualitative tests have been deseribed for
the detection of an inerease in protein. One is the acetic
acid test of Moritz which consists of the addition of a few
drops of a 5 per cent acetie acid solution to 2 c.e. of cere-
brospinal fluid. If a preeipitate forms, an inerease of pro-
tein 18 indicated. Another one is the nitrie acid test, A
few drops of nitric acid are added to the flnid, and a heavy
cloud i1g produced if the protein content is increased. How-
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ever, neither of these two tests iz employed to any great
extent.

The quantitative protein determination has been used hy
arions workers for the diagnosis of meningitis and other
pathologic conditions. Bybhee and Lorenz employved the
Brandenburger method Tor urinalysis for the determination
of albumin, Mestrezat used a colorimetrie method for this
purpose.  Probably the simplest method for the determi-
nation of albumin in cerehrospinal fluid is the following: A
elass tube, five to six millimeters in diameter and six to
<ix and one-half inches in length is stripped by a piece of
adhesive plaster, or fastened by a rubber bhand to an ls-
bhach albwmimometer. The small tube s filled with cerebro-
spinal fluid to a level corresponding to mark ““U*" on the
Fshach tube, and with the Eshach reagent to a level corre-
sponding to mark ““IR"" on the albuminometer. The two
tubes are allowed to stand for twenty-four hours, and the
amount of precipitate in the small tube iz then read off on
the Esbach albuminometer, the result being expressed in
grams of albumin per liter.

GLOBULIN TESTS

Several globulin tests have heen proposed. Among the
most important of them are the Noguehi, Ross-Jones, Non-
ne-Apelt, the Pandy, and the sulphosalicylic mereurie ehlo-
ride tests. In doing any globulin test one must make sure
at the beginning that the fluid is perfectly free of hlood.
Should there be any blood present in the fluid the globulin
test will be positive even if no pathologic process exists.
The effect of centrifugation on the fluid iz not marked. |
found very little difference between the globulin reaction
of centrifuged and uneentrifuged specimens. The ecells
present in the fluid neither interfered with nor aceelerated
the positiveness of the globulin test. A deseription of the
various globulin tests follows:
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Noguchi

Two-tenths c.c. of cerebrospinal fluid is transferred by
means of a pipette to a small test tube, preferably a regular
Noguchi tube. Five-tenths c.e. of butyrie acid solution (5
c.c. of butyrie acid to 45 c.c. of physiologie salt solution) is
added to the fluid; this mixture is boiled for a few zeconds
and 0.1 c.c. of a 4 per cent aqueous NaOH solution is
poured into it and it is boiled again for a few seconds. If
there is an increase in the globulin of the fluid a fine or
coarse granular, flocenlent deposit is formed in from five
to twenty minutes. If no flocculence makes its appearance
within two hours, or if nothing more than a slight opales-
cence 1s present, it shows that the globulin is not increased.

Ross-Jones

The Ross-Jones test consists of the superimposition of
0.3 e.c. of a saturated solution of ammeonium sulphate upon
an equal amount of cerebrospinal fluid. The ammonium
sulphate solution is prepared in the following manner: 85
grams of ammonium sulphate is put into 100 ec.c. of water
and boiled in an Erlenmeyver flask until no more salt goes
into solution. This is then filtered and used for the
test. If the solution has an acid reaction the results will
not be accurate. If the globulins in the fluid are increased
an opaque ring develops at the point of contact of the fluid
and ammonium sulphate.

Nonne-Apelt

Phase I.—The constituents nused for the Nonne-Apelt test
are the same as those used for the Ross-Jones, except that
equal parts of the cerchrospinal fluid and saturated am-
monium sulphate are mixed instead of being superimposed
one upon the other, A white precipitation forms in three
minutes if the reaction is positive (euglobulin).

Phase II.—The precipitate is filtered, one drop of a 10
per cent acetic acid is now added to the filtrate and the
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mixture iz boiled. A precipitation forms if the reaction
is positive (serum albumin).

Zaloziecki hag modified the Nonne test, Phase I, in that
he uses only 0.5 c.e. of cerebrospinal fluid instead of the
original method of usging 2 e.e. It has been found that 0.5
e.¢. is just as accurate as is 2 c.e.

Kaplan Method

Five-tenths c.c. of cerebrospinal fluid is heated and boiled
twice. Then 3 drops of a 5 per cent =olution of butyrie
acid in physiologice salt =olution is added to the test tube
and ig followed immediately by 0.5 c.e. of a supersaturated
solution of ammonium sulphate. The mixture is now set
aside for 20 minutes. An excess of globulin is indicated by
a thick granular precipitate.

Pandy

One drop of cerebrospinal fluid is added to one c.c. of a
concentrated solution of earboliec acid (1 part of phenol
erystals to 15 parts of water). A bluish white ring or eloud
results if an excess of globulin is present.

Sulphosalicylic Mercuric Chloride Method

One c.c. of cerebrospinal fluid is introduced into each of
two small tubes of uniform height and width, (about 0.3
cm. in diameter) ; into one of the tubes 1 c.c. of a 3 per cent
sulphosalieylie aecid is introduced, and into the other 1 c.c.
of a 1 per cent mercuric chloride. If the fluid is pathologie,
a heavy precipitate forms in the tube containing the sulpho-
salieylie acid; if the fluid iz normal only a slight turbidity
appears. The tubes are then allowed to stand for twenty-
four hours, after whieh the sediment 1in them 1s measured
and compared. Under normal conditions the sediment
found after 24 hours in either of the two tubes is very
slight ; in all suppurative meningitides, however, the precip-



106 CEREBROSPIXAL FLUID

itation with the sulphosalievlie is very heavy, often heing
three times the size of the precipitation obtained with the
mercurie chloride,  In tubereulous meningitis, the opposite
reaction takes place, the precipitation with the merenrie
chloride usnally heing three times ag heavy as that obtained
with sulphosalievlie acid,

Relative Value of the Globulin Tests

It would be well to emphasize the faet that there is no
one test for the diagnosis of pathologie conditions that can
be considered absolutely final.  Furthermore, even all the
tests together are at times unreliable, unless supported hy
additional observations. A eareful worker soon learns that
to make a correct diagnosis he must take into account the
entire picture of the disease gained from hoth elinical and
lahoratory observations. There are so many possibilities
for error in laboratory work that unless one combines the
clinical with the laboratory results, he i= apt fo arrive af
erroneous conclusions, As for the relative value of the dif-
ferent tests, the experience of different workers varies. 1
found the sulphosalievliec merceurie ehloride test the most
helpful echemieal or physicochemical test in the diagnosis
of tuberculons meningiti=.  Early in the course of the dis-
ease when other tests ecould not be depended on for definite
results this test gave a positive reaction in the diagnosis of
tuberculous meningitis. Many of my colleagues report a
similar experience with this test. Of the other globulin
tests, the Noguehi has been found the most reliable. The
Ross-Jones has at times been known to give a negative reae-
tion when the other tests showed a positive reaction. The
Nonne, Phase 1, i not 20 sensitive as the Noguehi or even
the Ross-Jones although with a well-prepared ammonium
sulphate solution the test is fairlv reliable. As for the
Pandy, it is very =sensitive, but at times it precipitates even
normal cerebrospinal fluid so that one is often at a loss to
know what iz the borderline between normal and patho-
logie fluid.,
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The Permanganate Test

The test was deseribed by Maverhofer in 1910 for the
determination of organie substances in cerebrospinal fluid,
the method having orviginally been deseribed by Kubel-
Thiemich for the determination of organie substances in
water. Mayerhofer showed that every cerebrospinal fluid
oxidizes, or, as he termed it, reduces, permanganate, and
that fluid in cases of meningitis has a higher oxidation in-
dex than normal fluids or even those of menimgism.

One c.e. of cerebrospinal fluid is introduced info an Fr-
lenmever flark by an aceurately graduated pipette; 50 e.e.
of distilled water and 10 ec.e. of diluted H.S0, (1 part
H.SO, and three parts 1.0) are added, and the mixture is
brought to a boiling point; 10 e.e. of a decinormal perman-
eanate solution is then imtrodueed into the flask and the so-
lution ig boiled for exactly ten minutes. At the end of this
time 10 c.e. of decinormal oxalie acid is put into the flask,
whereupon the red or vellowish-red eolor turns white. Ti-
tration i now earried on drop by drop from a burette con-
taining the permanganate solution until the color of the so-
lution in the receptacle turns red and remains =o for a num-
ber of minutes. The number of eubie eentimeters of per-
manganate required to produee the end reaction is then
read off and the figure is taken as the permanganate index.
In doing this, one must make certain that 10 e.e. of n/10
permanganate equals 10 c.c. of n/10 oxalic acid. 1t is also
necessary to ascertain how much permanganate 1z required
to oxidize the water and the .50, and this amount should
he subtracted from the number of eubie ecentimeters of per-
manganate required to oxidize the eerehrospinal fluid solu-
tion. For example, if 4 c.e. of n/10 permanganate was re-
quired for the eerebrospinal fluid and 0.5 c.e. permanganate
for water and H.S0,, the 0.5 e.e. should be subtracted {rom
the whole number, leaving the reduction index only 3.5.
Joveri simplified the permanganate test.  He uses 1 c.e. of
cerebrospinal fluid and 1 c.e. of a 1 per eent permanganate
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solution. If the cerebrospinal fluid is normal, there is no
change of color on econtact of the f{luid with the perman-
ganate. In all pathologie fluids, a yellow ring forms on
contact. When the fluid and the permanganate solution
come into eontact, the change in color appears in a few see-
onds or at most in a few minutes. The quicker the reac-
tion, the more pathologie the fluid.

Sugar

The qualitative determination of sugar in the cerebro-
spinal fluid by Fehling’s solution is of no special diagnos-
tie importance as by this method only an absence of, but
not a decrease in, the sugar content can be deteeted.
The quantitative determination, however, is of diagnostic
significance.

Several methods have been employved for sugar determi-
nation, the most accurate one heing the Lewis and Benediet
method, originally deseribed for blood sugar. The tech-
nie¢ 18 as follows: 2 e.e. of cerebrospinal fluid is put into a
25 c.e. volumetrie flask containing 5 c.c. of distilled water,
1) e.c. of gaturated pierie acid golution is added, water filled
up to 25 c.e. and the whole solution is shaken and filtered.
Fight c.c. of the filtrate in duplicate are put into large Jena
test tubes for determination; 2 ec.e. saturated pieric aecid
solution and 1 e.e. of a 10 per eent sodium carbonate solu-
tion are added ; the contents of the tube i1s evaporated over
the flame until precipitation occurs, 3 c.e. of water is
added and the tube heated again to the boiling point, in
order to dissolve the precipitate; the contents of the tube is
now transferred to a 10 c.e. volumetrie flask, cooled, filled
up to the mark with water, shaken and filtered through ecot-
ton into a colorimetrie flask; the color i compared in a
Dubosque colorimeter either with a dextrose standard,
freshly made up every time, or with a permanent standard
consisting of 0.064-mg. pieramie acid and 0.1 gm. sodium
carbonate in 1000 e.c., and the results are caleulated.
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Epstein deseribed a rapid microchemieal method for
the determination of sugar in the blood whieh I believe
may easily be applied also to the cerebrospinal fluid. The
prineiple is the same as that of the Lewis-Benediet method,
except that a permanent standard is used and smaller
gquantities of the fluid to be tested are used. It differs from
the blood sugar test in that in the determination of sugar in
the eerebrospinal fluid, no sodium fluoride or potassium
oxalate has to be used as is the ease in sugar of the blood.
The apparatus consists of the following:

(a) Sahli-Gower hemoglobinometer stand and a gradu-
ated tube.

(b) Two standard eolor tubes, one for measuring quanti-
ties of sugar ranging from 0.05 to 0.1 per cent and the other
for measuring quantities of sugar over (0.1 per cent.

(e¢) A test tube (% by 4 inches) gradunated at 1.0 c.c. and
2.5 c.c.

(d) A special pipette graduated at 0.1 e.c. and 0.2 ec.c.
(As will be seen later, this pipette may be dispensed with.)

(e) A test tube suitable for boiling fluid.

The procedure is as follows: 0.2 ec.e. of cerebrospinal
fluid is drawn up with the pipette of the apparatus or any
other graduated pipetie into the large graduated test tube.
Distilled water is then drawn up into the pipette and dis-
charged into the graduated test tube, till the fluid reaches
the 1.0 e.c. mark; pierie acid is added to the 2.5 e.e. mark,
and the tube shaken vigorously; the contents are filtered
through a small filter, or centrifuged for 2 to 3 minutes; 1
e.c. of the filtrate is now withdrawn, put into the boiling
tube and heated carefully over the naked flame. The con-
tents of the tube is boiled until all but 2 or 3 drops of the
solution is evaporated. Five-tenths e.c. of a 10 per cent
soda solution iz now added and the tube heated again until
the contents are down to a few drops, the color of the fluid
being changed from yellow to deep red or reddish brown.
Three or four drops of distilled water are added and the
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tube warmed gently. The contents are next transferred to
graduated tube 1. The boiling tube is rinsed several times
with a few drops of water, the tube being warmed with
each rinsing. The volume of the fluid is then made up to
mark 50 on the scale. The color of the resulting solution
is mow compared with one of the two standard tubes A or
B. If the fluid tested iz darker than the standard A which
represents 0.05 per cent of sugar, and is lighter than stand-
ard B which represents 0.1 per cent of sugar, the first
standard 15 used for comparizon. The solution in the
graduated tube iz gradually diluted with water until the
color matehes. The percentage of sugar on using standard
A is figured out. Each reading on seale being 1/1000. For
example, if' the reading is 86 then 86/1000 = 0.086 per cent.
If B is used, the figure on the scale is multiplied by 2
divided by 1000,  For example, it the reading is 73, then
1B%2 _ 0146,
1000

I have checked the Kpstein method against the Dubosque
colorimetric with a standard solution of dextrose, The de-
termination by Epstein method usually gave a higher read-
ing of dextrose than the amount originally started with.
The percentage of error, however, was small. I think it
could be accounted for by the faet that the picramic used
by Epstein in the standard tubes loses some of its potency
in time; the result of it being that the solutions to he tested
cave a higher percentage of sugar than the solution really
contained. T have also encountered diffieulty in using the
pipette designated by Epstein for drawing up the fluid.
The lumen of the pipette was too large so that when I sue-
ceeded in getting 0.2 c.e. of cerebrospinal fluid, the fluid
would run out of the tube hefore 1 had a ehanee to empty it
into the test tube. This difficulty, however, was done awav
with by ealibrating my own tubes, using graduated pipettes
and ordimary eentrifuge tubes for that purpose, =o that 1
had a double eheck on the amount used. I let the spinal
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fluid drop down into the centrifuge tubes up to the 0.2 c.e.
mark on the tube, using the same tube for the purpose of
centrifugation.

Chlorides

For the gquantitative estimation of chloride in the eere-
brogpinal fluid, the Seelman method originally deseribed
for the determination of chloride in urine i= the most prac-
tical. It requires only 0.5 e.c. of fluid and the results are
quite accurate.

Two solutions are prepared for the test. Solution 1 eon-
sizts of the following:

Anhydrons, erystallized silver nitrate; (O, P.)..oioivi e 20,055 om.,
850z nitrie acid in distilled water. ..o anlaanvirennsiiws sus 0o, C.e.
Clold saturated solution of ammonioferrie alum in distilled

T e i e s e e S ol B e 510, i
T e e i e v £ i e e 10, e

solution 2 eonsists of':

AT BT TN O AMAEE . . e 010088, 8 o B Ao B ey B s T gm,
B A b e 7 L e e e e R e e S e s 1000 e,

Solution 2 is intentionally made too strong, and must be
standardized by adding distilled water in such an amount
that exactly the last drop of 2 c.e. of this solution will bring
about the end reaction when added to 1 c.e. of Solution 1.
The end reaction conzists of a reddish-brown color, which
does not disappear on moderate stirring. If the second
last drop produees a discoloration which disappears rather
slowly, and the last drop a deep brown eolor, the solution
must be still further diluted, until the dizcoloration on the
addition of the last drop 15 a hght reddish-brown, which
does not disappear on stirring fifteen to twenty seconds,

The test proper is made as follows: 0.5 c.e. of cerebro-
spinal fluid to be tested is placed in a poreelain dish, 1 c.e.
of Solution 1 is then added and the mixture is stirred for
about a minute with a glass rod. Solution 2 is now added
drop by drop by means of a 2 e.e. pipette graduated to at



162 CEREBROSPINAL FLUID

least .05 c.e. and the mixtore is stirved until the brown
color developing atter cach drop disappears. The amount
of Solution 2 whieh has been used to bhringe about the end
reaction 15 now read off, and the difference bhetween this
and 2 is equal to the number of grams of sodium chloride
per 100 c.e. of the specimen tested. It Tor example, it takes
1.26 c.e. of Solution 2 to hring about the end reaction, the
amount of ehloride in 100 e.e. of cerebrospinal fluid equals
2. - 1.26 which equals 0.74 per cent of chlorides.

PHYSICOCHEMICAL METHODS

If determined aceurately, specific gravity, viscosity, sur-
face tension and freezing point, are of some value in eluei-
dating diagnosis of pathologie conditions. However, since
accurate determinations of physicochemieal constants re-
quire a great deal of care and consume a good deal of time,
[ do not recommend most of them for routine lahoratory
use. 1 believe, for instance, that speecifie gravity, to he of
any value, should he determined by a pyvknometer, the de-
termination of specifie gravity by the urinometer method
being very inaccurate, and requiring more fluid than can
he spared even in pathologie conditions. The pyvknom-
eter, however, is a delicate instrument, and consumes a
oreat deal of time in drawing up the fluid withont bubbles,
in weighing the instrument, and also in keeping it at a
constant temperature. 1t is, therefore, hest to leave it out
in ordinary laboratory work.

The determination of the H-ion concentration and of the
alkaline reserve ol cerebrospinal fluid, however, is of
greater value than some of the other physicochemical eon-
stants,  As has been shown in Chapter V the H-ion coneen-
tration and the alkaline reserve varies in the different types
of meningitis especially after the fluid stands uneorked.
This makes it of diagnostic importance to sayv nothing of
the seientificinterest attached to it I would, therelore, ad-
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vize to determine the H-ion coneentration and the alkaline
reserve whenever a sufficient amount ol eerebrospinal fluid
can be spared after other more important tests have been
made. The method for the H-ion concentration in routine
laboratory work, T would recommend, iz that ol Levy-
Rowntree-Marriott.  This method requires only 3 c.e. of
cerehrospinal fluid and very few apparatus. The gas-chain
method, although more exaet, requires 7 to 8 e.e. of fluid
and is highly complicated. The technie of the Levy-Rown-
free-Marriott method 1s as follows:

Three e.c. of eerebrospinal fluid is collected directly from
the lumbar puncture needle, or from another test tube into
a nonsol glass tube. To this 1= added 0.2 e.c. of the in-
dicator which consists of a solution of 0.01 per cent of
phenolsulphonephthalein,  The tube with the eerehrospinal
fuid 1 now compared in a special stand with one of the
series ol sealed standards ranging from a Pu ol 6.6 to a
Pu of 8.6.

If sufficient fluid has been obtained, it iz advisable to de-
termine the H-ion econcentration immediately after the
fluid has been removed from the body and also several
hours later. If no large amount of fluid can be spared, the
H-ion concentration should be determined only once, im-
mediately after the removal of the {luid from the hody. It
must alwavs be kept in mind that the H-ion coneentration
changes on standing and the time factor must be taken into
consideration in order to arrive at any conelusion.

Some anthors have used a dialvzing tube for the deter-
mination of the H-ion concentration of the cerebrospinal
fluid by the indieator method. 1 have, however, found
that with the exeeption of severe cases of epidemie menin-
gitis where the protein content is very high, no dialysis is
necessary and that the result obtained by the indieator
method corresponds quite well with those obtained from
the gas-chain method, especially in Py reading of 7.0 to 8.1
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FFor the determination of the alkali reserve, the Van
Slyke method is the most aceurate and requires the least
amount of fluid.

Lange Gold Chloride Test

The Lange test is a very sensitive one and is quite
helpful in deteeting various forms of syphilis of the nerv-
ous system and often also in discovering the type of
meningitiz. 1t i= a test, however, whieh ealls for extraordi-
nary eare and preeigion on the part of the one who is mak-
g it. To bezin with, the vessels in which the solutions
are used must be perfeetly elean. Secondly, the vessels
must be neutral in reaction. Thus, after the glassware
has been eleaned with bichromate solution, for instance,
sufficient water should be run through the vessels to make
the reaction neutral. The water used in making up this so-
lution must be doubly distilled, and if’ possible, trebly dis-
tilled. The pipettes used for measuring the cerebrospinal
uid and sodium ehloride solution must he acenrately grad-
uated. Great eare must also be taken not to blow the pipette
in emptying the solution, for the introduction of saliva or
carbon dioxide into the solution will greatly interfere with
this dehieate physicochemical reaction. There 1s one point,
however, in which the Lange test requires less precaution
than other fests and that is, in the matter of the time inter-
vening between the drawing of the cerebrospinal fluid and
the application of the test. While in an examination for
pellicle or for the cells of the cerebrospinal fluid time of
standing is a great factor, the examination with colloidal
gold may be made, even alter the cerebrospinal fluid has
heen standing for some time. The solution for the test is
prepared in the following manner:

To 1000 e.e. of doubly distilled water, which 1s heated
slowly to 60° C., 10 c.c. of a 1 per eent gold ehloride solu-
tion and 7 e.c. of a 2 per eent =olution of K.CO, are added.
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The mixture is then rapidly heated to 90° €. The flame is
then removed and 5 e.c. of a 1 per cent formaldehyde solu-
tion is added quickly. The solution should at once assume
a ruby red color. The solution when ready for use should
be transparent, should be neutral in reaction, and
should be precipitated by 1.7 c.e. of a 1 per eent sodium
chloride solution in one hour. The =solution usnally re-
maing indefinitely without spoiling, although it iz best to
keep it in a bottle wrapped in dark paper.

The technie of examining cerebrospinal fluid for the eol-
loidal gold test is as follows:

A series of 10 large test tubes are put in a test tube rack
and numbered. In the first test tube 0.2 c.e. of cerebro-
spinal fluid is poured and to it is added 1.8 c.c. of a 0.4 per
cent solution of sodium chloride. Into each of the other
tubes, 1 c.c. of sodium chloride is poured. The contents of
the first tube are then thoroughly mixed and 1 c.e. of the
amount is poured into the second tube. The contents of
the second tube are then mixed and 1 c.e. of its solution
18 emptied into the third tube. And =o the processes eon-
tinue with all the tubes, until 1 e.e. of the solution in the
ninth tube has been emptied into the tenth tube. The solu-
tion in the tenth tube is then thoroughly mixed and 1 ec.c.
of 1ts contents i1s removed and disearded. This leaves each
tube with a content of 1 e.c. and gives the following series
of dilution 1:10, 1:20, 1:40, 1:80, 1:160, 1:320, 1:640; 1:1280;
1:2560, 1:5120. Five c.c. of the prepared colloidal gold selu-
tion is then added to each test tube and the tubes are put
away and the changes taking place in them observed, Gen-
erally some change ocenrs in a very short time, but it is
best not to attempt to judge the reaction before the lapse of
an hour and it is still better to wait until the next day, for
sometimes it takes 24 hours for a ecompletion of the reaction.
The tubes should he read in daylight as artificial light may
cause a false interpretation of the ehanges.
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Mastic Test

The mastiec test which has been deseribed by Emanuel
has been used by some observers with sueeess  and
those observers recommend it for use in routine exami-
nation of cerebrospinal fluid. The principle is the same
as that of the Lange gold chloride and the advantage
claimed for this test is the faet that the mastie solution
is easily made up, mueh more easily than the gold chloride
solution. Until we get further data on the subject, I would
suggest that between the two tests, the Lange and the mas-
tie, the first is preferable. However, when time permits,
the mastie test should be employved for corroborative evi-
denee.  The teehnie deseribed tor the mastie test is that of
Fimanuel modified by Cutting. The technie follows:

A stoek mastie solution is made by diszolving 10 gm,
of gum mastie i 100 e.e. of absolute aleohol. The solution
is filtered. This stock solution keeps indefinitely if well
corked. To 2 e.e. of this solution 18 c.e. of absolute alcohol
are added, and insufilated rapidly into 80 e.c. of distilled
water, this makes an emulsion of mastic which is opales-
cent when held to the light. This solution can be used im-
mediately or alter several davs; indeed, the reactions seem
to be more easily read when a solution 1s employed which
has stood for at least a few hours.

Next, a 1.25 per cent sodinm ehloride solntion is made
with distilled water, and to each 99 e.c. of this =alt solu-
tion i added 1 e.c. of a 0.5 per cent solution of potassium
carbonate made up with distilled water.

Then six small test tubes are placed in a rack. These
tubes should have heen washed thoroughly in tap water,
then in denatured aleohol, to remove any old mastie adher-
ing to the sides of the tubes, rinsed in distilled water and
dried, conveniently in the hot air oven. To the first tube
1.5 c.e. of the combined salt and potassinm carbonate so-
lutions are added, and to the others 1 e.e. each. Then (1L55
c.e. of spinal fluid is added to the first and after thorough
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mixing, 1 c.e is transferred from the first to the second,
1 e.c. from the second to the third, and o on, the last cubie
centimeter that remains over from the next to the last tube
heing thrown out, and no spinal flnid being put in the con-
trol. Now to each tube, 1 ec. of the mastie solution is
added and stirred thoroughly with a glass rod, eare being
taken to wash the rod with distilled water before going to
the next series. It 1= best to finish each group before he-
sinning another.

The racks are set awav, and in from twelve fo twenty-
four hours the end results ean be read. If the racks are
placed in an imeubator at 37.5° C., the precipitation i com-
plete in from =ix to twelve hours,

CYTOLOGIC EXAMINATION

The examination of the ecells in the cerchrospinal fluid
i= of extreme importance diagnostically and should be in-
cluded in every routine examination of the fluid. There
are essentially two methods of counting the eells; one is the
seciimentation, or French method, and the other is the
counting chamber method.

The French Method of Cell Counting

This method, originally deseribed hy Ravant, Sicard and
Widal, 1s as follows: 3 to 4 c.e. of fluid is centrifuged for
forty-five minutes, The fluid 1= then poured off and a few
drops of the sediment are drawn up into a pipette of small
caliber, and put on a glass shde, making a smear of uni-
form thickness. The slide is dried in the air, fixed in the
flame, and stained with methyl blue or with Wright stain
and examined under the microscope with the high power
or oil immersion lens.  The number in each field is now
read. The results of this exammmation are recorded as
follows:

(1-3 eells per field—normal
t-6i eells per field—suspicious

720 cells per ficld—abnormal
20150 eells per field—markedly pathologie
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Chamber Method of Cell Counting

iither a special counting ehamber for spinal fluid, sueh
as the Fuehs-Rosenthal counting chamber, or the ordinary
lencoevie chamber, such as the Thoma-Zeiss or Neubauer
¢hamber may be used.

The Fuchs-Rosenthal chamber (Fig. 35) is larger than
the ordinary lencoevte chamber, being 16 mm. square and
(.2 1. 1|Er1-]t. whereas the Thoma-Zeisz chamber is only
mm. square and 0.1 mm. deep. (Fig. 54.)

The cells are counted in the following way by the Fuchs-
Rosenthal method: the fluid iz drawn up into a white blood
pipette fo mark 1.0 and then the staining fluid, consisting

Fig. 3l —Fuchs-Rosenthal chamber Fig. - 33, —MNeubauer blood counting
for connting cells in eerchrospinal M. chamber which may be used for cere
hrospaial Miid,

of methyl violet 0.2 gm., glacial acetie 5 e.c. and water to 100
¢.c. 13 drawn up to mark 11. The resulting number gives
the eells contained in "%; mm. The Fuehs-Rozenthal cham-
her also allows the differentiation of the different types of
cells present in the fluid,

In using an ordinary blood counting chamber for count-
ing the cells in cerehrospinal fluid any of the standard
chambers answer the purpose guite well. The =ame solu-
tion used for staining the eells in the Fuchs-Rosenthal
chamber is also used here, namely, methyl violet 0.2 gm.,
elacial acetie 5 c.e. and water to 100 e.c. The methyl violet
is drawn up into the pipette to mark 1.0 and the spinal fluid
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to mark 11. This gives a dilution of 1:10. Since the ruled
surface of the blood counting chamber has an area of 9
square millimeters and the depth of the chamber is Y10 milli-
meter, the total count of the ruled surface will be the amount
contained in the entive volume whieh is %4 cubie millimeters.
To obtain the number of eellz in one eubie millimeter 14 of
the entire cell count has to be added to the mumber found.
Sinee fo ten parts of the spinal fluid, one part of eounting
Huid wasg added the result obtained corresponds to %10 of
the number of cells in a eubie millimeter of pure spinal
fluid. Therefore, in order to obtain the number of ecells
in one canm. of spinal flumid, we have to make allowance
for this by adding % to the result obtained. This gives
the number of cells per eubie millimeter of undiluted cere-
brospinal fluid.
) Example: Let us suppose that the chamber contains 90 eells in its nine
hﬂhj‘:.:*ut|nl1n;_: chamber 8, comm, volume containg 90 eells.

Then le.mm. will eontain 1y x 90 cells = 100 cells.

Im other words, 100 cells are contained in one eubie millimeter of spaee

which contains nine parts of spinal fluid and one part of methyl violeb. In
ten parts of fluid, therefore, we will have 111 eells

Comparative Value of the Two Methods

The centrifuge method of counting the number of cells
in the spinal fluid is open to several rather serious objec-
tions. [irst of all the method is not accurate enongh as it
is not always easy to measure the exact amount of fluid
put into the centrifuge tube. Moreover, the gize of the drop
taken from the sediment of the fluid ean not possibly be
the same at all times. IFurthermore, the foree of centrifu-
gation and the rate of veloeity of the ecentrifuge are im-
portant determining factors. Still another drawback is
the fact that the centrifuge method requires a great amount
of fluid for counting, more than can usually be spared.
For precise results, 1 should therefore, recommend the
use of the blood or fluid counting echamber. However, when
a rough estimate of the number of cells is all that is re-
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quired, the centrifuge method is perhaps the more con-
venient one to use. Another point in its favor is the faet
that it enables one to study the type of the cell on one and
the same shide.

There i= one thing, however, that can not be emphasized
too strongly and that is, that whatever method is em-
ployed, the examiner should thoroughly familiarize him-
selt with it and should us=e it as a standard, so that he can
easily deteet even a slight inercase in the eells of the spinal
fluid. Another thing to remember is that the eells should
he eounted immediately after withdrawal of the {luid from
the body, as they undergo antolysis upon standing,

When the cerebrogpinal (lnid is blood stained, the speci-
men may still be utilized for cell counting, if onlv a rough
count is desired. It is known that under normal conditions
the blood contains one Ivinphoeyte to three lencoeytes. To
obtain the number of Ivmphoeytes, therefore, the white
blood eells in the spinal fluid should be counted and the re-
sult divided by three,

Type of Cells

In doing a differential eell count, eare must he taken to
count only the white eclls and not the red cells or the dé-
bris. When the fluid is turbid as in epidemie or in pneumo-
coceus meningitis, a differential cell count may be made
on the fluid direetly without centrifugation. As a rule,
however, it is best to centrifuge the fluid from fifteen to
thirty minutes through about 1500 revolutions. 1If the
fluid contains only a wvery small amount of protein,
some ege albumin may bhe rubbed on the slide to prevent
the smear from being washed off.  The fluid may be stained
with Wright’s stain, or with - other blood stains such as
Jenner’s, Leischman’s, or eosin hematoxvlin and the eells
counted according to their tyvpe and the eell count ex-
pressed in pereentages.  As a rule; however, no speeial
stain 1= needed for the differential eell count, for usu-
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ally the gram stain shows the cells quite well and also
stains the organisms at the same time. 1t tubereulous
meningitis is suspected, the speeial earbol fuehsin stain
should be used, as it shows the tuberele haeilli and also
stamms the cells well.

BACTERIOLOGIC

One must be very careful in doing bacteriologic work on
spinal fluid, for there are many technical factors that may
interfere with the sueeess of the work. Sueh factors may
be wrong media, insuaflicient length ol time for the or-
ganism to develop, contamination of the media, dirty slide,
overheating of the slide, (protein particles often look like
hacteria) and fanlty stains. At times, I have found or-
ganisms in a spinal fluid smear done by a noviee that did
not belong to the spinal fluid, but were introduced while in
the centrifuge tube, or were on the shide used for a urine
examination.

Culture Media

One drop on a platinum needle or several drops are
planted on a culture medinm. The kind of media to plant
the spinal fluid on depends on the type of organism looked
for. Most organisms grow on plain agar. Meningococei
have given some workers great difficulty in that they do
not grow casily on ordinary media. I, however, have
grown meningococel suceessfully on aseitie dextrose agar
and also sheep blood agar. It is strongly advisable to -
plant every specimen ol cerehrospinal fluid on geveral me-
dia, such as blood agar, aseitie dextrose agar, and glieose
and agar. The culture should be examined microscopically
after twenty-four hours’ incubation, and also after forty-
eight hours, as some organisms do not manifest their char-
acteristies till after forty-eight hours of ineubation.

In addition to the culture media, it iz a good plan to
put the spinal fluid left over in the test tube dirveetly into
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the incubator and to examine it twelve to twenty-four
hours later for organisms, as it has been found that some
organisms, especially the meningococei, will chow up well
after the spinal fluid has been ineubated for several hours.

Direct Smear

Several eubie centimeters of spinal fluid are centrifuged
in a centrifuge tube for several minutes, the supernatent
fluid is poured off and the sediment is put on a shide and
stained. Where suppurative organisms are suspected it is
best to stain with hoth methyl blue and gram stain. When
tubercle baeilli are searched for, the fluid should be al-
lowed to centrifuge at high speed for forty-five minutes
to one hour and stained by the Ziehl-Neelsen method. 1f
there is more than one tube of cerebrospinal fluid, it is ad-
visable to examine the pellicle formed in the tube for tu-
berele baeilli. In my hands this has given good results.
If the spinal fluid is very thick, the smear may be taken
from the uncentrifuged spinal fluid.

IMMUNOLOGIC

Among the immunologic tests in routine cerebrospinal
fluid examinations are agglutination tests for meningococei
and pneumocoeer, precipitin tests of eerebrospinal fluid
with antimeningocoecus serum, the neatralization test for
anterior poliomyelitis, and the Wassermann test. Two ag-
glutination tests have been desceribed for the meningocoe-
cus; the macroscopic and the mieroscopie.

Macroscopic Method

A polyvalent antimeningococens serum which has been
proved by appropriate tests to ageglutinate established
straims ol meningococcus in dilutions from 1:200 to 1 :2000
is used.
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A meningococens culture, preferably only 24 hours old,
crown on aseitie dextrose agar or on blood agar is washed
down with 2 or 3 c.e. of an 0.8 per eent sterile salt solution;
0.2 c.e. of this meningococens emulsion is added to a series

of small test tubes each one containing 0.8 e.c. of various
serum dilutions such as 1:10, 1:20, 1:40, 1:80, 1:100, 1:500,
11000, 1:2000 strengeth., This is mixed and ineubated over-
night (15 to 20 hours) at 56° . Controls of meningococeus

= i = S R RELLIY Tt

] ! .
Fig., 33 —Photograph showing agglutination of meningococo: by the macroscopic method,
A 1':II.=1='\-:-"II: of memnEococci + 13140 ihilvition I anmbimeii g Ciiks  SEFim,
H, Control of emulsion of meningococcr + salt solution,
L |':|i:-'||1|l-|'. of i MiNEaEGecE + a6y chilution of T NEeCOSC IS sSSP,

L 1.|l'|.’_T||::_
I, Emulsion of menmingocoecct + 12640 dilotion  of
o Controd

INDIMENINEocOdClls Serilinl.

emulsion added to 0.8 ec.e. of salt solution are also ineu-
bated. If the culture in guestion is meningococcus, a floe-
culent precipitate will be seen in the tubes containing the
hacterial emualsion and antimeningococens serum, the heavi-
ness ol the precipitate depending on the amount of dilution.

The controls will be free from precipitate. A true menin-



174 CEREBROSPINAL FLUID

A. Agglutination by specific serum,

B. Abgence of agglutination with normal harse serum.

Fig. dfr——Microscopie method of agelutinating meningococei, {‘._L‘m_rﬁcli]f.,l
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vococens 15 completely agelutinated in 1:200 dilution of
polvvalent serum. It is usually also agglutinated in higher
dilutions (Fig. 35). The other gram-negative cocel are nsn-
ally not agglutinated at all and never i greater dilutions
than 1:100. Micrococens flavus sometimes agelutinates in
polvvalent and monovalent meningococeus serum in 1:50 di-
Iutions but may he differentiated from the meningococeus
by its enltural properties,

Fig, 37.—Apglutination of meningococei by the microseopic methed.  (Alagmfication
#00 dinmerers,

Microscopic Method

A more rapid method than the macroscopic for the ag-
glutination of meningocoeei hag been deseribed by Tunni-
eliff.  Eqgual parts of antimeningococens serum, whole hu-
man blood in sodium ecitrate solution (one part of blood to
2 per cent sodinm eitrate in =alt solution), and a suspension
of organisms are inenbated for ten minutes and then
stained and examined. Normal horse serum with a sus-
pension of organisms is used as control.  In the mixture
with normal horse serum there is very little or no clump-
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ing of the meningococcus, while in the mixture containing
antimeningococeus cerum there is decided agelutination
(Figs. 36 and 37). The suspension ol the organisms is
made by adding one or two eolonies of the original eulture
to two or three drops of salt solution. One drop of serum is
drawn up in a bent capillary tube, and the upper point
marked, then an equal amount of citrated blood and later
the suspension of the organisms are drawn up. The con-
tent ol the pipette is now carefully mixed and heated for ten
minutes at 36° C., or left at room temperature for twenty
minutes; after meubation the content is blown out on a
glass slide, spread with cigarette paper and stained unfixed
with carbol thionin or fixed with heat and stained with
methvlene hlue.

Either of the agglutination tests gives good results. 1
would advise that whenever possible both the macroscopic
and microscopie agglutination should be carried out; when
the time is limited the mieroscopie method can be depended
npon.

Agglutination of puneumococel iz utilized to determine
the type of the organism, Type I, Tvpe 11 and Type 111, an-
tipnenmococcus erum heing used for that purpose,

Precipitation of Cerebrospinal Fluid with Antimeningo-
coccus Serum

According to Vineent and Ballot normal cerebrospinal
flnid does not form any precipitate with antimeningococeus
serum, while fluid from meningococeus meningitis is pre-
cipitated, when incubated with antimeningococens serun.

The technie of the test is as follows: The spinal fluid is
centrifuged till it becomes clear. Two to five drops of anti-
meningococens serum are then added to 50 and 100 drops of
the elear spinal flnid. The specimens are incubated at 50°
(. for eight to fourteen hours. I the fluid 1= one of me-
ningococeus meningitis, the mixture becomes turbid. A tube
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containing spinal fluid to which no antimeningococcus se-
rum has been added i1s used as a control.

While other workers have confirmed the observation of
Vineent and Ballot, it has been pointed out that at times
fluids from other tyvpes of meningitis will show the same
reaction with antimeningococeus sernm.  One of the difhi-
culties of the test is that often it is nnpossible to elarify
the spinal flnid of meningococens meningitis even after con-
trifugation for a long period. This test should therefore he
performed only when there is sufficient fluid left over from
other more neceszary tests,

Guinea Pig Inoculation

It is often neeessarv to emplov the inoculation test to de-
cide whether or not the process is tuberculous in nature,

Five to 10 c.e. of cerebrospinal fluid is injected into the
groin of a guinea pig. A month later 0.1 mg. of Old Tuaber-
eulin is injeeted into the axilla of the pig. It the meningitis
12 tuberculous in nature the pig usually dies the morning
alter the injeetion of the tubereulin, Tubereles arve found
postmortem in both the spleen and the inguinal glands,

Neutralization Test

Some authors employ the neutralization test in polio-
myelitis. The technie of this test is as follows: A fatal
dose of active virus is mixed with the suspected fluid ob-
tained during the stage of recovery., This mixture is in-
cubated and injected intracerebrally into a monkey. Fail-
ure of the diseaze to develop in the monkey indicates neu-
tralization of the virus.

The Wassermann Reaction

It is impossible to deseribe all the details of the Wasser-
mann reaction in a =mall volume. 1 shall therefore, limit
myself here to only those Factors in the Wassermann
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reaction that have a special bearing on the subjeet of cere-
brospinal fluid.

Principle.—The blood serum and cerebrospinal fluid of
persons  affected with svphilis containsg syphilitie anti-
bodies. The presence or absence of syphilitic antibodies
in the system is demonstrated by the complement-fixation
test, or the Wassermann test as it is more commonly known.
The substances neeessary for complement fixation are:
antigen, fluid to be tested, and complement.  An antigen is
a substanee which, when injeeted into an animal, eauses the
organism to react by the formation of antibody. The fluid
to be tested supphlies, il positive, the svphilitie antibody,
Complement is a substance present in fresh blood serum
which 18 necessary lor the binding of antigen to anti-
body. The Wassermann reaction is called a complement-
fixation test although it is not really a complement fixation
in the strictest sense of the term unlesz a suspension of
spirochetes 18 u=ed as an antigen,

Different kinds of antigen are used for the Wassermann
test, (a) an aqueons extract of svphilitic liver (original
method) : (b) an alecoholie extract of syphilitie liver; (¢)
an aleoholie extract of normal liver: (d) an aleoholie ox-
tract of heart (either human or beel) reinforced with c¢ho-
lestering (e¢) ether =oluble, acetone inszoluble extract of
heart. At present aleoholie extracts of heart are generally
u=ed as antigen.

The complement consists of blood serum of healthy
cuinea pigs diluted with sterile normal salt =olution.

The amboceptor (antisheep antibody) is contained in
the serum of rabbits mmmunized with washed sheep cor-
puseles,

It the eerebrospinal fluid eontains syphilitic antibodies,
the antigen combines with the syphilitic antibody and the
complement, so that when antisheep amboceptor and sheep
cells are added, the complement is already bound and there-
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Fore hemolysis can not take place.  If there are no
syphilitic antibodies in the fluid, the complement unites
with the antisheep antibody or amboceptor and the sheep
corpuseles and produces hemolyvsis. Table XXXVII shows
the process in the Wassermann reaction ol both syphilitie
and nonsyphilitie cases,

TapLe XXXYVILI

FMOSITIVE NEGATIVE
. Antigen [. Antigen
.i_
Syphilitic Anlibody
+

Complement

1T. Antibody or Antizsheap

Amboceptor

HIII"I"]I 1'|||:'|lu:-€,rE1,‘5

LL. Complement
Antibody or Antisheep
Amboceptor

4
Sheep Corpuseles

The amount of uid uzed for the Wassermann test is not
alwavs the same. Some use as little as 0.2 c.e. of fluid,
whereas others, notably Thomson, use as mueh as 1.0 and
even 1.2 e.e. It has been found that the small amounts do
not give positive results ag frequently as the larger. This
faet, I believe, explains the great number of negative Was-
sermann  reactiont on cerebrospinal fluid by the older
authors who used very small amounts for the tests. On the
other hand, large amounts of cerebrospinal fluid such as
Thomszon advizes are likely to be anticomplementary.,
Schottmiiller s snggestion that various amounts of the flunid
bhe u=zed for the same test, 15, I believe the most commend-
able plan,

Schottmiiller advises the use of a series of Wassermann
tests with fluid varving in amount from 0.2 to 1 c.e. and
with dilutions of salt solution.
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TapLe X XXIX

TUBE | TUEE = TURE TUBE 4  TUBE O

e, (LR ., .0 il

Cerebrospinal Fluid 0.2 0.4 (.16 0.8 1.0
NaCl Solution L5 (.6 .4 0.2

Antigen 1.0 1.0 1.0 1.0 1.0

Complement 1.0 1.0 1.0 1.0 1.0

Amboceptor plus corpuseles 2.0 2.0 2.0 2.0 &.0

It is advisable to carry the amounts of cerehrospinal
fluid even farther than is indicated in Table XXXIX. It is
hest to make the Wassermann test with freshly drawn eere-
brospinal fluid. If the test ean not be made immediately
after the withdrawal of fluid, it should be put away in the
ice box without preservative. The cerebrospinal fluid is

TanLe XL
Exaxixarion oF CERFEROSPINAL FrLuin ror Diagxostic PURPOSES

i
Fery Important
Hinmediate Examinalion For Eraminalion after 24 howrs
Amount Presenee or absence of pellicle
Color
Foam Measurement of sulphosalieyvlie and
Cell Count mereurie chloride sediment.,
Differentinl Count
Cultures Examination of enltures
Dhirect Smear
Noguchi Acglutination
Hoss-Jones

Sulphosalicylic
Mereurie Chlornide
Lange
Wassermann
Clilorides

1
Less I'mportant

Permanganate index
Bugar

H-ion Concentration
Alkali Reserve
Cataphoresiz
Mastic Teost
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not inactivated. Preliminary tifrations must be made on
antigen, complement and amboeeptor hefore the test is set
up. The proper dose of antigen I helieve to be one-fourth
of anticomplementary unit and the proper dose of comple-
ment and amboceptor to he two units each. Control tubes
of the cerebrospinal {luid should be set up with the test.

The cerebrospinal fluid, =alt solution, antigen and com-
plement are incubated for one hour at 37.5° €. Then the
antisheep amboceptor and the sheep corpuseles are added
and the solution is returned to the incubator where it is
allowed to remain from 30 minutes to 2 hours. At the ex-
piration of this time, it is faken out and examined, If
hemolysis is present the test is negative; if there is an inhi-
hition of hemolysis, the test iz positive.
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CHAPTER VII
CEREBROSPINAL FLUID IN VARIOUS DISEASES

Uremia

In uremia the fluid is often inereased both in amount and
pressure, especially il there are convulsions, The cells may
or may not be inereased in number. The ehlorides are of-
ten mereased to 0.8 or 0.85 gm. per 100 c.e. of fluid. The
nrea 12 greatly inereased in amount.  According to Locke-
mann amnd Fith the lactie acid in the fhad is also mmereased
I amount.

Diabetes Mellitus

The cerebrospinal fluid i normal in appearance and pres-
sure in eases of diabetes mellitus. 1t is chemieally nega-
tive in all respeets but in its sugar content, which is greatly
in excesz of normal. Foster found the sugar in the flmd of
12 cases of diabetes to vary between 0.5 per cent and 3 per
cent. My highest finding was 038 per cent. In one case 1
found the sugar content in the cerebrospinal fluid to be
even higher than that of the blood. Acetone and diacetie
acid may alzo be found in large amounts in the cerebro-
spinal fluid of patients suffering with diabetes mellitus.

Chorea

Dupre and Damus found a distinet lymphoeytosis in the
cerehrospinal fluid of a chorea in a hoy of eighteen. Ba-
honneix found a lvmphoeyvtosis in two of five ecases,
Thomas and Tinel found a distinet lvmphoeytosis in a girl
of thirteen, suffering from chorea. They found a similar
condition in two of fonr other patients examined a few
months later. Gatow-Gatovski found a hypertension in
one ease ol chorea.

183
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Richardier, Lemaire and Sourdel found a lvmphoeytosis
in twelve out of fourteen cases and hypertension in ten.
In three cases, svmptoms were somewhat relieved by pune-
ture. A number of Freneh observers found a positive Was-
sermann in chorea and beeause of this finding, areued in
favor of the speeific nature of chorea. Leopold and Bern-
hard found the cerebrospinal fluid in chorea to be normal
in the chemiecal and evtologic tests, In the eases of chorea
that came under my observation, the eerebrospinal fluid
wis normal in all respeets, ineluding the Wassermann.
The cerebrospinal fluid in Huntington’s chorea or hered-
itary chorea is normal in all respeets. The various experi-
ences eited above meline me to the helief that the exami-
nation of gpinal fluid iz of no special value in the diagnosis
of chorea.

Epilepsy

During an epileptie attack the cerebrospinal fluid ig in-
ereased hoth in amount and in pressure.  During the in-
tervals between attacks, both the amount and pressure of
the fluid may or may not be inereased. In epilepsy due to
cerebrospinal lues, the cells and globulin content are in-
ereaged; in idiopathie epilepsy, both the eells and the glob-
ulin content are normal. The same is true of the Wasser-
mann reaction.

Mongolian Idiocy

[n Mongolian idioey the cerehrospinal fuid is often nega-
tive physically, chemieally and bacteriologically,  Steven-
son Found the fluid from a large number of éages to give a
typical luetie gold chloride enrve. Some ol the cases exam-
imed by me gave positive Wassermann and Lange tests:
many ol them, however, gave negative tests. I, therefore,
(o not =subseribe to the view that all eases of Mongolian
idiocy have a luetie origin,  There are some that are luetie
by coineidence only,
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Psychoses

In psyehosis the fluid i1s not unitform. In aleoholie psy-
chosis the quantity of fluid that ean be removed in one sit-
ting is greatly inereased, it often bheing possible to remove
as much as 30 to 40 c.e. easilv. The pressure is greatly in-
ereased in this type of psvehosis, running, as a rule, from
150 to 300 mm. of water in height. The fluid is elear and
colorless; the protein is not incereased, and the eells are usu-
ally normal both in number and type, although oceasion-
allv 1 have noticed an inerease in the cell count ranging
from 26 to 30 eells per cubie millimetor,

A nuwmber of authors who have heen able to detect the
presence of aleohol in the eerebrospinal fluid of aleoholie
psvehosis, suggest that the test for aleohol be used for
diagnostic purposes,

Dementia precox gives a normal fluid as a rule. Rarely
ig the pressure inereased. Paranoia also shows no devi-
ation from the normal. The fluid in general paresis iz not
constant. In the majority of cases the fluid i inereased in
amount and pressure: the eell count is high, 30 to 40 per
cubie millimeter: both the globulin and the Wassermann
tests are positive. In a small percentage of cases, all the
findings are negative with the exceeption of inerease in
amount and pressure of the fluid.

Lues

The findings in the cerebrospinal fluid in acquired lues
depend on whether or not the nervous svstem is involved.
If there is no imvolvement the fluid is negative, ineluding
the Wassermann test. If there is involvement there is an
inerease in the amount of the fluid, in the content of the
protein, and in the number of the cells in the fluid, the
cells being principally lvimphoevtes.  The Wassermann is
also positive,

Nonne speaks of four reaetions in connection with syvph-
ilig of the nervous syvstem: positive  Wassermann reaction
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ol the blood, nercased globulin, Ivinphoeytosis and posi-
tive Wassermann  reaction of  the cerehrospinal  fluid.
Nonne's results may be =ummarized in Table X1

TapLe XLI

WASSERMANN | PHASE | | LYMPIO- | WASSERMANN TEST IN
TEST IN BLOOD | GLOBULIN | CYTOSIS CEREBROSPINAL FLUID
General 1005 B5- 1009 95% 1005 pnmtn[- if large
pairesis Positive "ositive quantities of fluid are
ngiil,
T bhes G0 T E5H-005 T Lt 1005 positive if large
without Positive Positive quantities of fluid are
paresis used,
Cerebro- R0-007% 10075 1009 positive if large
spinal Positive quantities of fluid are
lues , m-.ml

In syvphilis of the nervous svstem the gold ehlorvide test
gives a positive reaction in the syphilitie zone, the reaction
varyving with the tyvpe of the disease. In :-nn-hm:-pilmi
lues the discoloration i in Tubes 1, 2, 3, 4, 5, and 6; ( Fig.
3%) in tabes the discoloration is ineonstant, but is usually in
Tubes 2, 3, 4, and 5 and sometimes in 6. (Figs, 39 and 41.)
In paresis, the discoloration is usually in the first six tubes
and sometimes also in the seventh and eighth, (Figs. 40 and
42.)

TarLe XLII

GENERAL ’ CEREBROSPINAL
PARALYSIS LATES BYPHILIS
Num- Num- Num-
I‘"'T‘ "r 1H"1—“r IJL'E' Tlf
cases | 95 | cases| 95 | eases | %
Marie and Levaditic ... oo 39 i ] (HHEH
Marie, Levaditi and Yamanouchi. .| 30 s
) e ey 43 . 5 (H1] 5 i
Noguchi and Moore..,............| 60 | 73 11 54.5 ti 50
Wassermann amd Plaut. .. .........| 41 S5
Morgenroth and Stertz. . ... ....... 5 |100
| E T R e R e e S 54 ) 4 il
T Er 0T e USRI W N TR 7 i # a0 G 25
e RN i e el e S e 12 GG 6
Marineseo. . .. PO e e 39 04 15 a3
Smith and L-I‘Ill"ﬂr vue | G4 2.1 .
Noguchi, Rosanoff, ami '1"1|'-.l.'m.m... S H7. 3 :
i | | [ 0 i) 5.2 54 10
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The incidence of positive Wasserman reaction in the
cerebrospinal fluid of lues is seen from Table XLII of
Noguehi.

Hydrocephalus

As wasg poinfed out in the chapter on normal cerebro-
spinal fluid, the older writers consgidered the cerebrospinal
Huid of hydrocephalus as normal fluid. Reeent investiga-
tions have corvoborated the truth of this observation.
With the exception of the inerease in the amount of the
cerebrospinal fluid, the fluid of hydrocephalus shows no
chemieal, physicochemical or bacteriologic changes of any
kind. Only infrequently does one find an inerease in the
protein content of hydrocephalic fluid. The amount of fluid
whieh can he withdrawn from the subarachnoid gpace de-
pends on the form of the hvdrocephalus, whether it is in-
ternal or external. If the foramina of Magendie and
Liuschka are blocked, very little fluid may be obtamed by
lumbar puneture. If the conmmunication is open a greaf
deal of fluid may be obtained by lumbar puncture. The
pressure also depends on the amount of cerebrospinal fluid
in the subarachnoid of the cord, being greatly inereased
where there iz free communication,

Spina Bifida

The fluid is usually inereased in amount in this condi-
tion, as iz the protein.

Hemorrhage of the Brain

Cerebrospinal fluid removed soon after the hemorrhage
oecnrs 1= bright red m color due to the admixture of the
blood; and contains many red and white hlood cells.  As
time progresses the cerehrospinal fluid becomes more yel-
low in color and the red eells become less in number.,  The
amount of fluid, as a rule, is not increased. The protein is
inereased duoe to the addition of the protein from the blood.
All other tests are negative.
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Tumors of the Brain

Im tumors of the brain, the amount of eerebrospinal fluid
may or may not be inereased. The protein is usunally not
inereaszed.  Occasionally one finds an inerease in the num-
ber of the cells, all of which are lvinphoeytes.

Compression of the Cord

Compression of the spinal cord gives rise to a number of
manifestations of the cerebrospinal fluid. In tumors of
the eauda equina and conus medullaris the Froin’s syn-
drome usually makes its appearance. The syndrome shows
the following charaeteristies: (1) xanthochromia or vel-
lowish discoloration of the eerebrospinal fluid; (2) massive
coagulation of the fluid: (3) an increased number of
lvmphoevtes,

In tumors situated at higher levels of the cord, there is
an excess of globulin present, but no increase of the cells.
There may or may not be a vellowish digeoloration of the
flnid. In extramedullary compresszion of the cord there is
usually a vellow discoloration of the fluid and an increase
in the globulin, but no inerease in the cells. Diseoloration
of the fluid alone, does not indicate compression of the cord,
as this condition may be due to the presence of an old
hemorrhage of the brain, or even to a puncture of the
plexus of veins surrounding the cord.

Encephalitis

It is difficult to establish a diagnosis of encephalitis dur-
ing life.  After death encephalitis is seen as a feature ol
poliomyelitis, of meningitis, and ol hydrocephalus. The
cerebrospinal fluid in encephalitis, therefore, responds to
the condition 1t accompanies. In poliomyelitis the fluud
shows the changes of this disease; in meningitis it gives the
reactions typieal of the organism eausing the infection. In
encephalitis following acute infeetions diseages, such as
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pertussis and measles, the cerehrospinal fAuid is inereased
i amount and in pressure. The cells are either normal or
slightlv mmercased i munber. The globulins are not in-
ereased, as a rule.  In the recent epidemie of eneephalitis
lethargiea the cerebrozpinal flnid was eolorless and showaed
a slight merease in the cell count and in the elobulin
content,

Meningism

In many infeetious digeases, notably, pneumonia and
grippe and eases of otitis media and also in some cases of
imtestinal intoxication, there are often syvmptoms of cere-
bral irritation, simulating a meningitis, although no bae-
teria are found in the fluid and no meningeal exudate
makes its appearance. Mo eases of this charaeter, 5. Dupré
has eiven the name of meningism.  The fluid in these con-
ditions iz generally  inereased in amount, sometimes
even to the same extent as in a severe case of meningitis.
The pressure ol the fluid is also higher than normal. The
color, however, 1s nnehanged and the number of cells 15 -
creased only slightly or not at all. The globulin as well
as the bacteriologic tests are usually negative. Only occa-
stonally is there an imerease in the globulin and i the cells,
Cantion, however, must be exereized not to make a prema-
ture diagnosis of meningizm in all instanees ol negative
findings of the Auid, for it frequently happens that eases of
tubereulous meningitis and poliomvelitis in the early stages
of the disease, give no other changes in the cerebrospinal
(luid but an merease in the amount of the fHuid.

Tuberculous Meningitis

The amount of flmid in tuberenlous meningiti= varies
with the stage of the disease, heing greater in the initial
than in the paralytie stage. The pressure at the onset
ol the digease is very high, ranging hetween 300 and 700
mi. water i height,  The pressure remains high during
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the irritative =taze but decreases during the stage of coma.
The fluid is usually elear and transparent throughout the
disease, although oceasionally it becomes opalescent; i
shows a heavy foam on shaking., On standing from one
hour to an entire day a pellicle forms, the pelliele being
generally suspended in the center with processes project-
e from its =ides. There i an nerease i the number
ol cells which range from 30 fo 150 per canm., most
of them heing small Ivinphoeytes, although early in the
disease there may be a preponderance of polvmorphonu-
clear leucoeytes.  The protein in the fluid is also greatly
imereased in amount.  The albumin content ranges he-
tween 0.1 and 0.2 per 100 e.e, in adults,  Fibrin and fibrin-
ogen are present in small amounts as is mmdicated by the
presence of the pellicle in the floid.  Albumose and pep-
tone are absent, as a rule, as i= alzo muein.

The fluid of fubereulous meningitis also shows other
variations from normal. The permanganate index is above
2 ax compared with the index in nonmeningitie fluid which
is below 2, The ehlorvides arve lessened in tubereulous men-
imgitis, usnally running helow 0.6 gm. per 100 ¢.c. and some-
times falling as low as 0.5 gm. per 100 c.e. The sugar con-
tent varies, sometimes equaling the amount in normal fluid
and sometimes falling below that of normal.  As a rule,
however, the sugar content ranges between (L5 gm. and 0.6
gm. per 100 e.c. Phosphates, according to Apelt and
Sehumm, are present in amounts varving between 00,0034
and 0.0049 per eent.

The physicochemical constants also show a deviation
from normal. The average density is given as 1,002, al-
thongh m myv eases, | found it to vary between 100626
and 1.00693.

The viseosity varies between 10693 and 1.0694. The
conduetivity is given by Fuehz and Rosenthal as ranging
from 0.097 and 0.0225, with an average of 0.0127. The
[reczing point i= usnally lowered running hetween 0,45 and

(0.53.
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The H-ion concentration averages a Pu of from 7.4 o
7.6 immediately after the removal of the fluid From the body,
with an inerease in the alkalinity npon standing, so that
one-half hour after withdrawal the Py of the fluid becomes
7.7 or 7.8. "Twentyv-four hours after withdrawal the Py
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becomes 8.1, 8.2 or even higher. The alkali reserve runs
parallel with the H-ion concentration.

The gold chloride reactions give a discoloration corre-
sponding to Tubes 5, 6, and 7, sometimes to Tubes 7, 8, or 9.
(Figs, 43 and 44.) The ninhydrin test shows a diseolora-
tion with the fluid of tubereulous meningitis.



Fig, 44, —Lange goll chloride reaction inoa caze of tuberculons meningiis,
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The eataphoresis shows most of the protein moving to-
ward the anode. Upon evaporation long erystals form in
the fluid. The sulphosalievliec mercurie chloride ratio is
marked, the precipitate with mercurie chloride being
three times as great as that of the sulphosalicylic on stand-
ing.

Tubercle bacilli are found in the centrifuged fluid only
alter a eareful search. They are often found more easily
in the pellicle.  Inoculation of the eerebrospinal fluid of
tuberculous meningitis in guinea pigs produces a miliary
tubereulosis in the animal in course of one to six weeks,

From a diagnostie standpoint the following are the most
important changes in the cerebrospinal fluid of tubereu-
lous meningitis: Inerease in amount and pressure, inerease
in the number of cells with a relative Iymphoeytosis, posi-
tive Noguchi, Ross-Jones, and Nonne tests, sulphosalievlie
merenrie chloride ratio, high permanganate index, low
chlorides, Lange curve, and above all the presence of tu-
berele baeilli in the fluid, and the development of tubereles
in guinea pigs after inoenlation.

The following ecase will illugtrate the cerebrospinal fluid
findings in a ease of tubereulous meningitis:

D. H., eleven and one-half yvears of age, entered the hospital eomplain-
ing of ]mm]:u:!m} 'l.'vu]:l]'piin;j:;_r extreme ['mlf-cﬁp:ltiml, :H!nrv:ﬁin, and wenkness,
The onset was slow with vomiting and headache, the vomiting being pro-
jeetile in type. The patient became listless and sleepy. Examination
gshowed marked symptoms of meningeal irritation, A spinal puneture was
performed. The fluid obtained was elear and under marked pressure. The
cell count showed 320 eells per eubie millimeter, 98 per eent of which were
lymphoeytes and 2 per eent polymorphonuelear leueoeytes. The Noguchi
and Ross-Jones globulin tests were :-;h'mlgl_'r Emsitit'c. The permanganate index
was 3.0, The mereurie ehloride sediment was four times the size of the sulpho-
salicylie sediment., The direct smear showed no organisms.  The blood showed
80 per eent hemoglobin, 5400 leucocytes per eubic millimeter, of which, 58
percent were neatrophiles, 20 per cent small mononuclear and 12 per cent large
mononuelear, The Widal reaction was negative, so were the blood enltures.

The ehild became progressively worse and another spinal puneture was done
the next day with practically the same findings as the first specimen with

the additional finding of a pellicle when the fluid was allowed to stand.
A third puncture showed all globulin tests to he positive, the gold
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ehilorvide reaction was also characteristie of tuberculous meningitis, The
patient died after staying twelve days in the hospital. The postmortem
showed a grayvish white, purulent exudate at the base of the brain, meas-
uring 0.5 em, in thickness, the exudate covering the region of the hypo-
physis and the rvight optie nerve. A part of it also extended to the right
of the longitudinal fissure in the region of the parietal lobe. The exudate
ghowed the presence of tubercle bacilli. Caseated glands: were found in the
Lilus of the Innge,

Meningococcus Meningitis

In meningococens meningitis, the amount of the cerebro-
spinal fluid is inereased, and as a rule, 20 fo 40 c.c. can
easily be removed by one lumbar puneture. This inerease
in the amount of the fluid is a constant feature of meningo-
coceus meningitis throughout the disease, Only very sel-
dom does it happen that the amount of the fluid is not in-
creased. Cases of this kind usunally have an ocelusion of
the subarachnoid space somewhere along the tract of the
cerebrospinal stem.

The pressure of the fluid in meningococeus meningitis is
also inereased ranging hetween 300 to 700 mm. water high.
In two of my eases the pressure was as high as 800 mm. of
water.

The color of the fluid of meningococeus meningitis varies
from a slight opalescence at the onset of the disease to a
yvellowish green later in its course. The yellowish green
color is the product of the meningococcus. On standing it
sometimes becomes a pronounced green. The fluid contin-
ues turbid throughout the eourse of the digease. It rarely
happens that the fluid in the early stages of epidemic men-
ingitis is elear and colorless. On standing one-half hour or
longer the fluid forms a sediment that changes i charaeter
with the development of the disease.

(a) In the early stages of the disease, the pelliele is made
up of a yellowish-white network, the reticuli being elose
together and forming an opaque laver. The upper portion
of the network is balloon- or dome-shaped and the base or
lower portion is flattened in appearance. The whole net-
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work resembles a small bursa. It usually does not reach
the upper level of the fluid and generally it is seen inelin-
ing toward one side of the tube.

(b) In the more advaneed stages ol meningitis, the sedi-
ment formation is firmer. It generally spreads out along
one side of the tube in the form of a heavy film.

(e¢) In still more advanced eases, a sediment of yvellow
cranules may be seen attached to one side of the tube.
These granules arve an indication that the disease has pro-
oressed to an advanced stage.

(d) In the very grave cases the sediment is thick and
falls by gravity to the bottom,

LANGE COLLOIDAL GOLD TEST
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Fig. 6. —Case of meningococcss menimgites

When the meningitic process recedes, the pellicle or sedi-
ment takes on a character the reverse of the one that ap-
peared at it formation. The ehemiecal ehanges are marked.
The organic index determined by the permanganate is
high, ranging between 5 and 7. The protein content iz
greatly inereased ranging hetween 1 and 7 per cent. The
Noguehi, Ross-Jones, Nonne and Pandy globulin tests are
strongly positive, A 3 per eent sulphosalievhie aeid solu-
tion gives a heavy zediment on standing, measuring from
10 to 20 mm. in height, while a 1 per eent mercurie ehloride
solution gives a sediment mueh lower than the sulpho-
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salicylie acid. The sugar is usually absent or greatly di-
minished during the active stage of the disease. Lactic
acid is present in the fluid in large quantities. The
chlorides are usually the same as normal, although they
may be present in quantities less than normal.

Among the physicochemical changes that take place in
meningococeie meningitis the following are important:
Cataphoresiz shows that the protein migrates to the eath-
ode pole. The H-ion concentration ig increased and it con-
tinues high for a long time after the removal of the fluid
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Fig. 47.—FPhotomicrograph .;I*.n»;:‘_i:_urfj“gr:-:::lu:llT:I:‘.:;;”_IEi{ninqu!L. cerehrospinal Auid of case of
from the body. The alkali reserve does not run parallel
with the H-ion concentration. The viscosity is 1.0434 fo
1.0735. The gold ehloride test shows the greatest discolor-
ation in Tabes 7, 8, and 9 (Figs. 45 and 46).,

The eytologie changes are distinet. The leucoeytes are
inereased in number, varying from 50 to several thousands
per cubi¢ millimeter, The greatest percentage of the cells
(90 to 98 per cent) is made up of polymorphonuelear lenco-
¢ytes, although the lymphoeytes are also present in greater
number than in normal fHuid.

The bacteriologie findings are fairly constant. A gram-



CEREBROSPINAL FLUID IN VARIOUS DISEASES 197

negative bisenit-shaped organism is usually found in the
direet smear within the leneocevtes, gome being found also
outside of the lencoevtes (Fig 47). The number of or-
canisms found in the smear of epidemiec meningitis 1s not
nearly so great as that found in the smears from pneumo-

Fig. 43 Fwenty I lture o nipgoesocl 1 o1 i |
I el hich ¥ T Tl all mned  Frod o el 0 1211
il hasg b i 157 181 cral 1 il tificinl 1 1 I | IV th 1
i 1% f 155

coecus Muid, Tt sometimes happens that early in the disease
the organisms in the direct smear arve very scanty in num-
hor. bhut after the first or second dose of antimeningococeie
sorum. there is a shower ol organisms in the fluid.
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On ascitic dextrose agar, the meningococel usually grow
in pure culture (Figs. 48 and 49) although it is not al-
ways easy to grow them. The meningocoeei ean he differ-
entiated from the pneumocoeel by the gram stain, the me-
ningococei being gram-negative and the pnenmococel gram-
positive. It is also possible to differentiate the two by the
agelutination test.  On the other hand, it is very difficult to
differentiate the meningococei from other eram-necative
cocel such as gonococeus, mierococeus catarrhalis, and dip-
lococeus mucosus.  However, sinee these organisms rarvely
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Fig. 4%.—Photomicrograph of pure meningococcus culture, Twenty-four-hour growth.

ever produee meningitis it 1s seldom necessary to take them
imto consideration.

Oceasionally it happens that a ease of meningitis shows
meningococel in the cerebrospinal fluid both in the direct
smear and in the eulture, but several days later exami-
nation of the fluid shows both meningocoeei and pneumo-
coccl or pneumococei alone.  Such eases have been re-
ported by Netter and Salonier, by Mathers and by Fitzger-
ald. Two such cases of mixed infection also came under
my observation,
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One mus=t, however, be careful in his staining technie
to avoid reaching erroneous conclusions. Above all,
even when the existence of a mixed infection of me-
ningococeus and pneamococens has been established one
must not negleet giving the patient antimeningococcus se-
rum, as this is the only hope left for him.

After several doses of antimeningococcus serum have
been administered to the patient and the case shows im-
provement, the cerebrospinal fluid gradually ehanges in all
respects, The fluid becomes lesz and less turbid by de-
grees, the color remains vellow because of the eolor of the
serum, but it loses its greenizh tint. The amount with-
drawn at each sitting is smaller than at the height of the
disease; the pressure becomes lower, the protein content
becomes less, and the physicochemical changes grow less
and less distinet. The cells deerease in number and the type
of cell changes from polymorphonuelear to lymphoeyte.
The baeteria also gradually disappear after several doses
of serum.

The following reports give the average findings in the
cerehrospinal fluid of meningococens meningitis:

I. M. G, Fluid eloudy, eell eount 51, differential count 90 per eent poly-
m{:rpimnu{'h-:]r il’,‘ul_f"[':l‘i 04, yrrgllrl:’l, Rl."rz-i:-:-.][]l!['ﬂ, and Kl‘rlm{', pm-‘:iii'l.'{!. Rllliﬂm-
salieylic gives heavy preeipitate, mercurie ehloride prodoces only turbidity.
Sugar 0.01 per cent. No bacteria found in direet smear.

Twenty-four hours later; Gram-negative organism on aseitic dextrose
agar .'L;_{g]llli]lﬁti"}_’ i 1:200 dilution. 3l1||l]lusnfii'}'|iﬂ geddiment measares 20
mm.., mercurie chloride 5 mm,, albumin by modified FEsbach 0.1 per eent,

Fluid examined after administration of 30 c.e. of antimeningococens serum,
—very cloudy. Cell count 218; Noguchi, Ross-Jones, and Nonne positive. Sal-
phosalievlic gives heavy preeipitate, mereurie chloride only turbidity, Sugar
absent., Gram-negative coeei in smear.

Twenty-four hours later: Gram-negative organisms in eulture, agglutinat-
ing in 1:200 dilution, sulphosalieylie sediment 24 mm., mercurie chloride 6
mm., albumin 0.15 per cent,

Fluid withdrawn after adminiztration of 120 e.e. of antimeningococens
gerum, Appearance yvellow, Cell eount 14, Differential count 50 per cent
polymorphonuelears. Globulin  tests slightly positive, Sugar (.07 per cent.
No organisms in direct smear or in eulture,
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II. E. C. Fluid turbid. Cell count 14,000; differential count 95 per
cent  polymorphonuelear; oceasional endothelial cell,  Noguchi, Ross-Jones,
and Nonne positive, Sulphosalieyvlie very heavy preeipitate; mercurie chloride
turbid, Sugar absent. Chlorides 0.6 per ecent. Permanganate index 4.0,
Gram-negative infracellular diploeoeci.

Twenty-four hours later: No growth on ascitie dextrose agar. Albumin
0.15 per cent. Sulphosalieylic sediment 18 mm.; mercurie chloride 6 mm.

Forty-eight-hour report: Gram-negative diplocoeei aggluiinating anti-
meningitie serum in 1:250 dilution.

Pneumococcus Meningitis

In pneumococeus meningitis the cerebrospinal fluid is
greatly inereased in amount, ranging between 20 and 50
e.e. of fluid in one puneture. The ecolor of the fluid
varies according to the stage of the dizease, but as a rule,
it is pearly gray, in contrast to the greenish yellow of the
fluid of meningococeus meningitis. On standing, a heavy
sediment Torms which is usually fibrinous in character, the
amount of {fibrin being greater in the pneumococeie than
im the meningocoecie form,

In pneumococcus meningitis, the amount of protein is
ereatly incereased ranging between 0.1 and 0.7 per cent.
Thus all globulin tests are strongly positive. The amount
of sugar is less than normal and very often iz absent alto-
gether, Chlorides arve generally present in the same amount
as in normal fluid, ranging between 0.6 and 0.74 grams per
100 e.e. of cerebrospinal fluid.

The physicochemical changes are usually the same as
in the meningococeus tyvpe. The eells in the {lnid are nu-
merons, numbering as high as 1000 or more per camm.
The greatest percentage of the ecells are polymorphonu-
clear lencoeytes. The pneumococei which are usually
found with ease in the direet smear are present in great
numbers. At times there are many gram-positive baeteria
in the smear and very few cells.  (Fig. 50.)

The bacteria often are arranged in chains of four or six,
thus making it diffieult to differentiate pnenmocoeens from
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fiw, 51.—Photomicrograph chowing direct smear from cetebrospinal fluid of case ol
mixed streplococens and puedmococons. eningitis,
streptococens.  However, the fluid of pnenmococeus men-
ingitis contains a more fibrinous pellicle than does that of
streptococcus. The eapsule stain is also of assistance n
differentiating between the two bacteria. The final diag-
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nosis, however, must rest on the character ol the culture
and on the agelutinative properties of the organism. At
times, however, there is a mixed pneamococens and strep-
tococens infeetion of the meninges (Fig. 51).

E. B., three gnid one-half muonths nlll, hrml;:hl tin qut[r:i!'.'ll with =a ||iiﬂm'}'
of fever and rigidity of neek of one week's duration, Physical examination
ghowed, in addition to rigidity of neck, o positive Kernig sign, positive Brod-
zinsky and twitehings of the right side of the body. The cerebrospinal fluid
removed by lumbar puneture, was increased in pressure and very turbid, The
coells numbered 1400 per cobie millimeter, of which 52 per cent were poly-
morphonuelear lencoevtes, and 485 per eent were lyvmphocytes.  Noguchi,
Ross-Jones, and Nonne globulin tests were positive.  Sulphosalicylic gave a
heavy turbidity and mereuvie ehloride only a very slight turbadity. The
chlorides were .66 per eent,  Quantitative protein by modified Esbach (0.1
per cent,  The gold eliloride test gave a diseoloration in the seventh, eighth,
and ninth tobes.  The direet smear showed gram-positive, lanceolated organ-
ismg, arranged in pairs, which, however, did not agelutinate with either Type
I, Type I1, or Type 11 antipnenmococens serum.,

The patient became progeessively worse.  Another lumbar puneture was
made twelve honrs later, but only 2 e of very thick eerelvospinal fluid was
obtained. A wventrvicular punetore was thereupon made amd 25 e of cere-
hrospinal fHuid was obtained. The fluid was turbid but not as turbid as that
obtained by lumbar puneture. The cells numbered 150 per eubic millimeter,
the globulin tests were all positive, the chlorides read 0.74 per vont and the
direct smear showed the same organism sz in the first Aoud.

Twenty e, of polyvalent antipneuwmocoeens serum wiag injected into the
vintrele by geavity method. The patient, however, srew eonstantly worse
and died eighteen hours after the injection of the serin.

Streptococcus Meningitis

In my experienee, hemolytic streptococel were found
to be the most frequent type of streptococens producing
meningitis, although many cases of nonhemolytic stropto--
coceus meningitis also ecame to my attention.

The cerebro=pinal fiuid of all forms of streptococens men-
ingitis is very turbid., It is inereased in amount and in
pressure.  The protein content iz also inereased and all
rlobulin tests are positive. The cells are also inereased
and 90 to 95 per cent of them are polvmorphonuelear lenco-
evtes, The streptococei are found in the direet smear (Fig.
21) and in enlture. To differentiate between the tyvpes of
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streptococens, the (lnid should be put on blood agar. The
hemolytie streptocoeer will produee hemolysis,

Influenza Meningitis

This not infrequent form of meningitis gives an in-
ereased amount of {luid which varies in eolor from a shght
opalescence to a distinet vellow., The cells in this condi-
tion are inereased in number and range from 100 to 400
per camm.  As a general rule, the eells are almost entirely
polvmorphonuclears, although oceasionally one may find
as high as 40 to 50 per cent of the cells to be lvmphoeytes,
Gram-negative baecilli are found extracellularly in the di-
rect smear i large numbers.  (Figs. 52 and 533.) However,
a special medivm containing hemoglobin is required to
grow the influenza haeilli.

Colon Meningitis

Colon meningitis, tyvphoid meningitis and gonococeus
meningitis have been reported in the literature. These
conditions are very rare, however. Their findings are the
same as those manifested in other forms of suppurative
meningitis. The diagnosis in these conditions ean he made
upon recovering the bacteria from the cerebrospinal fluid
and culture. It ean alzo be made on the eharaeteristie a
clutination tests.

(¥
e

Byphilitic Meningitis

Chronie syphilitie involvement of the meninges is rather
Trequent, but as a rule remains unrecognized, giving lew
svinptonmz or signs.  Acute svphilitie meningitis is less
frequent, but it does oceur oceasionally and one must al-
ways keep it in mind in eases where a meningitis exists
and where the exeiting oreanisims can not be recovered {rom
the cerebrospinal tluid eulture and where the elinieal svmp-
toms do not justity a diagnosis of either tuberenlous men-
ingitis or poliomvelitis.

The eerebrospinal fluid in acute svphilitic meningitis is
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clear or slightly opalescent. It is moderately inereased in
amount, generally from 15 to 25 e.e. of cerebrospinal fluid at

Fig. 32.—Photomicrograph showing direct smear from cerehrospinal fluid of case of in-
fluensa meningitis.

Fig. 33 —Photomicragraph of pure colture of mBacnza bacillu

one sitting.  The fluid is moderately increased in pressure.
The globulin tests are positive. The eells are greatly in-
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ereased in number, running between 100 to 600 eells per
cithic millimeter, 60 to 80 per cent of the cells are lympho-
evtes. The smears and cultures are negative to bacteria,
but on eareful search with the India-ink method one may
find the presence of Spirochete pallida, The Wassermann
is positive. The Lange gives a reaction in the syphilitie
A0ne.

Cerebrospinal Fluid in Poliomyelitis

e fluid is inereased in anm anging hetween 20 to
The fluid nereased m amount rangmmg between 20 {
20 e.e. at one sitting.

The pressure i= incereased, ranging between 300 to 700
mm, of water in height.

LANGE COLLOIDAL GOLD TEST

sl =l ®

5 Clear

4 Pale Bloe|

— e e e

i Blue i I . 1 l

2 Violet |

1 Red s ¥

0 Rad |

Fig. 34.—Case of epidemic poliomyelitis. First weelk of disease.

It is usnally colorless, only oecasionally being opalescent.
On shaking the fluid, a thick foam is produced which does
not disappear for some time,

The permanganate index is sliehtly above the normal
averaging 1.0 to 2.5, The profein is n=ually inereased in
amount, generally giving positive globulin tests, although
once in a while the globulin tegis are negative.

The gold ehloride fest in the preparalyvtie stage, shows
either no ehange at all, or a change in the luetie zone only.,
(Fig, 54.) Alter the subsidence of the acute svmptoms, from
the second to the twellth dav, the reaction mav be most
prominent in the meningitie zone. The cells in this condi-
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tion are imereased in number, 90 per eent of them heing of
the small, mononuelear type. The inercase manilests itsell
in the preparalyvtie stage and lasts fourteen to sixteen days
after the onset of paralysis. The ecells are greatest in num-
her during the first week after the onset of paralvsis. The
largest percentage of cells (GO to 90 per cent) is of the
small lymphoeyte type, except in the very early stage of
the disease when the predominating eell may hr- the poly-
morphonuelear.

The bacteriology of poliomyelitis is still an open ques-
tion. Flexner and Lewis found a filtrable virng. Mathers,
Nuzum and Rosenow report the finding of a mierococeus
in the brain and cord. Nuzum reports the presence of the
cocens in the cerebrospinal fluid. The organism, accord-
ing to these authors, is grown best on a 1 per eent glucose
hroth medium, imcubated under aerobie conditions,  Other
workers digpute the speeificity of thiz microorganism in
poliomyvelitis. At the present state of our knowledge no
positive diagnosiz ean be made of poliomyelitis by the
fluid findings alone. The history of the ease and its prog-
ress must always be taken into consideration as well,
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CHAPTER VIII
INTRASPINAL TREATMENT

Whenever there is a speecific remedy for a disease of the
central nervous system, it iz of the utmost importance
that the remedy bhe brought into direct contact with the
central nervous system as early as possible. Fven when
no specifie existg, it may be advisable to introduee some
form of medication into the eerebrospinal fluid. The in-
jeetion is made either intraspinally, or intraventrienlarly.

Intraspinal Treatment of Meningococcus Meningitis

The reports of Flexner and his associates, and the ex-
perience of most physicians, have established the faet that
the best and most suecesstul way ol treating meningocoecus
meningitis is by means ol antimeningocoeens serum.  The
mortality of cases of meningitis that received serum has
heen reduced to one-hall, in 2ome epidemies to one-third of
the mortality of eases that received no serum, as is shown
hy Table XLIV from Sophian.

TarLe XLIV
Errror oF ANTIMENINGOCOCCUS SERUM 0N MORTALITY FroM EripEsic
MENiNGITIS

CASES THEATED
WITHOUT SERUM

CASES THEATED WITH SERUM

AT g Pereentioe Percentage

Number Mortality Mortality
Flexner |,y 314 T0-80
Btoiner 2280 37.0 FA
Netter 100 £8.0 49
Dopter w2 16.44 52.14
Levy 165 18.1% 65
Sophian 161 15.5
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The antimeningocoecus serum now in use is prepared by
repeated  injections of  dissolved meningocoeei  (enlture
autolysate meningocoeci extract) into a horse followed by
injections of live meningococens cultures.  The eultures
used are of various strains of meningococel, =0 that the
serum is polyvalent.

The =erum is tested before it is put up in packages, by
one of several methods: the complement-fixation method,
the agglutination test, the opsonin content and the animal
protection test. In England the agelutination test is used
very extensively. In France the complement-fixation
method is the one most generally employved. In Ameriea
all four methods are used by various manufacturers.
MeCov, Wavson and Corbitt of the United States Publie
Health Service, acceept any serum which passes satisfac-
torily, either by an agelutination or complement-fixation
test as a suitable zerum for therapeutie purposes.

The antimeningococcus sernm is usually preserved with
0.2 per cent to 0.3 per cent ol trierezol. The use of this pre-
servative has given rise to a number of objections. IKramer
ageribes some of the deaths that had oecurred after the in-
jeetion ol antimeningococeus serum to the use of trieresol
which he elaims has a very depressing effect on the medul-
lary center. It has been found, however, that of the dif-
Ferent preservatives nsed, tricresol exerts the most marked
hactericidal effect on the baeteria, and is a much less irritat-
g preservative than ehloroform. It 1= therefore used ex-
clusively in this country as a preservative ol antimeningo-
COCCUS SeTTn,

Whenever a case presents itzelf that shows signs and
svinptoms ol meningitis, and gram-negative cocel i the
stear, no time should be lost in injecting the patient
with antimeningococeus serum.  We may even go a step
further and say that whenever a turbid cerebrospinal fluid
s obtained antimeningococens serum should bhe injeetod
immediately on the probability that the case is one of epi-
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demie meningitis,  Of late the infravenous injection has
been advocated, but even when intravenous injection of
serum is employved the serum should he injeeted into the
eerebrospinal eanal alzo if there are indications of the pres-
ence of meningitis,

The following is the technic ol intraspinal injeetion of
serum:

A Tumbar puneture is done with the patient Iving on his
side. (The entire procedure is deseribed in detail in Chap-
ter IIL) If the fluid removed is turbid, 15 to 30 c.e. of
cerebrosgpinal flnid iz withdrawn, the amount depending
upon the pressure of the cerebrospinal fluid and the quan-
tity of serum to be administered. One or two vials of anti-
meningocoeens serum which have heen kept in the refrigera-
tor are warmed in warm water to 93 or 99° F. The vial con-
taining the sernm iz attached to a gravity tube made of
rubber with small styvlet to fit the Iumbar puneture nee-
dle (Fig. 55). The stylet of the gravity tube is now intro-
dueed into the lnmbar puneture needle and the vial is low-
ered slightly to allow the air bubbles that may he present
in the gravity tube to escape. The process of emplving the
vial should take from 10 to 15 minutes. If more than 15
c.c. of serum is to be administered, the second vial is at-
tached to the gravity tube after the first vial has heen emp-
tied, and the fluid allowed to run in, care now being taken
that no air bubbles are allowed to enter the gravity tube
during the removal of the vial.

If the serum does not flow readily into the spinal canal
the vial eontaiming the serum should be lowered to allow
the air hubbles to rize to the surface. If this does not bring
the bubbles to the surface, squeezing the gravity tube may
do it. This should be done very cautiously, however, to
prevent the pushing of air bubbles into the spinal eanal.
If the serum still does not flow into the canal, it iz advis-
able to nuse a small sterile bulh on the vial to press in the
fluid. This proeedure has often given me good results,
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Some authors advise the washing of the spinal canal
with sterile salt solution hefore the injection of the serum.

In my opinion this procedure is neither necessary nor ad-
visable.

Fig. 35.—Instrument for the introduction of antimeningococcus serum by the

Eravity
mieihiod,

As for the dose of serum to be administered at one time,
no absolute rule can he given, Sophian adviges the use of
blood pressure as an index, a marked fall in blood pressure
being an indication to stop the injection of serum. One
may always guide oneself by the amount of fluid removed
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inelining toward the larger rvather than the smaller dose.
For example, it is best to administer 30 c.e. of serum
the first time it it is possible to remove 30 c.e. or more
of eerebrospinal fluid. If not more than 15 or 20 ec.e. of
cerebrospinal fluid ean be removed at one sitting an at-
tempt should be made to introduee 20 ce. of serum, It
unsueeessful, at least 15 e.e. of the sorum should be given.
I believe that the prineiple of diphtheria antitoxin, that as
much serum as possible be given at one time, can be ap-
plied with the same beneficial effects, to the administration
of antimeningococens serumn.

How often the administration of serum iz to be repeated
is also a question that has not vet been definitely decided
upon. However, mueh can be learned from a study of the
cerebrospinal fluid and the eclinical findings in the partie-
ular ease. As long as there are bacteria present and as
long as the cells are numerons and the patient’s temper-
ature ig high, it iz advizable to administer serum twice a
day. It has been my plan to administer 30 c.e. of sernm
the first time, 30 e.c. the second, third and fourth times,
making 120 c.e. in all, irrespective of the cerebrospinal
findings. Then if the temperature continues high and the
cerebrospinal fluid shows the presence of many eells after
waiting one day T administer 30 c.e. additionally even if
no bhacteria are present. 1 then wait two dayvs longer
and if the ease shows no change for the better T adminis-
tor 30 ¢.e. more. The following ease illustrates the method
I usually follow:

March EI_. 191%. 7 Par. P J‘._J e fwo and anc-half yoenrs admitted to
hospital with symptoms of meningitis. (See Fig, 56,  Light line, pulse;
black line, temperature.)

Mareh 24, 8 p.m.  Spinal puncture done, 45 e, of cloudy fluid removed
under inercased pressure and 30 cce. of antimeningococcus serum injeeted.
Cerebrospinal fluid examination showed 353,280 eells per enbie millimeter, 98
per cent of which were polymorphonuelear, Woguehi, Ross-Jones, and Nonne
tests were all positive. Direet smear showed pus eells and gram-negative in-
tracellular diplococei (meningococei).

Mareh 25, 8:30 a.m. Spinal puncture done, 40 ce. of yellowish, elondy-

looking fluid removed under markedly ineressed pressure; 25 e, of serum
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injected.  Examination showed 12,000 cells per eubie millimeter, principally
polymorphonuclears.  Noguchi, Ross-Jones ond Nonne were all positive.
Meningoeoeei were found in direct smear,

Maveh 25, 11:30 pat. Thirty-five ee. cloudy, yellowish fluid removed
under slightly increased pressure and 23 ee. of serum injected, TBouillon
enltures made March 24 showed meningococei,

March 26, Twenty-five c.e. of cloudy fluid withdrawn and 25 e of serum
injected. Few meningococei found in direct smear, no growth appeared on
eultures.

Mareh 27. Thirty e.c. of spinal fluid withdrawn and 25 e.c. of sernm in-
jected,  Examination showed polymorphonuelegrs 85 per cent, lvmphocytes 10
per eent, large mononuclenrs 5 per cent.  Globulin tests positive.  No growth
on eunltures,

March 28, Thirty c.e. serum injeected. No meningococei found in direet
gmear and no growth on enltores,

April 2. Cultures made on Mareh 30 and 31, and April 1 and 2 show no
growth.

The following case T helieve illustrates the fallacy of ad-
ministering antimeningococeus serum in too small doses,

D. B, entered the hospital with a history of restlessness, fever, and con-
vulsions. The cerebrospinal fluid removed on entrance to the hospital showed
352 cells per eubie millimeter, all of which were polymorphonuelears. The
direct smear showed numerous meningoeoeei,  Fifteen ec. of antimeningo-
eocens serum was administered intraspinally and repeated in 12 hours. A
third dose of 15 ec.c. of serum was given the next dav, making a total of 45
e, of serum.  Sinee no organisms could be found in the eevebrospinal fhaid
withdrawn by the third lumbar punetore, the physician decided not to ad-
minister any more serum.  The patient’s temperatore wazs down and she was
discharged from the hospital as cured. Two weeks later the patient was re-
admitted to the hospital with very severe meningenl syinptoms. The cerebro-
gpinal fluid was turbid again and showed meningoeocei, Sufficient serum was
administered this time, The ehild, however, did not imprave. The meningi-
tiz beeame more severe and the patient died from the disease. Tf the patient
had reeecived sufficient sernm, she would moest likely have recovered from the
dizsease and remained well,

If no serum ean be injected into the spinal canal the
serum should be injected intraventricularly, especially in
the case of infants. The procedure consists of the with-
drawal of a eertain amount of cerebrospinal {lnid from the
ventricles of the brain and of the injection into the ven-
tricles of the brain of the desired amount of serum. If no
cevebrospinal (luid can he obtained from either the spinal
canal or ventricles, no attempt should be made to inject



26 CEREBROSPINAL FLUID

serum into the spinal eanal, but should be injected intra-
venously. In adults the brachial vein may be used. In
infants the serum may be injected into the longitudinal
IS,

Untoward Effects of Serum

There are very few complications that follow the injee-
tion of antimeningocoeens serum amnd those that do ocea-
sionally present themselves are not severe enough to coun-
terindicate the use of the serum treatment. Among the
untoward effects sometimes following the injection may he
mentioned:

1. Shoek.

2. Aggravation of disease symptoms—the so-called
serum meningitis.

3. Serum rash.

Shoek oceurs in a small percentage of cases. The symp-
toms consist of respiratory failure and contraction of the
pupils. The skin is usually pale but occasionally there is
a flush of the skin and even an edema. When shoek does
oceur, it ean generally be attributed to the too rapid intro-
duetion or to the administration of too large an amount of
serum, As a matter of prophylaxis it is therelfore important
that the serum be introdueced very slowly and, if possible, in
amounts not larger than the amount of eerebrospinal fluid
removed.  FFor safety’s sake the blood pressure should be
watehed and the serum digeontinued if the pressure fall 1s
extreme. 1t has already been pointed out in the discussion
of Tumbar puncture that it i= dangerous to remove cere-
hrospinal fluid from a patient suspected of suffering with
meningitis in the sitting position, hecause of the risk of pro-
duemg shock and even death. When shoek does oeeur, the
administration of serum should be dizecontinued, and atro-
pine in fairly large doses sueh as 1,300 in a child, and 1,100
to 1750 in an adult should be administered hypodermatically.
Thisg method of treatment has given me very good results,
[t the atropine does not relieve the svmptoms, one c.e. of



INTRASPINAL TREATMENT b

a 1:1000 solution of adrenalin chlovide should he given
hypodermatically. The oceurrence of shock should not
prevent one from introducing serum intraspinally into the
sate patient several hours later. In sueh cases, T would,
however, advise the administration of a dose of atropine
previous to the giving of the serum, so as to prevent the
repetition of the oceurrence,

Aggravation of Symptoms
Cases have been deseribed in which the patient has be-
come more ill after the administration of serum than he-
fore. The exacerbation of symptoms, however, is only fem-
porary and should not arouse any anxiety.

Serum Rash

Antimeningococeus serum, like every other foreign pro-
tein introdueced into the body, oceasionally gives rise to a
rash that makes its appearance several davs after the ad-
ministration of the serum. The rash may be macular or
papular, but it usually oceurs in the form of large blotehes
similar to those of any other serum rash. The eruption,
as a rule, oceurs on the fifth or sixth day after the adminis-
tration of the first dose of serum. It usually starts from
the point of injection of the serum, i.e., from the lumbar re-
gion. It may involve only a portion of the body or the
entire body.,  Severe svimptoms, such as nausea, vomit-
ing and temperature accompany the rash, but they are
generally of very short duration. The appearance of the
rash often arouses a suspicion of the coexistence of an acnte
exanthematous digease such as searlet fever., However, the
history of serum injection and the loealization of the rash
can generally be depended nupon to settle the diagnosis,

Intraspinal Treatment of Pneumococcus Meningitis

Of late the use of antipneumococcus serum has become a
matter of common practice in the treatment of pnewmonia.,
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One would, therefore, he tempted to use the pnenmococens
serum intraspinally in the treatment of pnenmocoecus men-
ingitis.  DBroadbent reports four ecases of pnenmococens
meningitis that resulted in recovery after administration
of antipneumococcus serum.  He, however, gave the serum
to his patient by mouth. Drought and Kennedy consider
intrathecal injection of antipneumocoeceie serum  mixed
with a solution of =odium oleate as the most promising
method of treatment. So far very few eases have been re-
ported in whieh intragpinal injection of antipnenmococceus
serum has been used and of those that have been reported,
none seem to have heen followed with any marked degree
ol suecess.

Pneumococens vaceine has been used mtraspinally by an
Finglish physician in the treatment of pneumococceus men-
ingitis.  He, however, does not report striking results,
either,

Optochin has been administered by some intraspinally
for the treatment of pneumococeus meningitis. 1 saw one
case of pneumococens meningitis in whiel intraspinal injee-
tions in one-half grain doses of optochin (ethyl euprin hy-
drochloride) were made and the patient, a c¢hild of twelve,
recovered. The ease in question, however, had also had
an intraspinal injection of antimeningococeus serum
previously and this may have been a factor in the recovery,
for another case in which optochin was used did not re-
spond Favorably. One needs to see more than one case of
recovery attributable to the use of optochin hefore he ean
endorse itg use.  Those who have used horse serum in-
traspinally do not report anv apparent results from its
use.  In general, then, one can not make any positive
statements about the good effeets of intraspinal treat-
ment in pneumococens meningitis,  IHowever, until some-
thing better can be found 1 wounld advoecate repeated lum-
bar punctures and the injeetion of polyvalent antipnenmo-
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coceus serum, or even ordinary horse serum if no other is
obtainable, into the spinal eanal.

Intraspinal Treatment in Tuberculous Meningitis

Of the numerous remedies advocated and tried for the
treatment of tuberculons meningitis, none have heen at-
tended with sueeess, Weak solutions of earbolie acid, ere-
=0l, 1odine and urotropine have bheen given intraspinally,
Tubereulin in various dilutions has also heen adminis-
tered.  Thus far, neither intraspinal treatment mnor
any other form of treatment has been of any value in tu-
bereulous meningitis. A few cases have been reported in
the literature here and there of tuberculous meningitis re-
sulting in recovery with healed tubereles: however, from
the long list of eases that enlmimated in death, eases re-
ported hoth in the Literature and i hospital records, one
12 inelined to doubt the diagnogis of “*tubereulons menin-
gitis™' in those cases reported as having recovered.

Influenza Meningitis

Flexner describes a serum for influenza meningitis that
iz said to be specifie. T treated several cases with it with-
out any favorable resulls, nor did I find any ecases of in-
fluenza meningitiz reported in the literature as having re-
covered.

Poliomyelitis

The reports of Rosenow and Nuzum speak very optimis-
tically of the serum treatment of epidemie poliomyelitis,
They prepared a serum which they claim is specifie
against the organism found by them in the brain and cord
and also in the cerebrospinal fluid of anterior poliomyelitis.
The entire question, however, of the serum freatment of
poliomyelitis is &till a controversial one, so that it is im-
possible at present to sav just what valuation ean he placed
on the intraspinal treatment of poliomyelitis.
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The Swift-Ellis Treatment

It has been the experience of many workers that the best
results in the treatment of syphilis of the nervous system
are obtained by introducing salvarsan (arsphenamine) or
neosalvarsan (neoarsphenamine) info the spinal eanal. Sal-
varsan or neosalvarsan, however, has too irritating an ef-
Feet upon the meninges, The Swilt-Ellis treatment is there-
fore more efficient.  The Swift-Ellis treatment is based on
the prineiple that the blood serum ol syphilities who have
heen treated with neosalvarsan has a enrvative effeet, and
that the best results are obtained when salvarsanized serum
i= brought into direet contact with the central nervous sys-
tem.  The method 1s as Tollows:

Salvarsan or neosalvarsan in the proper dose is injeeted
into the patient intravenously, usnally into the arm. One
hour later 40 c.e. of blood is withdrawn from the patient
by means of dry svringe and needle and eollected into a
sterile centrifuge tube. The blood is allowed to coagulate.
The following day the serum is eentrifuged for one-half
hour till all the eells are sedimented. The centrifuge tube
must be plugeed with sterile cotton or with sterile rubber
caps to prevent contamination of the sernm.  After centri-
fugation 12 c.e. of serum is carelully pipetted off with a
eraduated pipette. The serum s diluted with 18 ee. of
normal salt solution, making a total of 40 per cent of
erum,  This mixture 1= heated at 567 €. for hallf an
hour. Then a lumbar puncture iz performed, 15 to
30 c.e. of eerebrospinal fluid is removed from the patient
and the 30 c.e. of the serum-sodinm  chloride mix-
ture ig warmed to body temperature and injected into
the spinal canal. Tlere also, as in any other intraspinal
treatment the gravity method of injection should he used,
to obviate the danger of shock, although some introduce
the serum with a Luer syvringe withont untoward effects.
Another precaution to take is to elevate the foot of the bed
oxe hour after the injection. The patient should remain in
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bed for at least one day after the treatment. The treat-
ment is repeated once a week, till the Wassermann, Lange
and globulin tests on the cerebrospinal fluid hecome nega-
tive, which usually takes four to five weeks.

The Swilt-Ellis treatment has many erities.  Sachs, for
instance, claims that marked paresis and tabes are nof
influenced favorably by this form of treatment. Halli-
burton believes that “*the mmtraspinal injeetion of salvar-
san has been abandoned.”” Yet in spite of the various ob-
jections raised the Swift-Kllis treatment has merit and
should be used in seleeted cases of syphilis of the nervous
system. 1 would only emphasize the great care with whieh
it has to be carried out in order not to infect the patient
and therebhy set up a suppurative meningitis.

L

Intraspinal Treatment of Tetanus

When tetanus antitoxin is used as a prophylactic meas-
ure it is usually injected intramuseularly. However, when
the disease is lullyv developed intraspinal injeetion is in-
dicated. Tetanus antitoxin when injeeted into the blood
has been found to appear only in traces i the eerebro-
spinal fluid. When injected divectly into the cerebrospinal
fluid by the mtraspinous method, the serum comes directly
into contact with the tetanus toxin and has a preventative
i not a curative effeet on the tetanus.  Although there are
other wavs of administering tetanus antitoxin, the intraspi-
nal form of administration is one ol the most efficient 1 the
treatment ol tetanus, particularly if emploved in sufficiently
large doses.

The method used in administering the sernm 15 the same
as that emploved for the administration ol meningococeus
serum, namely, the withdrawal of eerebrospinal fluid and
the injection of the serum by the gravity method, in a some-
what smaller amount than that of the fluid withdrawn. For
instanece, if 20 e.e of luid has heen withdrawn, about 15 e.c.
of sermm should be mnjected.  The amount injected may
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range 'rom 15 to 30 c.e. depending upon the gquantity of fluid
withdrawn. The intraspinal administration of serum by
means of a syringe is now rarely emploved in the treatment
of tetanus. Intraspinal injecetions of magnesinm sulphate in
the treatment of fetanus have been advoeated by many
authors, notably Meltzer,

Intraspinal Treatment of Chorea

Chorea has been treated by varions authors by injecting
some substance info the spinal canal of the patient. Lacuna
used intraspinal  injeetions ol  magnesium  sulphate.
Goodman uszed autosernm treatment and Porter n=ed horse
serum.  The intraspinal magnesimm sulphate 1njection
produced no bheneficial rvesults in the eases reported by
[Heiman,  Goodman reported a series of eases which he
claimed were benefited by his autogerum treatment, which
i= administered in the following manner:

The child is put to hed for four days or longer without
medication. At the end of this period 45 or 50 c.c. of blood
18 withdrawn from a vein and rapidly centrifuged. The
supernatant blood serum is then pipetted and kept on iece.
A lumbar punecture 1s made and about 20 c.e. of cere-
brospinal fluid is withdrawn, The blood serum is now
heated to body temperature and 15 to 18 c.e. of serum is in-
jected very slowly into the spinal ecanal. The patient
should be made to retain the recumbent position for at
least one hour after injection. Omne injection is usually
=ufficient.  Oceazionally, however, it iz necessary to give
two, three, or even four injeetions,

Bibliography

Amosz: Notes on The Standardization and Administration of Antimeningo-
eoccie Beramg Jour, A Med, Assn., 1817, Ixix, 1137,

Amoss and Chesney:  Serum Treatment of Poliomyelitis, Jonr. Fxper., Med.,
18T, xxwv, S81.

Broadbent :  Treatment of Poeuwmococeie Menineitis, Brit. Med. Jonr., 1916,
i

Flexner: Experiment:al Cerehrogpinal Meningitis and ifs Serum Treaiment,
Jour, Am. Med., Assn., 1006, xlvii, 560.



INTRASPINAL TREATMENT A

Flexner and Jobling:  Serum Treatment of Epidemie Cerelirospinal Menin-
ritis, Jour. I.:qm Med., 31908, x, 141,

Goodman:  The Auto-Serum Treatment of Chorea, Arch. Pediat,, 1916, xxxiii,
G40,

ioppert :  Ueber Genickstarve, Ergel, der Tuneren Med., 1908, iv, 165.

Jochmann:  Versuche zur Scrodiagnostik und Ser nll'lt"l"'l]'ll{" |l:~r t“]_lh]l."!l't!ll'-tvl.]!t”l"l
Genickstarre, Deutsch, med. 1|-'wlmao'ln oy 1006, xxxit, TEE,

Levinson: Pneumococeus Meningitis, Hlineis Med. Jour,, 1917, xxxii, 270,

MeCoy, Wayson and Corbitt: Poteney of Antimeningoeoecic Serum, Jour,
Am, Mpd, Assn., 1918, lxxi, 246.

Weal and Abramson: A Comparison of Trieresol and Chlopoform as a Pre-
servative in Antimeningitic Serum, Jour, Am. Med, Assn., 1917, Ixviii,
10555,

Nupzum: The Produetion of an Antipoliomyvelitic Serum, Jowr. Am. Med.
Assn., 1917, lxviii, 24,

Nuzum and Willy: Specific Serum Therapy of Epidemie Poliomyelitis, Jour,
Am. Med, Assn,, 1917, Ixix, 1247.

Porter: Intrathecal Injeetion of Horse Serum in the Treatment of Choren,
Am, Jour, b=, Chilil., 1915, xvi, 10,

Rosenow: The Production of an Antipoliomyelitis Serum in MHorses, Jour.
Ani. Med. Assn., 1917, Ixiv, 261,

Sachs:  Trath Abont Imtraspinal Injeetions in Treatment of Syphilis of
Nervous System, Jour, am. Med, Assn., 1917, 681,

Swift: Intraspinal Treatment of Syphilis of the Central Nervous System,
Jour. Am. Med. Assn., 1917, Ixix, 2002,

Swift and Ellis: The Direet Treatment of Syphilitic Diseases of the Cen-
tral Nervous System, New York Med, Jour., 1912, xevi, 53.

The Treatment of Svphilitic Affections of the Central Nervous System,
with Especial Reference to the Use of Intraspinous Injection, Arch, Int.
Med., 1013, xii, 331.



CHAPTER IX
SUMMARY

I have endeavored to show the varied character of the
cerebrospinal fluid in health and in diseaze. In the con-
sideration of normal flnid the following facts were empha-
sized: (1) that the fluid is eolorless; (2) that it circulates
in the cerebrospinal canal; (3) that most of it is absorbed
along the spinal cord and some of it in the cavity of the
brain; (4) that it is impermeable to most chemiecals: (5)
that it exerts a protective function. Even under normal
conditions cerebrospinal fluid is a most complex fluid con-
sigting of Trom 98.602 to 99,124 parts ol water and 0.876 to
1.398 of =olids. The protein content ol the fluid whieh is
very small ranges from 0.013 to 0.07 per cent: the mineral
content, conzisting principally ol chlorides and earbonates,
ranges from 0.850 to 0,950 gm. per 100 e.e. The other ele-
ments contained in the fluid, are in the main, the same as
those found in other body fluids, although the proportions
are different.

I have also pointed out the fact that the H-ion concentra-
tion of normal cerebrospinal fluid is practically the same as
that of the blood (7.4-7.6) and that CO. plays an important
role in governing the reaction of the fluid, running parallel
with the H-ion concentration.

In the discussion of pathologic fluid, 1 pointed out the
fact that there are two types of changes: systemie and men-
ingitie, and that the meningitic changes are gualitative as
well as quantitative and that the former are of as great if
not greater sienificance than the latter. This was demon-
strated by means of the cataphoresis tube, of specifie pre-
cipitation and various other tests,

224
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As to the factors responsible for the gqualitative changes
in various diseases no satisfactory explanation has vet been
offered, but numerous investigations have convinced me
that the changes are intimately associated with the hydro-
gen-ion coneentration. The marked differences noted in
the H-ion concentration of different forms of meningitis
bear out this contention,

In the diseussion of technie I deseribed both the manner
of withdrawing cerebrospinal fluid from the body and the
method of examining it after withdrawal. Particular at-
tention was given to those methods that are simple and
practical enough to be employved by the physician who has
no extensive labhoratory facilities,

Under changes in the cerebrospinal finid in different con-
ditions, 1 pointed out the various ehanges, their diagnostie
significance and their relation to the elinical manifestations
of the disease,

In the chapter on intraspinal treatment [ deseribed
both the methods of treatment definitely established and
those still in the experimental stage.

In conclusion, I should like to call attention to the fol-
lowing lines of research which 1 believe are of fundamental
value in clearing up some of the contested problems in
medicine,

1. The origin and funetion of the cerebrospinal fluid.

2, The chemical and physicochemical changes taking
place in the fluid in various dizeases and the prineiples
underlving these changes. The study of this subjeet will
also shed light on the origin of the cerebrospinal fluid.

3. The chemical and physicochemical relation between
the cerebrospinal fluid and other body fluids, espeecially
blood.

4. The erystallization of the cerebrospinal fluid.

The solution ol these problems will open limitless oppor-
tunities for research not only in the field of cerebrospinal
fluid, but in that of every other body Huid.
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iflnenza meningitis, 2003
lues, 186
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200
poliomyelitis, 207
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tuberculons meningitis, 190
tumor of brain, 189
technie employed, 167
D
Diabetes mellitus, corebrospinal fluid
in, 130, 183
[y puneture, 63

meningitis,

i
Elimination of phenolphthalein from
subarachnoid space, 36
Eucephalitis, cerebrospinal fluid  in,
189
Epilepsy, cercbrospinal fluid in, 1584
Examination of ecerebrospinal fluid,
methids of, 150
basteriologie, 171
culture media, 171
direct smear, 172
chemical, 152
chlorides, 161
globulin, 153
permanganate, 157
protein, 152
sugar, 158
eytologic, 167
Clhamber method, 168
Freneh method, 167
guinea pig inoculation, 177
immunologie, 172
agglutination, 172
neutralization tegt, 177
precipitin test, 176
Wassermann, 177
neutralization test, 177
physical, color, 150
Eonm, 151
pelliele, 151
physicochemical, 162
Lange, 164
Mastie, 166
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Fibrin ferment in eerebrospinal fluid:
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pathologic, 119
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Formation of cerebrospinal fluid, B4
Freezing point of eerchrospinal faid:
normal, 95
pathologie, 132
Funetion of cerelrospinal fuid, 410
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Globulin in eevcbrospinal Quid:
in meningococeus  meningitis,
125, 195

in  pnenmococens  meningitis,
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in poliomyelitis, 205

in  streptococens  meningitis,
202

in tuberculous meningitis, 125,
191

relative value of various tests,
156

tests for, 153
Gilveolytie ferment in normal eerebro-
spinal fluid, 107
Chwinen pig inoenlation, 177, 103
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Hemolvsin in eerebrospinal fluid :
Inek of, in nermal, 108
presence of in pathologic, 147

Hemorrhage of brain, eerebrospinal

fluid in, 188
History of eercbrospinal fluid, 17
Hydrocephalus, cerebrospinal fluid in,
158
Hydrogen-ion coneentration of cere-
brospinal floid:
general consideration of, 96
methods of determination, 163
normal fluid, corked, 102
fresh, 97
old, a7
pathologie, in  meningocoecus
meningitis, 141, 106
in  tuberculous  meningitis,
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Tmmunology, 147
agglutination, 147
methods of, 172
hemolysin, 147
Wanssermann, 148
Influenza  meningitis,
fluid in, 203
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177, 193
Tatraspinal treatment:
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of influenza meningitis, 2190

cerehrospinal
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of meningocovcns meningitis, 208
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of tetanus, 221
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Lange gold chloride test, 137
in ecrebrospinal lues, 186G
in general paresis, 180
in meningoeoeens meningitis,
18
in poliomyelitis, 2035
in tabes, 186
in  tuberculous
192
technie, 164
Location of cerebrospinal fluid, 30
Lunes, cerchrospinal fluid in, 185
Lombeir puneture, 48
history of, 24, 25, 49
indications for, 44
reasons for failure, 63
structures encountered in, 56
teelmie of, 54
measurement of pressure, 64
needle used, 57
untoward effects of, 53

M

Magtie regaction, 137
technie of, 166
Meninges, permeahility of, 38
Meningism, cervebrogpinal  fluid  in,
190
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influenza, 203
meningococcus, 194 (s0e Mo
ningocoeens meningitis)
puenmococcus, 2000 (seo Puoen-
moeorens meningitis)
streptococens, 202
gyphilitie, 2003
tuberculous, 190 {sco Tuberen-
lons meningitis)
Meningoeoceus  meningitis,
spinal fluid in:
amount, 1534
alkali reserve, 1496
bacteriology, 196, 198
chemistry, 196
eolor, 114
eytology, 106
Lange gold ehloride, 146G
pellicle, 194

meningitis,

cerehro-
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Meningococeus  meningitis, eerebro-
spinal fluid in—Cont'd
physicochemieal changes, 196
pressure, 194
sediment, 195
intraspinal treatment, 209
Mongolian idieey, cerebrospinal fluid
in, 184
N
Nentralization test in  poliomyelitis,
177
Ninhydrin reaction, 137
Mormal cerebrospinal fluid, 75
amount, 76
biochemieal properties, 107
chemistry of, 79
table of composition, 81, 92
color, T6
evtology of, 108
physical properties, 76
physicochemieal properties of :
alkaline reserve, 105
conduetivity, 95
freezing point, 95
hydrogen-ion  eonecntration,
of, D
reaction of, 96
refractometrie index of, 06
gpecifie gravity of, 79, 94
surface tension of, 95
viscosity of, 93

0O
Organie  index (see  Permanganate
index of  cerebrospinal
huid )
Origin of eerebrogpinal fluid, 41
P

Pellicle in ecrebrospinal fluid, 118

in  meningoeoceus meningitis,
1h4

in  pneumocoecus  meningitis,
201

in tuberculous meningitis, 191
Permanganate index of ecrebrospinal
fluid, 85
normial, Bi
pathologie, 123
technie, 157
Permeability of meninges, 38
Phenolphthalein, elimination of, from
subarachnoid  space, 30
Plysical chemistry of cerebrospinal
fluid ;
normal, 4
pathologie, 152
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Physiology of eerebrospinal fluid, 30
Prenmococens  meningitis,  cerchro-
spinal fluid in:
agelutination, 202

amount, 200 )
baeteriology, 200
chemical analysis, 200
eolor, 200
pellicle, 201
physicochemieal ehanges, 200
protein, 200
sediment, 200
intraspinal treatment, 217
Polbiomyelitis, cerebrospinal fluid in:
ampunt, 205
bacteriology, 207
eyvtology, 207
Lange gold chloride test, 205
permanganate index, 205
pressure, 205
protein, 205
intraspinal treatment in, 219
Precipitation of cerebrospinal iluid,
125
metallie and alkaloidal, 126
methods, 153
with antimeningoeoeeus serom,
176
Pressure of cerebrospinal fluid:
method of measuring, 64
normal, 77
pathologice, 116
Protein of cerebrospinal fluid:
in meningococens  meningitis,
195
in tuberculous meningitis, 191
metlod of determination, 152
normal, 81, 82, 83, 84, 91
pathologie, 1235
protein charges, 133
Preteolytie power of normal eerehro-
gpinal fluid, 107
Psycehoses, cercbrospinal fluid in, 185

R

formation of ecerebrospinal
fluid, 34
Eegetion of ecerebrospinal fluid:
normal, 96
pathologic, 138
Refractometrie index of normal eere-
brozpinal fluid, 96
=
Seidliment in cerebrospinal fluid, lack
of, in normal, TG
meningococeus meningitis, 195
{see Pellicle)
tubereulous meningitis, 191

Rate of
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Bevum ragh, 217
Hpeeific.  gravity
il :
normal, 79, B4
pathologie, 132
Spina  bifida, eerebrospinal fluid  in,
158
Btreptocorcus  meningitis,  ecerebro-
spinal fluid in, 202
Hugar in cerebrospinal flnid:
methods of determination, 158
norimal, 83, 84 86, 01
pathologie, 120, 130, 183, 191,
156
Surface tension of normal
gpinal fluid, 95
Swift-Ellis treatment, 220
Syphilitic meningitis, 203

L

Tubereulons meningitis, cercbrozpinal
fluid in, 154
amount, 100
cataplhoresis, 1834
chemieal ehanzes, 1491
hydrogen-ion concentration,
158
moculation with, 193
Lange gold chloride, 192
pellicle, 101
permanganate index, 191
physicockemical ehanges, 161
pressure, 180
transparency of, 191
tubercle baeilli in, 193
viscosity, 141

of  cerebrospinal
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Tumors of brain, cerchrospinal fluid
in, 159
Turbidity of eerchrospinal fluid, 131
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lrea in cerebrospinal fluid, 89

eerelwa- |

nommeningitie, 89
normal, 94

| pathologic, 130

Uremia, cerebrospinal fluid in, 183
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normal, 95

pathologie, 132
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Waossermann veaction, 148

in eerchrospinal lues, 1516

in chorea, 184

in gencral paresis, 186

in mongolian idiocy, 184
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in syphilitie meningitis, 203
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