THESIS
for the Degree of M.D.(Edin.) 14972/

- on

FROIN'S SYNDROME

and its Relation to Allied Conditions

in the

CEREBRO-SPINAL FLUID
by

JOSEPH GODWIN GREENFIELD

M.B., Ch.B.(Edin.), M.R.C.P.(Lond.).




On FROIN'S SYNDROME and its RELATION to ALLIED

CONDITIONS in the CEREBRO-SPINAL FLU1D.

The study of the cerebro-gpinal fluid ie a fleld
of investigation which during the present century nas
%ylelded a rich harvest to the neurologist. It has en-

abled him to dlagnose certain progressive diseases of

‘the nervous system at a stage when the patient 1ls
hardly aware that he suffers irom any disability, and
to distingulsh with certalinty between diseases which
_fmay‘present identical pictures. Among the many
changes ﬁhlch the cerebro-spinal fluld may undergo

certainly the most striking to the clinical observer

1s a yellow colouratlon assoclated with the formation
i
i

in the fluid soon after it is received into a test-
tube of a coagulum, which may be.so firm as to allow
of the tube belng turned upside down without a drop of
fluld escaping. ‘This combination of appearances was
described first by Froln in 1903, and in French liter-
ature has since gone under the name of "Syndrome de
coagulation massive et de xanthochromie" or "Syndrome
de Froin". 'he rarity of appearance of this syndrone,
the variety of the cases in which 1t has been found,
and the occurrence of all gradations of change from
normal flulds to those pregenting the ty?ical syndrome
have combined to cdnfuse our knowledge of its aetlol-

iogy and significance. And as far as Britlsh work 1s




concerned; no attempt has been made to egbablian ;ts
pathogenesis or diagnostic value; in fact, beybnd
passeing references, in text books and papers on the
cerebro-spinal fluid, L have been unable to find any
reference to the sgubject in British publications.
American schools have taken up the study of the .. =
cerebro-spinal fluld with greater keenness than has
been shown by the British schools, and several bapers
have recently appeared there on the Syndrome of Froin
which shew intimacy with the continental work on the

sub ject.

_ During the past ten years I have seen several
IEapinal flulds which have presented the typical appear-
ances of the Syndrome of Froin, as well as a very con-
slderable number in which changes of less degree but
slmilar character were present.  These flulds have
been found in a great variety of forms of nervous
disease, and 1n many of the cases I have been able to
establish the diagnosis by following the case to
operatlon or autopsy. <Thieg experience has been suf-
ficlent to enable me to test the value of current
theorles on the evolution of the syndrome, and to

form some opinion as to its diagnostic value. Un-

fortunately I have not been able to do any experi-




mental work on the subject, partly owing to lack of

time, but chiefly to the stringency of the Home

|Office regulations with regard to paraplegia,:-—
| |
lan almost necessary result of operations designed to |

: [

reproduce the conditions giving rise to the syndrome.

The present time is ripe for a critical review of

|
|
|
|
|
|
|

the subject, in that some recent American work; on theé
circulation of the cerebro-spinal fluid, has solved
questions which have long been in dispute, and has

|
|
'thus made 1t more possible to understand the changes |
in the fluld which result from abnormalities in its
circulation. At the same time it must be confessed
that the causation of certain of these changes remains

hidden in an obscurity which can only be cleared away

by work in a more general field of chemical physiology.




HISTORY of the SUBJECT.

In surveying the literature dealing with the
syndrome of Froin it has been considered uselesgs and
tedious to detall every case 1ln which tne syndrome
has been encountered either in: a complete or a modi-
fied rtorm. This has, in fact, recently been done by
Lantuejoul who has brought up to date the cases in
which the syndrome was typically present, and by Raven
who has collected a large :series of cases of spinal
compregsion 1in which the cerebro-spinal fluid showed
similar changes. 1 have therefore considered 1t more
helpful to a proper understanding of the subjecﬁ to
trace the growth of knowledge and theory with regard
to it, recording only the first cases of any special
affection 1in which-the syndrome was encountered. It
has seemed advisable to give some of these observa-
tions at lengtn, especially when the nature of the
digease was doubtful, or where the case presented some
features of special interest as regards the conaition

of the cerebro-spinal fluid.




1) Early Observations.

The presence of fibrinogen in the cerebro~spinal
fluid of cases oi acute meningitis waé observed by
| Furbringer and Netter in the closing years of last
century, but it was not until 1903 that it was found
in more chronic affections of the nervous system. In
this year Jean Lépine first drew attention to tae
Eformation of a coagulum "involving about half the
.fluid“ in the tube, 1n a case dliagnosed as lumbar
rheumatism.

Froin (13%) in the same year published three cases
which he described as "Inflammatione meningées avec
réactions chromatique, fibrineuse et cytologique du
liquide céphalo-rachidien®. The first case was that
of a woman of thlirty-six years who had a paraplegia
apparently of syphilitic origin. Four lumbar punc-
tures were performed on her. The first gave a golden
yellow fluid cdagulating s0lid in the tube within a
few minutes; the second, twelve days later, a slightly
yellow fluid with less dense coagulum; the third, a
fortnight after the gsecond, gave a fluid which was
only slightly yellow and formed a spider's web coag-
ulum after two hourg. The fourth puncture, performed
two months after this, gave a fluid with a very faint

yellow tinge and only a few flakes of fibrin. The




albumen and globulin contents of the fluids obtained
| at the first two punctures were greatly lncreased.
The second case was that of a girl of twenty-.

three who suffered from multiple foci of tubercular

osteltls, and developed in July 1v¥03 slight meningeal
|
symptoms. Sixteen days later a lumbar puncture gave 1

a clear, very yellow fluld with a compact clot. It |
was very albuminous and contained very many poly-
morphonuclear celis. Eight days later the symptoms
had improved, and lumbar puncture gave a clear fluid
yielding a splder's web coagulum and containing an
excess of albumen and globulin. Many lymphocytes and
polymorphonuclear cells were present in the deposit.

His third case was that of a man of forty, who
rapidly developed a paraplegia which began in his legs
and then affected his trunk and arms. The sphincters
were affected. Lumbar puncture seven days after the
onset of the diseage gave a slightly yellow fluid,
which, one hour after withdrawal, gave a copious
coagulum which retracted easily. Albumen and gloh-
ulin were moderately raised and numerous lymphocytes
were present. A gsecond puncture gave a fluid with
simlilar characters,

In the same year, 1903, Babinski (2) described a

case of spastic paraplegla which he dliagnosed as due




to "Méningite haemorrhagique fibrineuse”. It was
probably of syphilitic origin, and was cured by mer-
cury. It was that of a woman of thirty who in Sept-
ember 1902 had pain in the back aﬁd weakness of the
legs, which rapldly increased. In October there was
also weakness of the arms. When seen in the follow-
ing February by Babinskl she showed an Argyll-
Robertson pupil on one side. Lumbar puncture per-
formed by him gave a greenish yellow fluld which
coagulated "en masse" soon after being withdrawn. It
showed numerous lymphocytesi The fluid obtained on
the following day by a second punéture was stirred
with a glass rod immediately it was drawn and did not
clot. A week later a third puncture was performed |
and paler fluid oﬁtained which did not clot., A fort-
night later still the fluid obtained by a fourth.punc-
ture was clear, gave no coaguium and céntained fewer
lymphocytes. Fifth and sixth lumbar punctures wefe
also performed. He conaidered that the condition of
the fluid was due to a special form of meningitis,
which was improved by repeated punctures. He drew
attention to the diminution in the quantity of fibrin-
ogen in the fluid obtained by the second and success-

lve punctures.




In the following year (1904) Cestan and Ravaut (3)|
reported similar changes in the fluid of a case of
flaccid paraplegia. At the autopsy they found a
meningo-myelitis affecting the sacral enlargement of
the cord. The meningitlis at this level had matted
together the membranes and- nerve roots producing a
"véritable symphyse fibreuse des méﬁinges et de la
moelle". ‘Yhey considered that the changes in tae
| fluid were due to haemorrhage complicating meningo-

myelitis.

(2) Occurrence of the Syndrome in Landry's Paralysis

and polyneuritis.

Several writers, however, found that the syndrome
might occur in other conditions than'meningo-myelitis.i
Julius Donath (¥0) in 1905 reported a case diagnosed as
"Landry's paralysis" in which these changes in the
cerebro~spinal fluid were found. 1t was that of a
man of twenty-six who was a heavy drinker, and had
had attacks of malaria since the summer of 1904. In
December 1204 he began to suffer from formication and
weakness in the hands and feet, and about ten days
later had to take to bed. On examination at this time
he showed absence of knee and ankle jerks, but his

‘plantar retlexes were of the normal type. The pupils

- &



‘reacted well and the optic discs and retinae appeared
normal. A few days later hls abdominal reflexes ana
arm jerks disappeared. Hlis speech pecame nasal and
aphonic, and he had faclal weakness especially on the
right side. He developed loss of sensibility to'l
touch in his forearms and hands, aﬁd to tnermal sen-
sation in his legs. Painful stimulli were everywhere
well appreciated. He improved rapidly and left
hosplital in the following lMarch almost completely
recovered. ;

The first lumbar puncture wasg performed at the
end of December, during thé height of the malady. The
fluid camé out at first rose-red, but later was
colourless. This latter half on standing set solid
in the tube like gelatine, "so dass dle Eprouvette
ganzlich umgekehrt werden konnte".

The second lumbar puncture a fortnight later gave
a clear, slightly yellow fluid which flowed down the
sides of the tube like gelatine. it contained albu-
moses.

A similar case in a young miller of nineteen
diagnosed as slcoholic polyneurlitlis, wae described by
Claude in 1909(6).In 19208 he had guffered from painlin
the back and numbness of the legs. In September 1909

he had headache, giddiness, paln in the neck, back and




legs; and also slight delirium. The lower limbs soon
became completely paralysed, and then the upper limbs
were affected to a less degree. On examination all

the deep reflexes were found to be abolished, but

there was no losg of skin sensibility or of sphincter é
control and the plantar responses were of the normal |
down~going type. There was loss of faradic excltabil-l
1ty in the muscles af the legs and to some extent in
Ethe extensors of the wrists and the muscles of the
thenar and hypothenar eminences. Two lumbar punctufes
performed at an interval of six days gave slightly
yellow clear rluids which coagulated "massively" in
the tube. They contained some red cells and a few
leucocytes.

Renon and Monier-Vimard (33in the same year des-
cribed a case of Landry's paralysis with similar
changes in the cerebro-spinal fluid. 1t was that of
a man of thirty-six who in Februéry 1909 developed
tingling and weakness in the lower limbs, and a few
days later in the arme. A week or two later he had a
tingling feeling in the tongue; hie speech became dif-
ficult; he had to hold back his head when drinking,
and could only swallow small quantities of fluide.

On examination he had extreme flaccid weakness

of the 1limbs, but no loss of cutaneous sensibility.
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The sense of position of his liumbs was, however,
grogsly defective. Pressure and palpation of the i
muscles was painful. The deep réflexes were absent.
There was weakneses of the left side of the face; the
speech was monotonous, and the lablals and dentals
poorly articulated. The heart was rather irregular,
glving numerous weak beats which wefe not transmitted
to the wrist. He improved rapidly so that he could
walk with the help of sticks in May, and when seen in |
July had almost completely recoveréed, and showed signs
of return of the deep reflexes.

The cerebro-spinal fluld obtained by lumbar
puncture on the 26th March was clear and limpid but
gave a coagulum after standing for twenty-four hours.%
It was highly albumlinous, but contained no cells, and
Thérou&nne found the albumen to be composed only of
‘serum albumen with no trace of globulin., Fluid ob-
tained by lumbar puncture on 10th May appeared normal.

These three cases of polyneuritis, or Landry'e
paralysis, made it recognised that the syndrome of
Froin could appear in these conditions. The signifi-
cance of this seems to have been missed by the later
writers on the subject, notably by Mestrezat(2§), in

whose theory of the etlology of the syndrome there




seems to be no place for polyneuritis.

(3) "Cavite close" conception of the aetiology of the |
syndrome. g

3
Sicard and Desco ﬁ% in 1908 described a case in

which similar changes were found in the cerebro-spinal
fluid. They noted that a second puncture, performed
within a few days of the first, gave a much less al-
buminous fluid which did not coagulate. A fortnight
later the fluld had resumed the characters of that
obtained at the first puncture. A fourth puncture
two days later again gave a clear fluid without coag-
ulum., At the autopsy they found a mass of fibrous and
caseous tissue in the epldural space at the level of
the eleventh and twelfth thoracic vertebrae, with
thickening of the.dura and of the soft membranes from
the tenth thoracic to the second sacral vertebrae.
The dura was adherent to the arachnoid in some places,
but not everywhere. The condition appeared to be
tubercular in origin but no tubercle hacilli could bhe
found in sections.

Reviewing the changes in the cerebro-spinal
fluid, in relation to the condition found at autopsy,
they considered the meningeal inflammation to be a

necessary butinot sufficient cause for the syndrome,
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the other necessary factor being a process of adhesgion
whereby the plasma and corpuscular elements resulting
from the inflammatlon were retained in a limited
space. Vascular compression and local oedema they
considered adjuvant causes of tne syndrome. They ex-
plained the alterations in degree of the changes in
the cerebro-spinal fluld at the several punctures, by
supposing that fresh cerebro-spinal fluid from above
filtered through the adhesions after the fluid below
them had been drawn off. They laid stress on the value
of the syndrome as an indication of meningitis rather
than of tumour, hut this was soon proved to be erron-
eous.

Rindfleisch@)in 1904 reported three cases of dif-
fuse sarcomatosis of the meninges in which changes in
the cerebro-spinal fluid were found. In two of his
cases the fluld was yellow, contained albumen in in-
creased quantity (0-24% & 0-1%) and gave a deposit of
tumour cells. In the third the rluid was highly al-
buminous, but colourless and showed very few cells.

None of the fluids showed massive coagulation.

Blanchetiére and i.ejonne(3) in 1809 seem to have
been the first to describe the full syndrome of Froin

in a case of gpinal tumour. Thelr case was one of
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slowly developing paraplegia, w;th.sensory loss below
the level of the seventh thoracic segment in a man of
slxty-six. 'The first lumbar puncture gave a lemon-
yellow fluid coagulating "en masse", but containing
very few lymphocytes. Later punctures extending over
a period of sixteen months invariably gave exactly
similar fluids, with no reduction of the tendenéy to
coagulate. They gilve a table oi some of the results
of the examination of the cerebro-spinal fluids ob-
tained at these varlous times which is of sufficient

interest to justify its insertion here.

Date of puncture. 27.10.07, 24.8.08. 30.9.0U8.
Fibrin (parts per 1000) 170 1461 1:63
Globulin 2 8-08 (2725 27-66
Albumen 4 17-42 E

Chlorides " _— 7-39 7°65
Urea s L 0-59

At the autopsy a tumour was found lying under the
dura mater and compressing the cord at the level of
the 7th, 8th and 9th thoracic segments. There seemed
to be some adhesions between the dura mater and the
dorsal surface of the cord, but the membranes stripped
off the cord easlly and there was no meningltis. The

tumour, which was of the form.and size of a large
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olive, gave tne nistologlcal appearances of a very
vascular round-celled sarcoma.

In the same year Derrien, lMestrezat and Roger (9)
published a case of spastic paraplegia with anaesthes-
ia and sphincter trouble, diagnosed as belng due to
subacute meningo-myelitis in the lumbar region of the
cord. The first lumbar puncture gave fluld which came
out very slowly and stopped completeliy after 4 to 5c.c,
nad escaped. It had a bright golden yellow colour and
on standing set "en masse". The serum from this gave
only a slight fibrin web, until fresh guinea-plg ser-
um wag added, when it set again. OUn centrifugalisa-
tion the 1luld gave a deposit of red blood corpuscles
and some lymphocytes. A second puncture a week later
gave fluid at higner pressure, and less yellow, which
did not clot until serum had hbeen added. It contained
0-96% albumen. ‘“The fluid obtained by a third punc-
ture eight days later was only slightly yellow and
gave a thin fibrin clot. It was found to contain
fibrin C-03%7 and albumen 0:6%. A fourth puncture a
weék later gave almost colourless fluld contailning
0+4% albumen ana no fibrinogen. A fifth puncture, a
fortnight later, agaln gave a fluid coﬁtaining a trace

of fibrinogen but no spontaneous coagulation., The




| Tlulds obtalned by the sixth and seventh punctures i |
were similar, but that from the eighth puncture be-
tween which and the seventh an interval of_a month
had been allowed to elapse, was more definitely yel-
low and coagulated spontaneously, glving a splder's
web of fibrin. It contained 1-08% ailbumen.” In these
fluids the glucose content was often increased, two
readings being as high as 0°08% and 0:09%. They con-
sldered that their case was due to a haemorrhagic
meningitls similar to that diagnosed by Froin(/4),
Babingki(2) and Cestan and Ravaut (5) .

In commenting on Blanchetiere and Le jonne's (3)
case they held to the theory of_"cavité cloge" for-
mulated by Sicard and Descomps(36) and considered the
changes 1n the fluid in that case due to transudatlion
of the principles of the plésma from the sarcoma, As
ad juvant factors, they postulated obstruction of the
perivascular sgheaths, and compression of the cord by
the tumour. These several factors, taken together,
would transform the terminal part of the sub-arachnold
space into an 1solated pouch in which the transuded
plasmatic elements would be retained.

This theory was insisted on by Mestrezat (15)in his
monograph on the cerebro-spinal fluid published in
1812. He considered two factors necessary for the

production of the syndrome (1) that the lumbar cul-de-
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sac should be shut off from communicatlion with the
fluld around the upper part of the cord by meningitis,
tumour, or disease of the bories of the spine, and (2)
that there sghould be congestion of the spinal velns
below the level of this block, or alteration of the
veesel walls by inflammatory processes. He did not
insist on the necessity of a process whereby the peri;
vascular channels were sealed up, but noted that sub-
stances such as ilodlides, nitrates, and collargol when
injected into the lumbar theca did not escape from 1it.
He also drew attention to the fact that in all the
cases wnich had been followed to autopsy the level of
the block was low down 1n the thoracic region of the
cord, or at the lumbar enlargement. As has been noted
above, his theory, being based only on cases where the
patholbglcal procesgs had actually béen seen at opera-
tion or autopsy, did not take any account of the cases
of polyneuritis or Landry's pafalysla in which the
syndrome had been found. Cases of these affections
which have come to autopsy have gilven no evidence of
any process which would divide the sub-arachnoid space
surrounding the cord into upper and lower portions, or
which would prevent free circulation of the cerebro-
spinal fluid to the lowest parts of the lumbar cul-de-

gsac, But it 1is concelvable that oedema of the cord or




slight inflammatlion of the menlinges might have thls
affect. If so the block must be only a temporary one
ag 1t has been seen that the fluid in these conditions

rapidly loses 1ts pathological characters.

(5) Changes in the Cerebro-gpinal Fluid in Pott's
Disease.

In 1920 Sicard, Foix and Salin (37)drew attention
to the characters of the cerebro-spinal fluld in Potts
digease. They gave four cardinal signs in the fluid,
which, if present together, they considered pathio-
gnomonic of the digeace. These were (1) yellow col-
ouration (2) excess of albumen without increase of
cells (dissoclation albuﬂino—cytologique) (3) the
presence of albumoses {4) the presence of haewmolysin
to rabbit's red cells; the fluid by i1tself might not
be haemolytic but might require the addition of fresh
gulnea~pig serum. They lalid chief emphasis on the
presence of albumosesg, which they considered to have
the same significance as Bence-Jones albumose 1in the
uflne, and to indicate disease of the bones of the
spine. They did not inslist that this should bé nec-
esegarily tubercular, but considered that albumoses ..
might also occur in malignant disease of the spine,

On the other hand they pointed out that albumoses
wére only found in the flulds which showedthe greatest

changes, and then only at the first puncture. Mestre-




zat in his monograph considered that they were due to
autolysis of the albumen stagnating in an 1solated cul
-de-sac, a theory which would explain why they were
found only in the fluid drawn off by the first punc-
ture. It should be noted that Mestrezat's technique
for the detection of albumoses was rather more deli-
cate and pernaps less rree from error than that adopt-
ed by Sicard and his fellow-workers. Mestrezat per-
formed the biuret reaction, after the albumens had
been removed by the addition of saturated lead acetate
and filtration, and it is possible that thlis filtrate
might have contained a trace of albumen sufficient to
give the biuret reaction. BSicard bolled the cerebro-
spinal fluld after salting it with sodium sulphate,
filtered off the preciplitate and saturated the fil-
trate with ammonium sulphate crystals. If albumoses
were present, they gave a haze which disappeared on
heating and reappeared on cooling. But as saturation
with ammonium sulphate does not show one part in ten
thougand of élbumen, a trace of albumoges could not be
detected by this method.

In the same year Coopgagpublished in America the
report of a case of localised segmental lesion of the
cord from which he obtained clear fluid "of a yellow-

ish brown colour" which gave "a well-marked cobweb
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coagulum”. An operation was performed at which an .
anglo-sarcoma was found pressing on the cord and he
noted “a stfongly marked oedema of the membranes below
the site of the tumour. 'lhe transudate character of
the fluid was thus explained". ''nis appears to be tné
first case published in the English language in which
such a condition was found, and the writer does not

| seem to have had any knowledge of similar cases

published by French obgervers.

f{G)Nonne‘s"Gompreeaion Syndrome".

2 .
Noéﬁg)in 1210 detailed six cases of tumour com-

pressing the spinal cord in which his "Phase 1 reak-
tion" (Nonne-Apelt reaction) wae strongly positive in
the cerebro-spinal fluid without any lymphocyte in-
crease. He did not give any detalils as to albumen

percentages, or tne presence or absence of iibrinogen,

but conslidered tnat excess ol globulin, with no excess
of lymphocytes, was diagnostic ot spinal compression.
The authority oif his name gave thls new syndrome an

importance 1n German literature t6 which 1t was by no
means entitied, and it 1s unfortunate that the term

"Syndrome of Nonne"” or "compression syndrome" should
have been applied to ftluids of this character, which
had previously been tound to occur also in otuner con-

ditions such as polyneuritis.
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In 1912 Raven(3/)in Nonne's clinic collected
forty-seven cases 1n which this "compressgion syndrome"
had been found. He paid little attention tc the pres-
ence or absence of fibrinogen, but noted that a coag-
ulum formed in some cases. He agreed with the theory
of Derrien, liestrezat and Roger () , that the local
compresgsion of the cord isolated the rluid distal to
it from that on its proximal side and considered the
increase of albumen due to transudation from the
blood vesgseleg in the pla-arachnoid which were congest-
ed as a result of the blockage, ("Stauungshyperamic").
The yellow colour was congidered asg probably due to
multiple small haemorrhages but the gtagnation of the
fluid in the lower part of the sub-arachnoid sepace
might contribute to it. He observed also that the
yellow colour in the compression syndrome was often
much more intense than that resulting from cerebral
haemorrhage.

(7)
Punctures above and below the level of the lesion.

In two of his own casges Raven observed that he

got by lumbar puncture a fluid of a deep yellow colour
giving a heavy coagulum with the Nonne-Apelt reactidn,
whereas the fluid obtained by puncture above the site

of tompression of the cord showed ho abnormallty elther




22.

in colour or in globulin content.

In 1913 Marinesco and Radovici(@3) published four

cages observed in Bucharest in which Froin's syndrome | -

was found. In thé first, which was dlagnosed as syph-
1litic menlngo-myelitis, three successive punctures
made in the lumbar region gave yellow fluld which co-
agulated spontaneously. A fourth made between the
eleventh and twelfth thoraclc spines gave fluid of
similar character, but a puncture between the second
and third thoraclic sgspines gave clear fluild which did
not coagulate. They explained the yellow colour as
due to a "local bile formation', from blood corpﬁscles
entering the sub-arachnoid space ih minute haemorr-
hages, and consldered that the albumen was also de-
rived from such haemorrhages.

In the same year Marie, Foix and Robert(2a),
founa a eimilar disparity in the fluids removed from
above and below the lesion in two cases of tubercular
disease of the spine. In a third case, dlagnosed as
intramedullary tumour, no such difference was found.

Marie, Foix and Bouttier(al)returned to the sub-
ject of "double puncture" in the folilowing year, and
in one case found that the fluid removed from above

the lesion was five times as rich in albumen as that




obtained by lumbar puncture. They considered that-
thie result verified the theory of the “cavité cloge”
put forward by Sicard and Descomps énd by Derrien,
Mestrezat and Roger.

During the discuseion of their case Cl., Vincent
stated that ne had found yellow, highly albuminous
flulde in several cases of tumour of the ponto-cer-
-ebellar angle. If in such a case a second puncture
were performed within the next few days the fluid
obtained would be normal or almost so, but if a third
puncture was performed, after an interval of some
weeks, the fluid would again be found to be highly
albuminous. He consldered tnat these facts proved i
- thatthe fluid altered its character after it was
secreted.

It must be remembered that tumours of the ponto-
.cerebellar angle are sometimeg assoclated with tumours
of spinal nerve roots, and it may have been to some
such cases that Vincent referred. At the same time 1t
1s not impossible that these changes might be present
in tne 1luid of cases of solitary eignth nerve tumour,

though I have not personally encountered this.
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(8)
Froin's syndrome in epidemic cerebro-gpinal meningitis,.

In 1915 Duncan Forbes and Adam (3)reported an un-
usual type of cerebro-spinal fluid in some fatal cases
of epidemic cerebro-spinal meninéitls. They sald that
"sometimes in chronic cases which are evidently be-
coming worse ....... one finds the usual cloudy fluid
replaced by a yellow, at times clear fiuid in wnich
organisms may apparently be absent. This yellow iiuid
becomes 11ilke a jelly on standing even for a short time
sssssss 1IN Nno case, in which such fluid has been found
have we had a recovery®.

Recent American literature has contained several
references to the gyndrome of Froin. Mix(27), in 1915,
gave a clinical lecture on a case of spinal tumour 1in
which the gyndrome was-found; in tnis he reviewed,
fairly completely, the French work on the subject.

Hanes (#6)in the following year reported five cuses
of tne syndrome. Two of these are of special interest)
In the first case, which was that of a child of nine
months,with spastic paraplegia, the fluld obtained by
lumbar puncture was the colour of picric acid and co-
agulated massively. It contained great proteld excess
and 16 cells per c.mm, Hydrocepnalus developed later
and fluld of a normal character was drawn from:a

ventricle., = At the autopsy he found a ring of tuber-
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cular tnickening of the meninges round the medulla.

In the second case laminectomy disclosed & cyst
of the pia-arachnoid at the level of the 7th thoracic
vertebra, below which the arachnoidal veins were geen
to be greatly distended and tortuous. Iﬁ this case a
normal fluid was obtained by lumbar puncture six weeks

after the operation.

(9) Experimental production of the syndrone.

In 1913 Salin and Reilly(35)in the course of some
experiments on the passage of antlbodies_from_tne
blood into the cerebro-splnal fluld, reproduced the
syndrome of Froin experimentally. 'l'hey iniecnea a
few drops of an emulsion of tubercle bacilli into the
epidural space of dogs, and produced a tubercular in-
flammation round the dura mater. At various intervals
they tested the blood and cerebro-spinal fluid for
anti-bodles to the tubercle bacillus, by means of the
Bordet-Gengou reaction. In the first experiment they
found that the fluid drawn from the cisterna magna
became albuminous without developing a correspondlng
increase in cells. 1t was found to contain anti-
bodies. In their second experiment they obtained
fluid both from the cisterna magna and by lumbar

puncture, a month after the injection of tubercle
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bacilli. The fluid from the cisterna magna showed a
slight increase in albumen, while that from the lum-
bar theca was very highly albuminous. A similar re-
sult was got from a third experiment.

More recently an attempt was made by Ayer (1) ex-
perimentally to produce the conditions of pressure on
the cord in which the syndrome of Froin may be en-
countered. He 1injected 1-5 c.c. of melted paraffin
(melting point 55°C) ihto the epidural space 0; cats,
and removed fluld from the cisterna magna and lumbar
region of the theca at varying intervals thereafter.
Yellow rluid, coagulating spontaneously, was obtained
by lumbar puncture within twenty-four hoursg of the
operation in two of these experiments. But after the
lapse of several days or weekg the cerebro-spinal
fluid obtalined from both situations was normal. The
result of his 1njections was to cover the outside of
the theca for a conslderable distance with a layer of
paraffin which was never more than 3 m.m. thick, and
to produce a local myelltls of the cord at the site of
injection. The latter effect was probably due to the
high temperature of the "injection mass" and was as-
soclated with the presence of polymorphonuclear leu-

cocytes in the subarachnoid space.
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In a recent paper (1820) Raven (32)collected one
hundred and forty-five cases of compression of the
spinal cord by tumour or by diseasge of the vertebrae
or meninges. From an analysis of these he came to the
following conclusions :-

(1) The presence of increase of globulin content
without any change in colour is uncommon in intra-
medullary tumours and is more common 1n extra- tnan in
intra-dural tumours.

(2) Although xanthochromia is not limited to cases
in which the site of the tumour is low 1in the spinal
canal, it is. more commonly found wlith tumours of thls
region than those compressing the cervical region of
the cord. Casges of increase of the globulln content
Wlthout other change in the fluid decrease in frequen-
cy as the site of the tumour 1is lower in the spinal
canal.

(3) Xanthochromia is no indication as to whether
the tumour is intra- or extra-medullary.

(4) Rapidly increasing severe compression is more
likely to cause xgnthochromia than more slowly pro-
rregssive forms of compresgsion. In this connection he
quotes a case of disglocation of the cervical spine 1in

which a yellow fluid, in which no red blood corpuscles
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could be seen, was obtained by lumbar puncture 24
hours after the accldent.

(o) Spontaneous coagulation 1s found equally in -
extra- and intra-medullary tumours.

(6) The nature of the compression is without bear-
ing on the intensity of the changes in the fluid.

(7) 'The character ot the tumour is without ins
fluence on the developement of the "compression syn-

drome".

In 18230 Lantuéjoul aﬁd Souques (20)described a case
of syphilitic meningo-myelltis presenting the typical
syndrome of Froln, in which very high percentages of
albumen and of fibrin were found. The albumen was es-
timated in two puncture fluids at 4-285% and 4°-205%;
the fibrin at 0°275% and 0-155%. At the same time as
the last lumbar puncture, another puncture was made
between the 9th and 10th thoracic spines. This gave
cerebro-gpinal fluild under slightly lincreased pressure
which contained only 0-045% albumen, the albumen con-
tente of the fluids from the dorsal and lumb&f punc-

tures thus being in the proportion of 1 to 93.
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In this year also Lantuéjoulvﬂin the course of a
review of the syndrome of Froiln found only tanirty-
elght pure cases in the literature, excluding all but
those in which the fluid coagulated spontaneously and
imassively. He noted that not only had lumbar punc-
tures on successive days given, in.certaln cases,
fluids of different composition, but 1n two cases the
colour and nature of the fluld had altered consliderab-
ly as 1t flowed out of the needle; the yellow, highly
albuminous fluid which came tirst being followed by
paler or colourless fluid showing little departure
from the normal, It appeared as 1f, during the punc-
ture, the lower, abnormal fluid had been progressively

diluted by normal fluid from above.
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Personal Observations. ;

During the past two years I have examined three
cerebro-spinal fluids which gave the typlcal appear- |
anceg of Froin's syndrome, asg well as numerous others
which resembled these in yellow colour and notable
increase of albumen, but which either did not coagu-
late at all or not sufficliently "en masse” to Justify
their presentation as true caseg of the syndrome.
They are recorded here in order to illustrate the
EIt.ype of dlsease in which the syndrome occurs and to
throw what light they may on the setiology of the
|changes found in it. For the clinical notes of these

cages 1 am indebted to the clinical staff of the

‘hospltals in which they occurred,

%1. 1TYPICAL CASES of FROLN'S SYNDROME.
i
Case 1. Paget's Disease of the Spine.
=)

V.C., male, age 63, was admitted to the National
Hospital for the Paraljsed under Dr, Kinnier Wilson
in March 1820 with the diagnosis of paraplegia. He
had complalned of weaknese of the legs for one year
and nine months. In the summer of 1918 he had
"grogginess" of the legs which would give way so that

he fell down, but there wés neither pain nor numbness,
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In November 1918 his legs felt heavy and stiff in
walking. By the end of December he had complete
paraplegia with no voluntary power in the lower limbs,
but reflex spasms in them and a feeling as of a band
in the upper part of the abdomen. The doctor dié-
covered that he could not feel at all in the legs. He
never had any pain in the spine, limbs or body.

On admission it was notlced that his spine was
held very rigid, and there was a prominence of thé

9th thoracic spine, but no tenderness or kyphoeis.
There was complete paralysls of the lower limbs and
lower part of the abdomen and the lower intercostals,
with anaesthesia fading away in the region of the 6th
ﬁnd 7th thoracic segments. Ankle clonus was present -
but the knee Jerks were diminished owing to spasticity.
Plantar stimulation gave upward movement of toes on
both sides.

On 17th March lumbar puncture was done and a very
small quantity of yellow fluid was obtained. This
coagulated solid in the tube so that on inversion of
the tube it did not escape. The amount of fluid was
too small (less than 1 c.c.,) for any examination ex-
cept that for cells of which only red blood corpuscles
could be seen. The Wassermann reaction on the blood

performed at the same time was negative.




On 1lth May 1920 an operation was performed at
the level of the 1st to the 4th thoracic vertebrae,
No tumour was found but there was a diffuse thickening
of the lamlinal arches. No pulsation was visible in

the dura mater covering the cord until after the lam-

inectomy had been increased upwards.

1

The patient died shortly after the operation. An|

autopsy limited to the spine was performed about
twelve hours after death. At the level of the lam-
inectomy the vertebral laminae looked rather thicker
and cut more easily than normal. Below thig level the
thickening and increased softness of thé laminae he-
came progressively more evident, so that in the lower
thoraclic and upper lumbar regions the bone could be
picked awéy with dissecting forceps. The thickening
of the bone caused narrowing of the spinal canal, 8o
that the dura mater was everywhere in contact with

the bone, to which also it was abnormally adherent all
over, The cord was removed and appeared normal., 1t
was then seen that a small nodule projected backwards
from the lower part of the body of the 8th thoracic
vertebra. A smaller nodule of similar character was
seen on the body of the 6th thoracic vertebra. At

the lower end of the 10th thoracic vertebra the spine

had a sharp concavity as though the body of the 1lith
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thoracic vertebra had been displaced forwards. Thils
body was shorter than those of the other verfebrae.
Below this level the contour of the spine was rather
irregular. No eign of thickening of the tibiae or
femora could be made out and no thickening or bossing
of the skull, but a dissection of these parts was not
allowed, ) s

lMiicroscopically the laminae showed great rari-
faction of the bony trabeculae with numerous large
osteoclastic cells in contact with them.. The tissue
spaces were abnormally wide, and vwere filled with
|myxomatous cells with oval or elongated nuclei and
long fine branching processes. There was alsgo a
sprinkling of small rounded lymphocyte-like cells
through the interstitial tissue, and in some places

collections of blood-forming marrow cells. The

L

Fig.l. Sectloh of laminae
thinning of bony trabeculae and in one place am area,
of red bone marrow,.

removed at autdpsy, showing
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Cage 2. Carcinoma of the Spine.

Annie F., age 45, was admitted to the National
Hospital for the Paralysed on 6th September 1919

under Dr. Holmes, complaining of loss of use of legs

of one year's duration. This came on wlth gevere paiﬂ;
in the bottom or tne pack which, however, had passed |
off. The left leg was affected in May 1918, the

right in the following September; by November 1918

she had complete loss of power of movement in both
legs.

On examination she showed a nodular tumour of
lett breast with a gland in the axilla. She was com-
pletely paraplegic in flexion with involuntary flexor
spasms, and very slight power of movement, Sensation
to cotton wool was lost completely between the 4th
lumbar and the 2nd sacral segmentg with increased loss
for two segments above this, but there was no loss in
the 3rd ana 4th sacral segments. Sensation to pain
and temperature were dulled over the same area, and
there was loss of sense of movement of the ankles.

The left epigastric reflex was obtained but no other
abdominal reflexes. ''ne knee Jjerks were diminished,

the ankle jerks brisk with a tendency to ankle clonus.

Stimulation of the sole of the root gave an upward
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movement of the great toe on both sides.

On the 8th September lumbar puncture was per-
formed and a yellow fluid obtalned whlch coagulated
spontaneously into a fairly dense Jjelly. It containeﬂ
albumen :- 1-2%. Only a very few lymphocytes were |
geen in films. The Wassermann reaction was negative
in blood and cerebro-spinal fluid. i

On September 20th laminectomy was performed by
Mr. Sargent who found diffuse mallgnant disease of

the lumbar vertebrae which proved on histological

examination to be a scirrnus carcinoma,
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Case 5. Intra-dural Myxoma. Operation, recovery.

Alfred W., aged 42, was admltted to the National
Hospltal for the Paralysed on the 22. 10. 20 under
Dr. Hinds Howell complaining of pain in the left side
and paralysis of both legs. The pain had come on in
the summer of 1918 but he had not felt his legs weak
until July 1920. The first symptom: noticed in the
lege was numhbness, especialy in the left leg, and
soon after this the left foot dropped, and he suffered
rrom_ahooting pain running up his left leg and some-
times down the right. He also had slight diffiéulty
in starting micturition.

-On examination he was found to havé a spastic
paraplegia, with considerable weakness of the lower
1limbs especially in doregi-flexion at the ankle joint,
but he could walk in his boots with the help of two
sticks. There was some wasting of the lower limbs and
fibrillary contractions were seen in the hamstrings
and the insides of the calf of the left leg. There
was no inco-ordination of movement. Skin sensibility
to cotton: wool touches was slightly impalred on the
right lower limb. Pin-prick was not appreciated over
the whole extent of the limbs below a horizontal line
about half way up the thighs, and in a band on the
left side of the body running round below the lower
margin of the ribs to a point midway between umbillicus

and pubis. Between this line and the anaesthesia on
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the legs, pin-prick was felt "like an electric shock”.
There was no loss of sensibility to pin-prick over the
saddle area. The knee jerks were brisk, especially
on the right side. The ankle jerks present on the
right but feeble on the left side. The upper abdomin-
al reflexes were present, the lower absent. The
plantar response was of the Babinski type on both
sides.

On the 26. 10, 20 a lumbar puncture was performed
and golden yellow fluld escaped which coagulated solid
in the tube in a few minutes, No cells were found in
it. 1t contained 0-75% albumen. No opacity was pro-
duced on 28% or 33% saturation with ammonium sulphate,
but half saturation gave a very heavy precipitate.

The Wassermann reaction was found to be negative in
the blood and cerebro-aﬁinal fluid.

On the 9. 11. 20 a laminectomy was performed by
Mr. Sargent on the lower thoracic and upper lumbar
regions of the spine. A large, soft, oval, gelatinous
tumour, in shape and size like a pigeon's egg, Was
found on the left side of the cord opposite the cut
arches of the 1lth thoracic vertebra. it lay under
the arachnoid membrane, to which, however, it was very
loosely attached, and indented the cord considerably

on its left posterior surface. Béfare the theca was
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opened 1t was noted that it pulsated normally above
the tumour but not at all below it. The tumour was
removed. It measured®-5c.m. in length and 2c¢.m.in
transverse dlameter, and welghed 5 :‘grammes. On sec-
tion 1t was found to be composed of myxomatous tissue,
with very few branching cells, the processes of which
|reached for long distances and contained in thelr
meshes cléar, serous fluid; a few groups of endothel-
ial cells were also seen in the tumour (v.Figs 2 & 3).

The patient made & rapid recovery, and on the

19. 2. 21 could walk almost normally, and the only :Ja]

motor weaknesgs noted was weakness of dorsiflexion of

1

|

{the left ankle.
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II. LINFLAMMATORY DISEASES of the MENINGES with HIGHLY

ALBUMINOUS YELLOW FLUIDS.

Gaael4. Acute Myelitis of Unknown Origin.

Gertrude 5., aged 23, was admitted to the Nation-
al Hospital.for the Paralysed in November 1820 under
Dr. Taylor for paralysis of the lower limbs which had
come on suddenly four months previously. The history
of the onset was that on July 15th 1920 she woke with
pain over the left eye, and the same evening had pailin
in the legs and back with headache, and was feverish.
buring the hight she lost the sight of her left eye,
and within a few hours of the right eye also. On the

next day she could not distinguilsh light from darkness,

pnd'had complete loss of power of both legs and loss of
ensation up to the face. She also had retention of
rine and faeces. On the 18th July, two days after
this, she had a profuse red rash. After a fortnight of
botal_blindness her sight improved gradually so that
on admission to hospital she could see well. On ad-
mission she wﬁa found to have a complete paraplegia of
both lower limbs which were swollen, oedematous and
quite flacqid, with incontinence of urine and faeces,
All forms of sensibility were completely lost below
the walst as were also both deep and superficial re-

flexes.
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Lumbar puncture on the 20, 11. 20 gave a clear
lemon-yellow fluid with no coagulum. 1t contained
'0-6% albumen, and with 28% saturation with ammonium
sulphate gave a slight opalescence indicating fiorin-
ogen. No cells were tound in it. %The Wassermann
reaction was negative in both blood and cerebro-
spinal fluid.

The dlagnosls appeared to be acute meningo-
myelitis of the lower thoracic region which had com-

pletely abolished conductivity in the cord.
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| Case 5. Staphylococcal Meningitis, limlited by ad-
! hesions in pia-arachnoid to reglon above
10th thoracic segment.

é Pte B.C.0., aged 30, was admittea vo Tooting
émilitary Hospital on 12. 2, 19, with history of four
%daya headache with pains round chest and the lower
zpart of the back. He had vomited frequently since
5the onget; he was very constipated and had had reten-

ition of urine at first.
{

; On admission he was found to have weakness of the
éneck muscles and head retraction. All movements of
éthe arms were éossible but weak., Only slight exten-
ésion movemente of the lower limbs were possible; there
!was no power of flexing the legs. Both plantar re-
éflexes were of the up-going type.

| Lumbar puncture was performed on 16, 2. 18, Clear
fdark yellow fluid with a greenish tinge was removed.
éIt showed seven small lymphocytes per c.mm. and con-
;tained 3% albumen, 0.-85% chlorides, and sugar in dim-
%1nished guantity.

On the 17. 2. 12 he had a fit at 8 a.m. with at
éfirst an opisthotonic positlion. There was tremor of
iboth arms with clutching movements of the right arm
Eand hand. Shortly after the fit an attempt was made
to puncture the cisterna magna by inserting a lumbar

puncture needle between the atlas and the foramen
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magnum. When this was done thin yellow pus came out
in large quantitles under increased pressure. This
wag full of poiymorphonuclear cells with numerous,
intracellular staphylococci which on culture proved
to be staphylococcus pyogenes aureus. After the pus
settled the fluld above 1t was clear and colourless.
It contained 0°1% albumen and 0-63% chlorides. Glu-
cose was absent.

1The patient died at 3.20 p.m. on the same day,
and an autopsy was performed on the following day.

The brain was covered on its interior surface
with purulent exudate which filled the basai cisterns
but did not run up over the outer aspect of the cere-
brum. Punctate haemorrhages were seen over the in-
ferior surfaces of the frontalflobee.

‘The cord, from 1£3 upper end to the 10th thorac-
ic segment inclusive was covered both anteriorly and
posteriorly with pus. Below the 10th thoracic segment
thie stopped suddenly and the surface of the cord
appeared perfectly normal. |

At the apices of both lungs there were small
chronic cavities with hard calcaneous surroundiqgs
and puckering of the overlying pleural surface,

Spreading out from these was a peri-bronchial spread
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of recent mlliary tubercles. The other organs pres-
ented no abnormality beyond congestion of liver,
spleen and kidneys. There was slight atheroma of

the aorta.

Case 6., Cerebro-spinal Syphilis.

F.G., male, aged 35, was admitted to the National
Hospital under Dr. Hinds Howell on the 12. 5, 19. in
1917 when in the army on board a transport to India
‘he started putting on much weight, and arrived in
India about three stone heavier than he left England.
On arrival he hbecame unable to speak and was sent to
hosplital and treated with thyroid gland extract. As
he was unfit for service he was sent back to England
and discharged.

On examination he was a very stout man and ex-
tremely slow in hies mental processes. He presented no
definite physical signs of dlisease of the nervous
system, but the plantar reflexes gavé a somewhat sus-
piciocus response,

A lumbar buncture was performed on the 19. 5, 1%
and the fluid was examined-by Dr. Nabarro who found it
to be a clear yellow fluid forming a heavy coagulhm on

standing. It contained 5 to 10 cells per c.mm. and
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1-9% albumen. The Wassermann reaction was strongly
positive in the fluid, and less strongly in the blood.
A second lumbar puncture was made on the 30.6.1¢
when I found the fluld to be clear and yellowish with-
out a coagulum. It contained 100 to 150 cells per
c.mm. mainly of the lymphocyte type with a few poly-
morphonuclear cells. The albumen totalled 0*75%.
The Wassermann reactlon was again strongly positive -in

the fluid.
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Case 7. Pressure on spinal cord due to thoracic
aneurysm producing a yellow, highly albumin-
oug fluid.

Lo ]

H.N., male, aged 53, wag admittéd to the National
Hogpital for the Paralysed on the 26th August 1920
under Dr. Turnef with a history of pain in the back
and hips for five months and of loss of use of the
legs for two months.

On examination he was found to suffer from
spastic paraplegia, with sensory loss over the thighs,
and lose of jJjoint sense in the feet. Anaesthesla was
nowhere complete, but there wasg loss of senaibility‘to
heat and cold in the area supplied by the 5th lumbar I
and the sacral segments. Hig abdominal reflexes were
absent; the plantar responaég were definitely of the
Babinskl type on the right side, less definitely on
the left with ankle clonus. ‘

While 1n hospital he developed on the 27th Sept-
ember a pleural effusion on the left side, with eleva-
tion of temperature to 102°F.

.Lumbar puncture on the 30th August gave a yellow=..
ish clear fluld with no coagulum. It contained 15
cells per c.mm., mogt of them being large cells with a
rounded nucleus, which were rather larger than bhé
ordinary large mononuclear cell found in the cerebro-

spinal fluid. These cells were occasionally seen in
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groupé and were dlagnosed as probably tumour cells.
Albumen totalled between 0-5%.and 1%, but owing to
the small quantity of fluid obtained a more accurate
reading was impossible. The Wassermann reaction was
negative in blood and cerebro-sgpinal fluid.

A second lumbar puncture on the 19th October gave
a clear colourless fluld containing no cells, with
only O0-035% albumen and a weakly positive Nonne-Apelt
reaction.

X ray examination revealed a pulgating tumour on
the left side of the thoracic spine, and an aneurysm
of the descending thor&cié aorta was diagnosed. Thls
seemed to have eroded tne vertebrae and produced pres-

sure on the cord.
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1V, THREL CASES of POTT'S DISEASE PARAPLEGIA giving
YELLOW, HIGHLY ALBUMINOUS FLUIDS.

Case 8. Pott s disease, paraplegla and tubercular
meningitls.

Sam M., aged 21, was admitted to the National
Hospital under Dr. James Collier in May 1019 with
Pott's disease and paraplegia. FPaln nad commenced in
the lower thoracic region of the spine in June 1918
but he wae examined and passed "fit for service in
France". In November 1918 his back became curved and
in December his legs gave way under him. He had been
treated with extenslons on his legs for four months in
Nottingham General Hospiltal.

On examination he showed a kyphosis, almost ang--
ular in type, with the greatest prominence at the 8th
tnoracic spine.. There wag weakness of the lower parﬁ
of the rectus abdominis and complete paralysis of both
lower limbs with involuntafy flexor spasms. The deep
reflexes were much.increaaed in the lower limbs. The
plantar reflexes were of the Babinskl type. He had
normal control of his sphincters., ©Sensgibllity to pin-
prick and cotton wool was blunted up to the lower
costal margin.

On the 12. 7. 1¥ an operation for the relief of
Pressure on the cord was performed by Mr. Sargent who
regected the laminae of the 6th to the 10th thoracic

vertebrae and evacuated aome'cheeay pus from the body
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of the 9th thoraclc vertebra. It was noticed that
the peri-thecal fatty tissue was matted and infiltrat-
ed, but the dura mater looked normal.

After tne operation he gradually regailned slignt
power 1n his lower limbs. In October he developed a
slight pleural effusion on the left side.

Towards the end of February he showed signs
suggesting meningitis and on the &C. £. &0 a lumbar
puncture was performed which gave a yellow fluid. It
did not coagulate ahd showed only one cell per c.mm.
It contained albumen (rather over 0-5%) chlorides
0°75% and glucose about 0-:04%. Albumoses were also
present. The Lange curve was 0.0.1.1.2,2.2.3.3.3.

The patient died on the 24, 2., 20 and an autopsy
was performed at which old-standing tuberculosis of
the left lung.and tubercular pleurisy covering both
lungs was found,but no evidence of recent spread in
the chest. 'he spleen, however, showed many miliary
tubercles under its capsule and elsewhere 1in its
structure. The spine at the level of the laminectomy
showed a right-angled bend over which the cord was
sﬁretched. A considerable quantity of pus escaped
from the remains of the body of the 9th thoracic vert-
ebra. The dura mater at this level was covered over

with tubercular granulations and pus which had infil-
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trated it, and at this level the dura mater was ad-
herent to the cord. Above this level the cord and
| the base of the brain were covered with a thick gel-
atinous tubercular exudate., Below it the surface of
the cord was clearly seen and the membranes looked

perfectly healthy.

Case 9. Poﬁt‘s Disease and Paraplegia.

Cr., male, aged 49, was admitted to the National
iHOBpital for the Paralysed on the 10. 2. 20 under
E'I):r'. Risien Russell complaining of palin in the neck and
weaknesgs of the legs. The pain 1n the neck had begun
in May 1919 and he noticed a lump in the back. He
continued at work until Chrisgtmas when he had to stop
owing to paln spreading down from the shoulder and
weakness of the knees. About three weeks before ad-
mission his feet relt cold and he gradually lost power
in them until he could not move them at all. About
three days before admission he lost control of the
bladder and rectumn.

Oﬁ examination he showed a sharp angular curva-
ture in the lower thoracic region, the 10th thoracic
'spine being the most prominent. Except for slight
movement, at the right hip and knee the lower limbs

were completely paralysed, and there was loss of
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sensibllity to all forms of stimull from the 10th
thoracic segment downwards increasing on passing to-
Wards the periphery.

On the 16, 2. 20 lumbar puncture gave a clear
yellow fluid which did not coagulate until after the
addition of a drop of fresh blood. No lymphocytes
were found in it, but it contained 1-5% albumen. The
Wassermann reaction was negative in blood and cerebro-
spinal fluild. .

On the 22, 2., 20 an operation for the relief of
pressure on the cord wags performed by Mr. Armour who
found a tubercular cavity in the body of the 10th
thoraclc vertebra. The dura below the level of the
curvature did not pulsate until after the removal of

the laminae above, when pulsation returned.

Case 10. Pott's Disease and Paraplegia.

Eben H., aged 17, was admlitted to the National
Hospital under Dr. Buzzard in April 1920 with Pott's
disease and paraplegia. He had suffered from spinal
curvature since the age of seven and from paralysis of
the legs since January 1919. This had come on gradu-
ally so that he could walk until August 1919. The
paralysis had improved slightly since November 1819,

On examination he showed a spilnal curvature in




the dérsal region in which scoliosis predominated oven
kyphosis, and the costal margins were approximated to
the 1llac crests. He had parapleglia in extension
with dropped feet. There was almost complete paraly-
sls of the right leg, and considerable loss of power
in the left. ©Sensibillity to cotton wool and pin~
prick waa-mugh dlminiaﬁed from the knees up to the
umbilicusT There was some loss of sphincter control.
The deep reflefes of the lower limbs were greatly ex~
aggerated. The plantar reflexes were of the Bablinskil
type.

Lumbar puncture performed on the 13. 4. 20 gave a
clear lemon-yellow fluld which did not coagulate. It'
contained one lymphocyte per c.mm. and 0:8% of albu-
men., The Wassermann reaction was negative,

These three cases are recorded as they showed
very great increase of albumen in the cerebro-spinal
fluid. I have examined the fluids of several other
casea_of paraplegia due to Pott's disease, in which
changes of a similar nature, though of liess degree,

were found. //
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V. NINE CASES of SPINAL TUMOUR with YELLOW, highly °
ALBUMINOUS FLUIDS.

iCase 11. (?) Recurrence of spinal tumour.

B., female, aged 37, was admitted to the National
Hospltal for the Paralysed under Dr. Tooth. She had
commenced to develope paraplegia in June 1906 and had
previously been admitted to the National Hosplital com-
pletely paraplegic in 1913, 1n January 1214 a lamin-
ectomy had been performed and a tumour found which
completely blocked the spinal canal between the cut
laminae of the 4th and 6th thoracic vertebrae., The
tuﬁour lay in the mid-line on the posterior surface of
the cord and was removed except for its attachment to

the ribbon of cord lying in front of 1it,
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On the 2. 11. 12 a lumbar puncture was performed
and yellow cerebro-spinal fluid containing some blood
admixture was removed. It formed a heavy coagulum on
standing and was found to contain 2-3% albumen and
0.76% chlorides. No cells were found in it.

: On the 24, 11, 19 a second lumbar puncture again
gave a yellow fluid which this time did not clot. It
was found to contain a large number of mononuclear co
cells and 3°6% albumen. The Wassermann reaction was
negative in the blood and cerebro-spinal fluid. The
lymphocytes in the fluld obtained by the second punc-
ture were explained by thne naémorrhage into the sub-

arachnoid space caused by tne first puncture,
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Case 12. Neurofibromatosis of cauda equina.

Fred A., aged 50, was admitted to the National

. Hosgpital under Dr. Kinnier Wilson on 23rd October 1820
with the diagnogis of leslion of the cauda equina. lhe
history of his disability started 1in 1915 when his
left leg became stiff and painful, and his heel tended
to rise from the ground. in 1916 he had some paln 1in
the left knee, and noticed wasting of the left leg.
About this time he had some hesitancy in micturition.
Hils symptoms ilncreased slowly and at Easter time 1¢18
he had pain in both thighs and during the summer of
1920 he developed numbness and weakness of the left
leg which rapidly increased and affected also the
right leg.

On examinatlion the spine was slightly kyphotic in
the lumbar reglon and there was some tenderness in the
same area. Senslbillity was impalred over £he area of
skin supplied by the 2nd to 5th lumbar segments, with
partial loss in the distribution of the lst sacral, but
none on that of the lower sacral segments. There was |
wasting of the glutel especially on the left slde and
of all the muscleg below this level especially those
of the thighs. Some fibrillation was seen in the
glutel.

The abdominal reflexes were diminished below the

umbilicus. Nelther plantar reflex nor.knee Jjerk could
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be elicited. The right ankle jerk was brisk, but the
left feeble.

On the 26. 10, 20 lumbar puncture was performed g
and 5 c.c. of amber coloured fluld escaped. The flow |
then ceased abruptly. This fluld was ©f a deep golden
Yellow without a coagulum It contained € lymphocytes
per c.mm, and about 1°5% albumen. On fractional sat-
uration with ammonlium sulphate it gave a slight opal-
escence with 28% saturation which increased to a fair;
ly heavy cloud at 40% saturation. The Wassermann
reaction in blocod and cerebro-spinal fluid was nega-
tive.

I am indebted to Dr. Oxley for a report on the
examination of cerebro-apinal fluid obtained by him
by puncturing between the 12th thoracic and 1st lumbar
spines on the 11th October, This was a bright golden
yellow fluid with a large firm clot, which contained
in its meshesg a few cellg. The total albumen apart_
from the clot was 0°95%. There was thus very little
difference between the fluids obtained by two punc-
tures at a fortnight's interval.

On the 9th November a laminectomy was performed
by Mr. Sargent in the lumbar region. The membranes
were found distended by growth and formed a sausage-

ahaped mass twice the normal diameter of the theca.
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The growth was a soft gelatinous and haemorrhagic mass
attached all round the cord and surrounding the nerve
roots at the conus medullaris and for about three
inches above it. This was dissected off the nerve
roots as far as posgible.

Unfortunately the patient developed a very severe
cystitis to which he succumbed on the 20th November
1920. A post mortem examination was made, limited to
the lower part of the cord and the kidneys. The ared
from which the tumours had been removed was represent-
ed by a cyst formed by the membranes and containing
blood. On the right side of the lumbar enlargement
at a higher level there was a soft fleshy plece of
tumour about one inch long and 7 inch wide lying
among the nerve roots to which 1t was loosely attach-
ed.

The tumours gave the typlcal microscopic appear-

ances of neurofibromata.

Fig.4. an*goger view of neurofibroma of baae 12 re-
y operation.
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Case 13. Endothellioma pressing on the mid-thoracic
region of the cord.

Dorothy F., aged 18, wasg admitted in February
1920 to the Naticnal Hoépital for the Paraleed under
Dr. Tooth, suffering from inability to walk. Her
symptoms commenced in August 1918 when her legs be-
came cold and numb. On examination she showed com~
plete paraplegia with loss of gphincter control, and
of senslbility to all forms of stimull below the 11lth
thoracic segment. On the right side the loss of
sensibility to pin-prick reached up to the 7th thor-
aclc segment and faded away between thls and the 5th
segment.

On the 24. 2. 20 lumbar puncture gave a very
slightly yellow fluid contélning about 4 small lymph-
ocytes to the c.mm. and 1-5% albumen. It did not
clot. No albhumoses were found in it. The Wassermann
reaction was negative in blood and cerebro-spinal
fluid.

A laminectomy was performed by Mr. Sargent on
the 15. 5., 20 and an intra-thecal tumour of about the
size of a walnut was found opposite several of the
lower thoracic vertebra. It was vascular, soft and

fleshy, and had to be removed in several pleces.




Histologically it gave the appearances of a fibrous
endothellioma containing many round areas of fibrous

tissue in some of which calcification wag commencing.

Fig.5. v

Low power view of endothelioma of Cage ‘13 showling
whorle and knots of fibrous tissue.

Case 14. Intramedullary tumour of the spinal cord.

Mrs. 5., age 48, was admitted to the National
Hospital for the Paralysed under Dr, Buzzard com-
plaining of paralysis of the legs of one year's dur-
ation. Her first symptom was intercostal neuralgla
low down on the left side; éoon after this she had
pain in lower part of spine, and later pain in the

left side of the lower abdomen. In May 1918 she

developed very severe pain 1in the eplgastric region




SE-

with adductor spasm of the legs, followed soon after o
by a feeling of tightness round the right ankle, and |
then numbness first in the right leg and then in the ‘
left ;nd spreading up the body as far as the waist, ‘
Her walking became impaired and since Christmasé 1918%
she had not been able to walk at all. Since then she ;
had had involuntary jerkings of the legs and sphincter
trouble. In February 191¢ laminectomy was performed )
at the South London Hospital by Miss Davis Colley who
found thickening of the meninges 1n the mid-thoracic

region.

Og admission the scar of a laminectomy wound waé
seen extending from the 4th to the 8th thoracic spines|
She had complete loss of voluntary movements of the
lower limbs which were spastlc and wasted, and com=s
plete loss of all forms of sensibility up to one inch
below the umbilicus. ‘T'he abdominal reflexes were ab-
seht, the knee and ankle Jerks present, and there was
a tendency to ankle clonus on both sides., The plantar-
responses were upward movements of the great toes. On
the 20, 6. 19 laminectomy was performed enlarging the
previous operation downwards. The cord‘Oppoalte the
body of the 8th thoracic vertebra was swollen and pale,

and below that level the membranes were matted. No




tumour was found outside the cord. A shallow in-
clsion through the postero-median fissure gave exit té
a single drop of glairy fluid.

A lumbar puncture on the 20. 11, 19 gave a vellow
fluid with a heavy coagulﬁm. Albumen was about 1% and

two large mononuclear cells were found per c.mm,

Case 15. 7 Granuloma of Spine. '

A., male, age 36, admltted 18. 5. 20 to the
National Hospital under Dr. Buzzard, diagnosed as
spinal tumour.

oince November 1919 he had weakness in his legs
which dragged when he tried to get about and soon
after Christmas he felt as though he were walking on
a cushion. $Since then walking had become impossible.
On examination he aﬁowed complete spastic paraplegla
with no voluntary power below the walst, and complete
loss of all forms of cutaneoug sensibility below the
1st }umbar segment with diminution between this and
the 10th thoracic segment. But vibration sense and
sense of position in space, though impaired, were not
completely lost in the lower limbs, He had normal
control of hig sphincters. The knee Jjerks and ankle

Jerks were increased, abdominal reflexes absent, and




plantars of Babinskl type on both sides.

A lumbar puncture on 25. 5. 20 gave a clear
cerebro-spinal fluid of a pale lemon-yellow colour
which contained four cells per c.mm. and about 1% of
albumen. No coagulum formed until after a drop of
biood was added and then only a very thin web, Al-
bumoses and peptones were absent. The Wassermann
reactlon was negative in cerebro-spinal fluld and
blood.

On 2. 6. 20 laminectomy was performed by lr.
Sargent who found an extra-tnecgl tumour adherent to i
the dura and infiltrating and eroding bone in the
region of the 8th and 9th thoracic vertebrae. Numer-
ougs fragments of this growth were removed weighing
altogether about eight grammes, Microscopically the
tumour appeared to be composed of vascular inflam-
matory tissue and fibrous tissue, the more cellular
parts showing various forms of cells among which
small lymphocytes were most numerous, but polymorpho-
nuclear and plasma cellsgs were not rare, and a few

larger endothelial cells were seen,




Cage 16. Intramedullary sarcoma in upper dorsal
region, :

William W,, aged 40, was admitted to the Natlonal

Hospital in October 1920 under Dr, Risslen Russell
with the dlagnosis of spinal tumour.

~In 1817 he had had pains in the right hypo-
chondrium which were dlagnosed as due to gall-stones.
In 1918 he began to have weakness and stiffness of his
legs and a tendency to retention of urine. Since
August 1920 he had become very weak on his legs.

On examination he showed spasticity of both legs,|
with comparatively little loss of power. 7There wasg
diminution of sensibility up to the 6th thoracic spine
with an area of hyperaesthesia reaching from this
level to the 2nd costal cartilage. Vibration was
defectively felt below the xiphisternum. The knee
and ankle Jerks were exaggerated, and the plantar
responses of the Babinski type.

Lumbar puncture on the 25th October gave a clear
yellowish fluid without any coagulum., It contained 6
cells per c.mm. and 0-75% albumen. Ammonium sulphate
in 28% saturation gave no opalescence, but at 33% and
still more at 40% saturation there was definite opal-
escence, "The:Wassermann reaction was negative in

blood and cerebro-spinal fluid.




On the 18th December 1920 a laminectomy operation

in the upper thoracic region was performed and an

intra-medullary growth found, a small portion of
which was removed for examination. 1t proved hist-
ologically to be a sarcoma of the perivascular type,
being composed of a mass of small rounded cells
grouped round blood vessels, the walls of which were
very thick and in places hyaline. At a certain dis-
tance from these vessels the tumour cells tended to
degenerate, so that the blood vessels appeared to be
surrounded by a collar of cells with a degenerated

area outside this.

Fig. 6.

Low power microscopic view of tumour of Case 16
showing collars of small round cells around thick-
walled blood vessels.




Ipletely paraplegic with sensory loss to all forms of

i

history dated back to March 1¢$1Y when the right leg

e W -

Cage 17, lIntra-medullary tumour.

Geo. B., aged 28, was admitted to the National
Hospital under Dr. Hinds Howell on the 11, 7. 19 with

the diagnosis of lesion of the cauda equina. This

became weak and he had pain in the lumbar region and

in the rignt leg. 1n August 1917 he had an attack of
pyrexia assoclated with trequent 1nvoluﬂtary jerks in
the lower limbs. After thnis he could scarcely walk

at all. On examination he was found to be almost com-

cutaneous sensibility up to the upper lumbar segments
fading away gradually and disappearing at the 12th
thoraclc segment. The sense of position was absent in
the great toe but present in the knees.

On the 15. 7. 19 a Jumbar puncture gave a yellow—
ish clear fluid which did not clot even after the ad-
dition of a drop of blood. .It contained four cells
per c.mm. and 0-3% albumen. Glucose was present ‘in
about normal amount and the chlorides were estlmated
at 0-71%.

On the 28. 7. 1¢ a laminectomy was performed by
Mr. Sargent, at the level of the 7th thoracic to the
first lumbar spines. No tumour was found, but the

dura mater was adherent to the pla mater and the latter




ito the nerve roots. The cord looked 1irregular and
%bulged through the dural opening. A shallow incigion . -
into the postero-median fissure showed gliomatous

matter and a little fluid escaped.

Case 18. Intradural haemangioma.

Thos. P., aged 51, was admitted to the National
Hospital for the Paralysed under Dr. Risien Russell in
March 1920 with symptoms of paralysis of the left arm
and leg. The history of his affection commenced 1in
{August 1919 with pain in the left shoulder. In Nov-
ember 1919 the left arm began to lose its power and by
Christmas the left leg was awkward and stiff,

On examination there was flaccild paralyéis with
slight general wasting, greatest in phe shoulder and
upper arm. There was spastic weakness of the left leg
and inco-ordinaticn of both lower limbs. The gait was
that of left hemiplegia., Sensibility to cotton wool
was everywhere intact. To pin-prick it was diminlished
in the epaulet area of the left shoulder and over the
right side from the fourth cervical segment downwards,
Sense of position was defective 1n.tne fingers of the
left hand and the left great toe, Stereognostic sense

wag defective in both hands.
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The deep reflexes were present but weak 1n the

- left arm, absent in the right. In the lower limbs they

plantar response on the right side was the normal down-

were brisker on the left side than on the right, The

ward movement of the toes, while on the left side the |
|

Babinskl phenomen was present. %
A lumbar puncture on the 8. 3. 20 gave a very |
slightly yellow fluid without coagulum or cella. It
contained 0-15% albumen and gave a strongly positive
Nonne-Apelt reaction. The Wassermann reaction was
negative ln blood and cerebro-spinal fluid.

On the 17, 4. 20 a laminectomy was performed on
ﬁhe cervical region of the cord. On exposing the dural
mater it was seen to be very tense and non-pulsatile
below the 4th cervical vertebra, On opening it an
oval sesslle tumour measuring 15 by 5 m.m. was found
lying against the left side of the cord, and slightly
in front of it. It lay under the llgamentum denticu-
latum and the posterior nerve roots of the 3rd and 4th
cervical segments. 1t was removed and the patient
made a good recovery.

Microscoplcally the tumour 1s composed of papill-
ary outgrowths and irregular strands in which numerous

large vessels run. Between these strands are clear

spaces 1ln which here and there collections of serum
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containing a few leucocytes and red blood corpuscles
are seen, The tumour is composed partly of fully
formed connective tissue and partly of collections of
fibroblasts and endotheliﬁl cells, and in some places
there are collections of brownlish granules, apparently
composed of haematold;ﬂ pligment, some of which are con

-tained in large endothellal cells while others appear

to lie free in the tissue. The walls of the blood
vessels which are fairly thick are composed mainly of .
fibrous tissue and contain no muscle fibres., The

tumour appears to be a haemangioma.
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Low power microscopic view of tumour removed from
Case 18, showing strandse of tumour tissue enclosing
numeroug large blood vessels.




Case 19. Tumour of the conus terminalis (Eerlvaacular
sarcoma)

Mary E. G., aged 40 years, was admitted to the
National Hospital for the Paralysed on the 22. 10. 20
under the care of Dr. Farquhar Buzzard. ©She had had
for the previous two years weakness and wasting of
the right leg, pain in the right thigh and defective

sphincter control. On examination the right leg be-

low the knee was found to be 1% inches thinner than °
the left and the wasted muscles had lost thelr fara-

dic excitability. There was loss of sensibility to

pin-prick over the area supplied by the 3rd, 4th and .
5th sacral segments on both legs and there was dimin-

ution of the sensibility to cotton wool over the same
area wlth confusion of hot and cold contacts.

The knee Jerks were present. The ankle jerks

both absgent. Lumbar puncture performed on the
26. 10, 20 gave a clear slightly yellow fluid which
did not coagulate. It contained three mononuclear
cells per c.mm. and 0-08% albumen and gave a trace of
opalescence on 28% gaturation with ammonium sulphate.
The Wassermann reaction in the (unheated) fluid was
positive, but in the serum negative,

A second lumbar puncture a fortnight later gave a

clear colourless fluid with no clot. It contained no




cells and only 0°04% albumen. Percentage saturation
with ammonium sulphate gave no opalescence below 40%
but a definite haze between 40% and 50% saturation.
The Wassermann reactlon was negative in both blood
and cerebro-spinal fluid.

On the 26, 11, 20 a laminectomy was performed by
Mr. Sargent, and a tumour was found lying posterilorly
over the 1umbar enlargement. /' 1ts upper end was free
but 1ts lower end appeared to be attached to the lower
end of the conus terminalis. It was removed as com-
pletely as possibie.

After removal it was found to measure 1 inches
in length by about % inch in transverse diameter (%
inch at its widest part) and weighed 10 grammes., It
wag pinkish white in colour, nodular on the surface
and covered over by a smooth capsule in which veins
and arteries ran. Microscoplcally 1t was found to be
composed of small rounded or oval cells, with round
nuclel, which surrounded thick-walled blood vessels,
many of which were thrombosed. A small part of the
‘lower end of the cord had been removed along with the
tumour and this showed infiltration by tumour cells

and much glial proliferation. Figs.8.and 9.
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Fig.8.

Naked eye appearances of tumour removed by operation
from Cage 19.

Fig. ©.

low power microscopic view of tumour showing thick-
walled blood vessels containing several channels
running among tumour tissue composed of small round
cells.
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ALBUMINOUS FLULD.

Case 20. R. A., male, aged 22, was admitted to the
National Hospital on the 14. ©¢. 20 under Dr. Collier, |
Paralysis of the legs, arms and trunk commenced on
the 2nd Seﬁtember 1920, followed on the next day by
some loss of visual accomodation. This came on a few
days after a sore tanroat and nasal catarrh. On Sept-
ember 5th he had some difficulty in swallowing, and
two days later his voice was indistinct owing to
difficulty in opening his mouth. The weakness of the
legs and arms progressed so tnat on the 12th Septem-
ber he was completely paréiysed in his legs except for
some movement of his toes. Hls arms also became very
weak and he had a numb feeling over the hands.

On admission he was found to be almogt completely
paralysed in the limbs and trunk, and there was also
some weakness of the dlaphragm and of the muscles
supplied by the bth and 7th cranial nerves, especially
on the left side,and the pharyngeal reflex was dim-
inished. There was some loss of sensglbility to pin-
prick over the arms,and over the legs there was some
hyperaesthesia to pin-prick. Sense of position in the
lege was defective but the co-ordination of the arms

was good.




All the deep reflexes were absent and plantar
stimulatlion gave a downward movement of the great toe.

Lumbar puncture, performed on the 17th September
gave a slightly yellow fluid which yielded on standing
a falrly thick web of coagulum. Two lymphocytes per
c.mm, were found in the fluld exuded from the clot,.
| The total albumen content wag found to be 0°25% by
the Aufrecht tube and the Nonne-Apelt reaction was
positive but not very strongly. O0-72% chlorides were
found. The fluid gave a strongly positive Wassermann
reaction in the unheated condition.

A second lumbar puncture pertormed on the 28th
September agaln gave a slightly yellow fluid with a
thick web of coagulum., Examination showed it to con-
tain about 1 cell per c.mm., and albumen 0-35%
(Aufrecht). This time, after heating, the fluld and
blood both gave & negative Wassermann reaction.
Lumbar puncture was performed after the patient had
improved considerably on the 30th November, and a
clear colourless fluid was obtained. No cells were
found in this fluid. The albumen was 0-07% as measur-
ed by Mestrezat's method, and the Nonne-Apelt reaction
wasg positive. The Wassermann reactlon was again neg-
ative. The curve given by Lange's colloidal gold re-

action wag 0.0.1.2,3.3.1.1.1.0.




Case 21.

E.B., male, aged 25, was admitted to the National
Hospital on the 18. 2., 21 under Dr. Tooth. Paralysis |
of the arms and legs commenced to come on about seven
months before admission. It began to come on with
twitching of the muscles at the back of the left
shoulder and pailn of a dragging and shooting nature
down the arm. The right arm followed soon after and
then the legs were similarly affeéted. Aching pains
in the paralysed 1limbs have been a feature of the
affection.

On admisslon he was found to present slight weak-
ness of the right side of the face. The tongue was
tremulous and wasted at the sides. The arms were
almost completely powerlesgs, the only moﬁements pos-
sible being slight movements of the fingers and of tihe
arms at the shoulder girdle. In the iower limbs the
only movements possible were slight movements of the
toes and of the thighs at the hips. No change in
cutaneous senslbility could be made out.

All the muscles of the body were wasted and flab-
by. All the deep reflexes were absent, and plantar
stimulation gave a slight downward movement of the
toes. The sphincters had- all along been unaffected.

Lumbar puncture performed on the 21st February 1821




gave a slightly yellow fluid containing 0-24% albumen
(Aufrecht), with a positive Nonne-Apelt reaction. No
cells were found in it. Lange's reaction gave a

curve as follows :- 1.1.2.2.3.3.4.3.2.1.




VII. FOUR CASES of CrREBRAL TUMOUR wnich showed
YELLOWLSH D1SCOLOURATION of the CEREBRO-SPINAL
FLUID.

Case 22, |

J.H., male, aged 53, was admitted to the Nationaﬂ
Hospltal for the Paralysed on the 19, 9,19 under Dr.
Taylor with a diagnosig of tumor cerebri.

Lumbar puncture on the 23, €. 19 gave a yellowish
fluid containing 10 large and small mononuclear cells
per c.mm., 0°06% albumen, 0:74% chlorides and about
the normal quantity of glucose. The Wassermann re-
actioﬁ in the fluid was negative but in the patient's
blood was strongly positive.

The patient died on the 14. 10. 19. after a de-
compression operation, and a post mortem examination
revealed the presence of a large tumour in the region
of the basal ganglia.on the left side, pressing up-
wards and almost obliterating the left lateral ventric
-le, the anterior and posterior horns of which were
only jolned by a narrow channeél above the tumour. The
tumour was greylsh and granular on section, haemorr-
hagic aﬁd gsoftened in itg anterior part. It did not
infiltrate the brain substance but grew out into it in
an irregularly radial manner. At the level of a sec-
tion just below the corpus callosum the tumour mea-

gsured 6°5 c.m. antero-posteriorly and 4°5 c.m. trans-




versely. Microscopically it gave the appearances of

a gumma, with considerable necrosis in many places.

Case 23. ' 1
W.W., male, aged 55, was admitted to the National
Hospital under Dr. James Collier on the 15, ¢, 20
complaining of headache, symptoms of sensory aphasia
and hemlanopia. He had also papilloedema on both
sldes.
A lumbar puncture performed on the 21. 8. 20

gave a yellowlsh clear fluid without any coagulum. It

contained 21 cells per c.mm, which were of the large .

and small mononuclear types. The total albumen con-
tent was 0:045%, and the Nonne-Apelt reaction weakly
positive. The Wassermann reaction was negative in
both blood and cerébro-apinal fluid. A decompression
operation was performed on the 7., 10. 20 and the
patient died on the 16. 10, 20. I

At the post mortem examinatlon a.large tumour
was found in the left cerebral hemlsphere, projecting
under the surface at the posterlor end of the fissure
of Sylvius, including the posterior part of the supra-
marginal and fhe whole of the angular gyri. On sec-
tion 1n the horizontal plane below the corpus callos~

un a wedge-shaped area of reddish, softened tumour




7%.

growth was found to extend‘from the cortex into the
posterior horn of the lateral ventricle, cutting

acrogs the optic radlations.

.Case 24.

G., male, age 44, was admitted to the National

Hospital on the 21. 11. 19 under Dr. Holmes complain-

ing of indigestion,pains in the head and sickness.
had some unsteadiness in his gait tending to fall to
the right, and inco~-ordination of the right arm. He
had recently lost much flesh, On admission he wasg
found to have a lump in the epigastrium just to the
left of the middle line, and a large hard gland was

felt above the left clavicle. There was slight

papillloedema, weakness of the right external rectus .|«

muscle and nystagmus, coarsge on looking to the left,
slight on looking to the right. There was weakness
and inco-ordination of the right hand. On standing
and walking he tended strongly to fall to the right.

On the 24, 11, 12 a lumbar puncture was performed

giving a pale yellow cerebro-spinal fluid with a fine

coagulum. It contained no cells, albumen 0°06%
(Mestrezat). Nonne-Apelt reactlon failntly posgitive.

Wagsermann reaction negative.

He




He died on 2. 12. 19. At the autopsy an extens-
ive scirrhus carcinoma of the stomach was found with
chailns of enlarged glands in and behind the small
omentum, but without involvement of the liver. A
rounded tumour was also found in the right side of the
tentorium cerebelll projecting through this so as to
invade both the upper part of the cerebellum and the
lower part of tne temporo-sphencidal lobe on the right
side. That in the cerebellum measured in horizontal
gsection 3-5 by_S c.mms., and was pinkish and granular
on the cut surface. ‘'he tumour in the temporo-

sphenoidal lobe measured 4 c.m. in diameter.

Case 25.

Mrs. S., age 67, wac admitted to the National
Hogpital for the Pafalysed under the care of br.
Gralnger Stewart on the 31, 12. 20, with symptoms of 4
cerebral tumour, headéche, diplopia, and hallucinationé
- j1of vision. There was no optic neuritis nor locallsging
signs, beyond slight ptosis of the rignt eye, diplopia
on looking to either slde and slight weakness in con'.
vergence of the eyes. On the 18, 1. 21 lumbar punc-
ture gave slightly yellowish-green fluid witn no coag-

ulum. It contained 12 cells pér c.mm. mainly of the

small mononuclear type with about 30% large mononuclean.
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The total albumen was 0°18% Aufrecht; Nonne-Apelt
strongly positive but no cloud was given by one third
saturation with ammonium sulphate. Lange curve
(0.0.0.0.0.1.2.3.2.1,) approximated to the meningeal
type. 'The Wassermann reaction ﬁas negative in blood
and cerebro-gpinal fluid.

I'ne patient died on the 28. 1. 21 and at the
autopsy a glioma was found involving the right optic
thalamus, right corpus mamillare and tne anterior

part of the fornix on the right side.
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The AETIOLOGY of the CHANGES in the CEREBRO-SPINAL
FLUID in the SYNDROME of FROIN.

A survey of these cases makes it clear that the
essentlal feature of the Syndrome of Froin is a notable
increase in the percentage of albumen in the cerebro-
spinal fluid, and the presence of types of albumen
normally absent, notably fibrinogen. Along with thie
there 1s usually some yellow colouration of the fluid
of greater or lese intensity, but it must be recognig-
ed that this ie not a necessary concomitant of the
syndrome, although fluids which coagulate sufficiently
for the tube tc be turned upside down without any es-
cape of fluid constantly show some yellow colour. It
is necesgsary to congider whence this great proteid in-
crease is'deriﬁed.

1. Obviously In tumours of the arachnoid and in
cagses of meningitis and myelitis the albumen may be
transuded directly from the tumour or the focus of in-
flammation into the sub-arachnoid space. But tumours
vary in vascularity and, as Raveéwﬁaa ghown, it is not
by any means the case that vascular tumours are con-
stantly associated with a greater proteid percentage in
the lumbar fluid than less v&scﬁlar tumours. And again
the percentage of albumen usually found in the acutest

forms of meningitls rarely rises . above 0°3%, and very
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seldom above 0U-57, whereas the percentages found in
the syndrome of Froin are frequently above 1% and
gometimes in the region of 3% or even 4%.

Alsurvey of several caseg oI vasculiar tuaour
which obviougly transuded serum into the cerebral ven-
tricle or basal cisterns lenas additional light to
tnis problem (v. Cases 22 = 25). 1In all of them the
fluid was abnormally albuminous and in one case con-
tained fibrinogen, glving rise to a fine fiﬁrin coag-
ulum; in most it had a yellow colour, hut although a
large surface of tumour growth was in relation to the
cerebro-spinal fluld, and seemed to be able to trans-
ude serum direetly lnto it, the percentage of albumen
was never above 0-2%.

There must therefore be gome factor other than
transudation concerned witih tne apnormal increase of
albumen round in the cases of tumour oI the cord or
ite cqverings, disease of the bony walls @f the spinal
canal, meningitie and myelitis which have been quoted.
And it will have been geen that in almost every case
there was a partial or complete closure-of the sub-
arachnold space round thne cord at some level above
that at which the fluld was drawn off. In the case of

staphylococcal meningitis in my series (case 5) it was
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possible to compare the fluides drawn from above and
below thisg level, and although the fluid from the cisT
terna magna wag purulent and frankly inflammatory in
thiad ielh
every respect it contained only one t=mFh of the per-
centage of albumen found in the lumbar fluid. Raven(i)
Marinesco and Radovici(23), Marie, Foix,'.Bout.ti_eg%nd
Roberé?zénd Lantuéjougqﬁave quoted many cases where
fluid was drawn off the sub-arachnoid space round the
cord at various levels; the iower punctureg gave
flulds which showed the syndrome of Froin in a more
or less typical form, whereas the higher punctures
gave fluids which differed little from the normal.
There seems therefore to be no room for doubt that
the syndrome depends primarily on the damming off of
the fluid in the lumbar cul-de-sac from communicétion
with the ventricular fluid. This hypotheslis was ad-
vanced first by Sicard and Descomps(36)who considered
that two factors entered into the aetiology of the
syndrome :- first the shutting off of the lumbar fluld
from communication with the fluld derived from the
ventricles, and, secondly, increased transudation

from the menlinges owing to congestion of the velns in

the lumbar sub-arachnoid space. Other writers
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(Derrien, Mestrezat and Roggr) have suggested that a
third factor 1s at work, namely some prbcess which
seals up the perivascular channels and prevents the
escape of sub-arachnoid fluild into them, for 1t has
been noted that although in cases presenting the syn-
drome lumbar puncture usually glves a fluld under very
low pressure, occasionally it is found that the fluid
spurts out under considerably increased pressure even
when the patient 1s lying with his head and spine hor-

lzontal.

Physiological Considerations.

In order to form any estimate as to the importance
of thege several factors it 1s necesgsary shortly to re-
view our knowledge of the phyesiology of the circulation
of the cerebro-spinal fluid.

Formatlon of the fluid. The theory long held on

morphological grounds that the cerebro-spinal fluld is
the product of the choroid plexuses has been receﬁtiy

proved in a decisive manner by the work of Dandy(8) . ':
Iin a series of experimente on dogs he was able to pro-
duce hydrocephalus by artificially blocking the iter of]
Sylvius, when the resulting hydrocephalus affected only
the lateral and third ventricles; he wasg alsgo able to

produce hydrocephalus of either or both lateral ven-

tricles by blocking the foramina of Munro,




This being established he removed the choroid plexus
from one lateral ventricle, at the same time plugging
both foramina of Munro. <Tne errect was to produce
hydrocephalus as before in the ventricle in which the
chorold plexus was left intact, but on the other side,
where thé plexus nad been removed, the ventricle was
collapsed and contained no fluid at all. It may
therefore be taken as a fact, proved as deflnlitely as
any in medical sclence,that the cerebro-spinal fluid
is produced by the choroid plexuses of the lateral,
thira and fourth ventricles and nowhere else, This
does not, of course, eﬁclude the possiblility of sub-
stances other than cerebro-spinal fluid being added to
it during ite circulation. It is not necessary to en-
ter here into thé vexed question as to the exact na-

ture of the formatlon of the cerebro-spinal fluid by

the chorold plexuses, whether it is formed as a se-
cretion (Dixon and Halliburton, lMott (2%) ), or as a i
product of selective dialysis (Mestrezat (25)).

Circulation of the Fluld. The pioneer work of

Majendie, who considered that the fluid flowed up in-
to the ventricles through the opening in the roof of
the 4th ventricle known by his name, was proved fo be
wrong by clinical observers who showed that tumours
compressing or involving the iter of Sylvius were con-

stantly associated witn nydrocephalus. 1t thus hecame
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clear that the fluid was formed, at least in great
part, above the iter of Sylvius and passed out through
the-foramina of Majendie and of Luschka into the sub-
arachnoid space. Leonard Hill (/Y ) found also that it
passed out of the cranial cavity chiefly by the blood
stream, and to a less exfent by the lymphatic channels
of tune neck, Injectlng a solution of methylene blue
into the cisterna magna he found the urine coloured in
less than twenty minutes, whereas the lymphatics of
the neck were only seen to be coloured about one hour
after the injection. The original work of Key and
Retziégnon the arachnoidal villi in relation to the
absorption of the fluid was largely discounted by the
French workers on the subject (Sicard and Cestan ,
Milian, Meatrezat,:Catnelﬁg) who congldered that tne
fluld was absorbed into the blood chietly by way of
tne perivascular lymphatlc spaces in tne cord, and sub
arachnold space.

The question of regorption of the fluid has re-
cently been taken up by Cushing's school of workers
and Weed and Dandy (%) have added considerably to our
knowledge. Weed(m)was able to show that the spinal
resorption of the fluid was negligihle in comparison

with the lntracranlal resorption. He injected a read-
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ily diffusible coloured fluld into the cisterna magnaj
and Jjudged the rapidity with which it returned to tae
blood stream by estimating with the colorimeter the

amount secreted in the urine at various periodse after
the injection. He then tled the dura mater tightly in
the cervical region of the cord and, fepeating the in-
Jection under otherwlige gimilar conditiong, found that
the quantities of pigment recovered from tne urine did
not differ appreciably from those in the control exper-
iment. Dandy formed a similar conclusion from a total-
ly different series of experiments. Having found that
the fluid did not escape through the floor of the third
ventricle after blockage of the iter of Sylvius, he

attempted to find out which was the chief area of re-
sorption. He therefore surrounded the cerebral ped-
uncles loosely with a wick of gauze dipped in iodine
solutlion, in order that adhesions forming round the

mid-brain should prevent fluild passing forwards from
the posterior to the middle and anterior cranial fossae
'nis he was successful 1n accomplishing, and as a re-
sult the animals developed hydrocepnalus, although

more slowly than after the iter of Sylvius had been
plugged. He therefore concluded that the resorption
of cerebro-spinal fluid takes place ¢hiefly from the

middle and anterior cranial fossae, and that what
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resorption takes place in the posterior cranial fossa
and the spinal canal is insufficlent to balance the
amount secreted by the chorold plexuses even when the
intra-cranial pressure is considerably raised. The

work of Weed, confirming that of Key and Retzius on

the arachnoidal villi, proved these structures to be
the channels whereby the larger part of the:cerebro- i
gpinal fluid was returned to the circulation. He in-
jected a solution of iron-ammonium sulphate and pot-
assium ferro-cyanide either into the sub-arachnoid
space.ln the lumbar region or into the cisterna magna,
and after fixation in formalin and hydrochloric acid |
was able.to trace granules of Prussian blue into the
arachnoidal villi in relation to mosﬁ of the large

cerebral venous sinuses.

It is true that using a similar injection fluid
under higher pregsure he was also able to trace tne J
injection to the perivascular lymphatics (Virchow- é
Robin space) of the brain and spinal cord, and even i;
some cases into the nervous tlssue.

Both he and Mott (28)considered that the cerebro-
2| spinal fluld pasged up the perivascular channels to

bathe the nerve cells of the brain and spinal cord,

but these conclusions are not generally accepted. 1n




Weed's experiments as above described the injections
were made under abnormally hlgh pressures. Mott in
his experiments had previousely tied the carotid artery
thereby producing anaemia of tne brain, and his re-
sults cannot therefore be considered as conclusive

for what takes place under normal conditions.

I have been able to inject the Virchow-Robin t

space in the lumbar region of the cord in a rabbit by

injecting indlan ink at moderately increased pressure
into the luﬁbar sub-arachnoid space. But although the
injection penetrated into the ventricles and the peri-
lymph spaces of the internal ear, it did not enter
the Vircnow-Robin space ahywhere_except close to the

Blte of injection.
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Section of rabbit's cord in lumbar region showing in-

filtration of the Virchow-Robln space with granules
of indian ink which had been injected into the sub-
arachnold space at about the same level.
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The Virchow-Robln space normally appears complete
-ly empty in histological preparations, unlese.filled
with cells from within the nervous tigsue, as in dif-
fuge encephalitis or polio-myelitis or in degenerativé
disease or destructive lesion ol the brain or cord, in
which caceg the cells can be traced in histological
preparations to the meninges in the region where the
vessel enters or ieaves the brain or cord; during life
similar cells can be found in the‘cerebro-spinal fluid
Acute syphilitic or coccal meningitis does not produce
infiltration of the Virchow-Robin space except in the
parts nearest to the sub-arachnold space. It does not
therefore seem likely that there 1is normally a con-
stant flow of cerebro-spinal fluld up this space from
the larger to the smaller branches of the vessels.
Nor can cerebro-spinal fluid be abhsorbed by this route
except by a process of diffusion 1in which some at
least of the absorbed cerebro-spinal fluld is replaced
by the tissue fluld which passes into the Virchow-

Robin spaceg irom the nervous tissue.
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The other possible channel for escape of the
fluid is the peri-neural lymphatics. - Undoubtedly
some escape of cerebro-spinal fluld can take place
by thies route, but here again there 1s undoubtedly a
current of lymph 1in the opposite direction, that is
up the nerve toward the sub-arachnoid space and the
Cord. | The work or Orr and Rows(3!), wno produced
toxlic infection of the cord by placing celloildin cap-
sules containing living organisms 1ln connection with
the peripheral nerves, is supported by that of Meyer
and Ransome(26), and recently of Teale and Embleton (3%),
who have shown that tetanus toxin reaches the spinal
cord along the lymphatic channels in the perineurium,
Here agaln, therefore, any absorption of cerebro-
spinal fluid that occurred would merely be in exchange
for the addition of a smaller or greater amount of

tissue fluld to the contents of the sub-arachnoid

space.




| might be granted. But it appears that what little

The spilnal sub-arachnoid space may therefore be
assumed to be a cul-de-sac from which only an extreme-
ly small bulk of fluid 1s drained. This does not nec-
essarily mean that very little cerebro-spinal fluid 1s

absorbed therefrom, although on the premises even tnis

cerebro-spinal fluild 1s absorbed 1s replaced at least
In large part by tlissue fluids from tne.blood stream
reachling 1t elther by way of the Virchow-Robln space,
or the peri-neural lymphatics. It must not, however,
be considered that the fluld normally stagnates in the
spinal cul-de-sac. Two pumpling mechanisms are at work
to prevent this. The cerebral arterial pulsation con-
stantly changes the size of the brain, and as the
skull and cranial dura mater form a firm, non-expans-
ible vessel it follows that tnie pulsation must wve
conveyed to the fluid in the more expansile spinal
theca. There 1s also the venous pulsation due to the
varying phases of regpiration, wuicn though probably
slight under normal conditionsg, can become very con-
slderable when forced regpiratory efiorts are made.

Thls acts wpotnn on tne cerebral veins and on the large

plexus of veins which lles between the spinal canal :. i

and the dura mater surrounding the cord. It 1s possibl

o
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that a considerable congestion of the latter plexus
might almost completely empty the sub-arachnoid space
éurrounding the cord. It might be objected that as
the rise in both cerebral and epinal venousg pressures
would necessarily occur at the same moment, it would
merely cause an increase in the pressure of the con-
tents of the spinal canal without any movement of the
fluld contained therein. But as the cerebral veins
are in much freer relation to the large vessels enter-
ing the heart than are the gpinal veins, it may be as-
sumed that the ppressure in the intra-cranial veins 1is
lowered a moment before that in the spinal veins, and
that during this interval a wave of cerebro-spinal
fluid passes toward the cranial cavity.

There 1s no evidence of any circulation of the
cerebro-gpinal fluid within the spinal theca in the
sense of a current down one surface of the cord and
up the other, or down the central canal and up the
sub=arachnoid space (or vice versa) as has been as-
sumed by some writers. The renewal of the fluid in
the lumbar cul-de-sac mugt therefore be considered to
take place by a procegs of mixing with the fresh fluld
in the cisterna magna, free mixing beling greatly as-
slsted by the arterial and venous pulsations wnlich are|

transmitted to the spinal fluid.
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The amount of cerebro-sgpinal fluid which is norm-
ally formed and resorhed into the circulation must be
conslderable. In cases of fracture of the base of the
brain, in cerebro-spinal rhinorrhoea, and after op-
ératione on the head or spine the leakage of cerebro-
spinal fluid may amount to one or two litres each day.
And although 1t 1s probable that these quantities are
abnormally large it has been calculated by Mestrezat(s)
that under normal conditions the cerebro-spinal fluld
18 replaced six or seven times a day. The guantity of
fluid normally present being from 70 &é.¢. to 120 c.c.,
1t 1s probable that in health from 400 to 800 c.c. of
cerebro-spinal fluid each day are secreted, circulate
and return to the general circulation. If therefore
the communicatlon between the various parts of the
sub-arachnoid space is free, the normal slight ad-
dition to the cerebro-splnal fluid of lymph derived
from the brain, cord and peripheral nerves is in-
sufficlent greatly to alter the chemical constitution
of the whole., When, on the other hand, free com-
munication between the ventricular and the lumbar
flulds 1s hindered by any process which narrows the
channel between the cord and dura mater, or which pro-

duces a matting of the meninges round a part of the
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cord, the mixing of ventricular and lumbar fluids will
be reduced, or will cease completely. The fluid in
the lumbar cul-de-sac will then only be able to inter-
change with the lymph in the Vlrchow-quin space and
in the peri-neural lymphatic channels, and it will
therefore come to approximate more and more closely in
composition to lymph.

On the physiologicdl evidence just reviewed no
other factor need enter into the aetliology of the syn-
@érome than the narrowing or complete obliteration of
the channel by which the cerebrO*épinal fluid in the
cisterna magna mingles with that in the lumbar cul-de-
sac. And when thig factor alone 1is at play the albu-
men content of the lumbar fluid shouldr rise with the
completeness of the block. 1n this connection a phen-
omenon described by Lantuéjoulﬂ?)and otherg is of
interest. He states that in certain cases when the
first puncture has given a yellow fluld cosgulating
spontaneously into a fairly dense jelly, a second
puncture performea on the next day has given a clear
colourlegs fluld differing little if at all from the
normal; but after waiting for some weeks a ﬁhird punc-
ture hag given a fluild simllar or approximating to the
firgt. The explanation of this seems to be that the
obgtruction in the sub-arachnoid space, although under

normal conditions complete, is of such a nature tinat a
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removal of the fluid below it will allow fresh fluid
to pass 1t and feach the lumbar cul-de-sac. The obstrt
uctlionnin such caseg may act as a ball valve, allowing
the passage of fluid from above downwards but not from
oeilow upwards. This would explaln certain caseg wnich
present Froin's syndrome, usgually in an incomplete
form, and in which the fluid obtained at lumbar punc-
ture spurts out under increased prescure. But it 1is
clear that no valve effect 1s needed to produce tne
phenomenon described by Lantuéjoul when the obstruc-
tion in the sub-arachnoid space ig incomplete. For the
block may well be sgufficient to prevent any but the
glightest mixing of the fluids above and below it when
the pressure on eitner side is approximately the same,
but insuificient to prevent the passage of fluid past
1t when the pressure on one side 1is considerably re-
ducéd.
The aetiology of the syndrome 1in cases of acute
myelitis and meningitis anu oui syphilitic meningo-
myelitis presenﬁe little difficulty. In such cases a
cul-de-sac 1s formed by inflammatory thickening of the
arachnold o utne pia mater investing the cord., This
process alone may obstruct the flow in the plal velns,
and iead to caplllary congestlion below it; but in ad-

dition the inflammation of itself causes congestion o1
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the vessels ot the cord. Nor is the inflamed area of
pla arachnold pounded by the lower 1limit of the ad-
hegions in thls membrane, hbut it extends considerapiy
below it, and is batned by fiulid communicating with
that in the lumbar cul-de-sac, which thus receives
and collects the proteids formed by the inflammatory
process.

It 1s unfortunate that fibrin ferment is so often
lacking in the cerebro-spinal fluids which present thne
syndrome of Froin, and that in consequence the fluid
does not clot spontaneously. Lt is in fact doubtful

1f fibrin ferment occurs naturally in any of the cases

_where the syndrome 1s produced by the pressure of a
%tumour, and this is probably the reason why the earli-
:est cases, e.g.those described by Froin and Baﬁinski,
were of an inflammatory origin. In these fibrin fer-
ment 1is constantly present, at any rate wnile inflams
mation is active., It is lucky for the history of the
subject that 1n the operation of lumbar puncture the
fluid 1s not always drawn off without blood contamina-
tion, for when thls occurs, fibrin ferment is provided
and clotting takes place. This occured in case 3.
Mestrezat has suggested that in order to demonstrate

the presence of fibrinogen a drop of fresh blood or

gserum should be added to the fluid. The addition of
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whole blood has its disadvantages, as when onliy a
small quantity or riuid is avallable 1t may be necess-
ary_to contaminate the whole of it witn piood 1in order
Lo test for fibrinogen, and it is not always certain
that the fibrin web thus obtalned doeg not come aito-
gether trom the added blood. It is better to add a
drop of fresh human or animal serum, but this 1is not
80 easlly obtained,

1l nave several times seen highly albuminous yel-
low flulds coagulate during tne Wassermann test arter
the addition of complement. This complietely nullifies
the resultof the test, and ought to be guarded a-
gainst. Thls may be done by coagulating the fluid
previously with a drop of human blood (from a non-
syphilitic) or by heating the cerebro-spinal fluid tor
half an hour to 56°C. It 1s stated by Starling that
fibrinogen is precipitated by heating to 56°C - 60°C,
but I have never found clotting occur in the Wasser-
mann test after the fluid had been heated at the lower
temperature.i

(2) The earlier French writers on the subject
have 1nglisted that for the production of the syndrome
in addition to stagnation of fluld in the lumbar cul-
de-gac, there should be venoug congestion below the

level of the block. Surgeons with great experience




in the operation or laminectomy have told me that in
cases of spinal compression the velns on the dorsal
surface of the cord below the compression are always
congested owing to the current'in these velins beiné
chiefly.upwards.
1t is true that although the main effluent of the spin
-al veins 1s into the vertebral veins at the lower
border of the foramen magnum, there are also emissary
veins leaving the dural sheath along with all the
nerve roots. These veins, however, especially in the
lumbar region of the cord, are relatively much smaller
than the accompanying arteries; and while it 1s pos-
slble that long-conutinued congestion, such as mignu
occur peiow the level of a spinal tumour, might in-
crease thelr lumen, the firmness of the dural sheath
would form a considerable barrier to any such process.
It would therefore seem to be a necessary corollary to
any form of spinal compression that there should be an
increase of blood pressure in the intra-thecal veins
and capillarieg below it,

it 1is probabie that, apart from the effect of
bacterial and other toxins on the walls of capillaries,
the obstacle whicn these present to the escape of fib-~
rinogen varies linversely to the pressure within them.

It would follow, therefore, that the venous congestion
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resulting from the pressure of a tumour would lead to
the escape of a relatively higher proportion of fib-
rinogen than would otherwige occur. It is stated
that there are no capillary vessels in the arachnoid
and therefore the transudation &f lymph into the
spinal sub-arachnoid space must come from within the
cord.

(3) Froin's syndrome in polyneuritis and Landry's
paralysis.

While the theory of "cavite close" 1s justified
by tne tindings at autopsy or operation in a number
of cases, 1t does not seem to explain the pathogenesis
of the syndrome of Froin in the cases of polyneuritis
and Landry's paralysis recorded in tne literature,

No such case, so far as 1 am aware, has come to autop-
sy ﬁhile showing the gyndrome in a typical manner, and
it is therefore impossible to dogmatise on the subject,
But the rapidity with which ﬁhe cerebro-spinal fluid
regailns its normal cihnaracters as thne patlent 18 re-
stored to health, militates against any theory which
postulates inflammatory adhesions in the meninges.
Nor are such adhesionsg found ai auvopsy in cases of
acute polyneuritis. On the other hand it 1is, possible

that there may be in such cases considerable swelling
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of the lumbar enlargement of the cord, and that this
may form a sllght barrier to the mixing of the fluid
in the lumbar cﬁl-de-sac with that at a higher level
in the sub-arachnold space.

Another factor influencing the amount of albumen |
in the fluid obtained at lumbar puncture in such
caseés ig found in the inflammation of the nerves. It
has been seen that there is a lymph current up the
sheaths .of the nerves towards the sub-arachnold space
and the cord. And although the quantity o1 lymph
which travels along this path is probably very smaill
In conditions of health, it may be very consliderable
when the nerves are acutely inflamed. And when the
large slze of tne sciatic nerves 1isg remembered, it 1s
easy to understand how lymph travelling up them and ,
reaching the aub-ar#cnnoid space among the roots of |
the cauda equina would 1influence the character of the
fluid drawn off from this situation.

It 1s, however, only a small proportion of cases
of polyneuritis which shows more than a slight excess
of albumen in the cerebro-spinal fluid. Mestrezat 5)
considers that this increase is only shown by those
.casee in which the ventral horns of the cord pértlcl‘
pate in the inflammation. Eskuchen (/2)thinks that the

changes in the fluld in polyneuritis are due to in-




volvement of the meninges. But as in the cases which
I have examined no definite increase in cells has ac-
companlied the 1increase in albumen, I find it difficult
to accept this supposition.

It ig also probable that vascular congestion 1is
not a necessgary accompaniment oi tune pathological
pictﬁre ol peripheral neuritis. It is stated by
Durante () that neuritis of a purely toxic origin is
not usually associated with vascular changes, though
sometimes the nerves are oedematous and swollen. A-
gain, Landry's paralysis does not always produce
changes in the cerebro-spinal fluild, and Eskuchen (/2)
states that the cases which he has followed to autop-
8y have not shown any such changes. in the present
state of our knowledge, therefore, 1t seems impossilble
satisfactorily to explain jhy the syndrome of Froln
‘should be present in some cases of polyneuritis and
:abaent in others.

(4) The composition oI itune friuilds presenting
the syndrome of Froin is tnus accounted for inaa
general way by stagnation ana vascular congestion,
But there are some other points in connection with
the syndrome into wnich it may be worin wnile priefly
LO enquire.

: Situation of the block. .

; ; 32 : _
It has been snown by Raven éhat the syndrome us-
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ually occurs with greavest intensity when tne block is
low down in the thoraclc or lumbar region. This may
pe explalned on several grounds. In the first place
tne segmental vascular supply (i.e. excluding tnat
derived from tlue vertebral artery) is much greater 1n
the lumbar than in the thoracic region. Therefore a
block, whichcobstructed the ilongitudinal vascuiar
supply 1in tne upper tnoraclic region, woula produce
more vascular congestion in the lumbar than 1n the
thoracic regions of the cord. That 1s to say that,
whatever tne levei 01 iLhe block, tne greatest lymph
transudation would take place from the iumbar region
of the cord.

Secondly the amount of'cerebro-apinal flulid to
which this lymph 1s added varies with the level of the
block, being much larger when the block 1s high up
thaﬁ when 1t 1s in the lumbar region.

Thirdly the pulsationg transmitted to the fluid
in the spinal theca from the vesgsels of the brain dim-
inish in force from above downwards, and are probably
very weak when theyireach the lumbar cul-de-sac.

Nature of the lesion producing the block.

This has been shown to influence the changes 1in

the fluld only to a limited extent and only in rela-
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tion to certaln of 1its constituents. As regards the

cellular picture, while acute inflammatory processes

may lead to comparatively little increase of cells in
the loculated fluild, meninglitis of syphilitic origin
uéually shows its presence by a definite lymphocytosis

It has been seen tnaﬁ usua.lly as the albumen 1in
the fiuid rises, the glucose also rises in percentage
'although to a much less degree. But when the block
1s caused by acute meningitis, glucose may be dimin-
ished or absent.

The proportion of the various albumen fractions

1s a question to which 1little attention has been paild,
probably owing to the difficulty of the chemlcal anal-
ys8is involved. It has been seen that in tumours in
relation to the ventricles or basal cisterns (cases

22 to 25) the total amount of albumen may rise con-
siderably without more than a minimal rise 1n the
quantlity of globulin.

It is not difficult to make a rough estimate of
the proportions of the various globulin fractions
preseht in a fluid by fractional salting oup with
ammonium sﬁlphate after the method of Kafka. Accord-
ing to him 28% saturation causes precipitation of
fibrinogen, 33% saturation, of euglobulin, and 40%

saturation, of pseudoglobulin. The method is not
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delicate enough to show one part in 10,000 of a par-
ticular type of globulin, but will prohably give a
positive resuliv witw 2 or 3 parts in 1v,000. 1 have
recently applied this method to the examination of
highly albuminous flulds, but unfortunately my atten-
tion was only drawn to it after the examination of
most of the fluids included in thls series had bheen
completed. The number of cerebro-spinal flulids ex-
amined by this method has:therefore been too small for
me to draw any concluslions from it but it is probable
that, used over a larger series, the method might
prove to have some diagnostic value.

The exact quantity of fibrin present 1in flulds
Presenting the syndrome of Froln has been estimated
by several observers. Blanchetiere and Lejonnéi%ound'
0+17% and 0-16% of fibrin in their case with 2°55%
and 2-75% albumen. Lantuéjoul and Souques (20)found
V-875% fiprin with 4°285% albumen and 0°155 fibrin
with 4-2% albumen. Derrien, Mestrezat and Roger (¢)
found 0-03% fibrin with 0-6% albumen, and no fibrin-
ogen with 0-4% albumen. In several of my cases I
have found albumen in the region of 0-2% or 0-3%
without a trace of fibrinogen being discoverable. On
the other hand I have never examined a meningitic 7.

fluid in which the albumen had reaéhed thege levels
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and which did not give a copious fibrin coagulum. It
would therefore appear that the proportion of fibrin-
ogen to albumen in cerebro-sgpinal fluids presenting
the syndrome of Froin is small by comparison with that
found in acute inflammatory conaitions.

The proportion of globulin to albumen, on the

other hand, 1s much higher than in meningitlis. Mes-
trezat found 1n one case globulin 0:13% to albumen
0:49%; in another globulin 0-:22% to albumen 0°:65%, in
both cases a proportion of about 1 to 3. Blanchetiere
and Lejonne found globulin 0°808% to albumen 1°742%,

a proportion nearer 1 to 2; In meningitis the pro-
portion of globulin to albumen is much lower, 1 to 8
(Mestrezat) or 1 to 12 (Eskuchen). In fact the pro-
portion of globulin to albumen found in the syndrome
of Froin is only eqﬁalled, and probably is not passed,
by that found in progressive general paralysls, 1ln

which disease Eskuchen computes it at 3 to 7.

Albumoses.

Sicard (3%)drew attention to the presence of albu-
moses 1n certain spinal flulds which presented the
characteriestics of ﬁhe syndrome of FKroln, especially
in cases of Pott's disease of the vertebrae. He at-
tripbuted 1t to the disease in the spinal bones, and

congsidered that it had the same significance as the
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Bence-Jones proteid in the urine of cases ol sarcoma
of the spine. Mestrezat, on the other hand, consider-
ed that the albumoges and peptones arose from the dis-
integration of the stagnating albumens. It is to be
noted that both writers agree that albumoses are neven
found except at the first puncture, and then only in
exceptional cases, 1n which the syndrome 1s present in
its most complete form. Only one of my own cases
showed the presence of albumoses by the biuret reac:.
tion after the albumen had been removed by boiling and
filtering. Thies was a case of tubercular meningitis
following on Pott's disease, and the albumoses may
therefore have been produced either as a result of
the disease in the bone, as in Sicard's hypothesis, or
as a product of digestion of the pre-existing albumen
in the fluld by toxins derived trom the adjacent area
of meningiltis.

Thie 1s one of the many questions presented by
the syndrome of Froin which still require elucidation.
This can only come after new work on general tissue
metabolism and the interchange of tissue flulds has
cleared away the haze in which these subjecte are
wrapped; and when thls 1s done many of the anomaliés
presented by the cefebro-aginal fluid will cease to

exlist.
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SUMMARY of CONCLUSIONS.

1. The syndrome of Froln conslsts essentially in
the approximation of the character of the fluid ob-
tained by lumbar puncture to that of blood plasma.
Thlis approximatlion 1s never so complete as to render

it identical.

2. This change takes place characteristically
when the fluld in the lumbar cul-de-sac 1s completely
cut off from communication with the fluid in the ven-.
tricles and cisterna magna. This may be produced by
tumours or other disgease in the bones of the spine, by
tumours o1 the meninges or cord, or by inflammatory :

adhesions in the pla-arachnold membranes.

3. The degree of change in the fluld depends more
on the completeness of thlis block, than on the nature
of the blocking process. But certain chemical con-
stituents in the fluld may vary in relation to the

nature of the obstruction.

4., The production of the syndrome is aided by
venoug congestion below the level of a compression, or
by inflammation in the meninges and cord below an area

of meningeal adhesgion.
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b, it is not necessary to postulate any obstruc-
tion ol Lne perineural or perivasgscular lymphatics.
The Lymph which reacnes the sub-arachnold space along
them aids in the production Oflbue syndrome. Acute
peripheral neurities may inifact itself produce an an-

alogous condition in the cerebro-spinal 1luild.




REFERENCES.

1. Ayer, J.B.

2. Babinski, J.

3. Blanchetiere, A,
et Lejonne, P.

4, Cathelin, F.

5. Cegtan, R. &
Ravaut, P.

6. Claude, H,

7. Cooper, C.M.

8. Dandy, W.E.

/00,

The experimental production of]
the syndrome of Froin. Ar-
cuives or Neurology and Psych-
iatry, 1818, Vol.lI., p.1los.

Meningite haemorrAaglque £ib-
rineuse. Fraraplegile spasmod -
ique, etc. Bulletins et mé-
moires de lat Sociéte médicale
des HOpitaux. 1908. p.1082,

Syndrome de coagulation mass=>.:
ive et de xanthochromie dans
un cas de sgarcome de lardure
mére. Gazette des HOpitaux,
1208, p. 1303.

La circulation du liquide
cephalo-rachidien, etc. Paris,
1812,

bougulation en masse et xan-
thochromie du liquide céphalo-
rachidien dans un cas de
pachy-méningo-myélite du cOne
terminal. Gazette des HOp-
itaux, 1204. p. ©85.

Polynevrite alcopolique ayant
debuté par un syndrome meninge
avec coagulation massive du
liquide céphalo-rachidien. Re
-vue Neurologique, 1wUy,V.XVII
p. 1420 - 1422,

A case of spinal tumour pres-
enting unusual appearances 1n
the cerebro-spinal fluid.
Journal of American Medical
Association, 1910, p. 2298.

Experimental hydrocephalus.
Annals of Surgery, 1919,
Vol.lLXX., p. 129.




10.

b 2

12.

13.

L4,

15.

Derrien, K., Mes-

trezat, W. & Roger, H.

Donath, J.

Durante, G.

Eskuchen, K.

Forbes, D. and
Adam,D,C,

Froin, G.

Froin, G. et
Foy, G.

/O?. %

Syndrome de coagulation
massive, de xanthochromie
et 4' hematolymphocvtose
du liquide céphalo-rach-
ldien, meningite rachid-
ienne hemorr&gique et
cloisonnée. Revue Neur-
ologlique, 1009, Vol.XVII,
Pl

Beitrag zur Landry'schen

Paralyse. Wlener klinis-
che Wochenschrift, 1905,

D 1387

Manuel d'Histologlie Path-
ologique, (Cornil et Ran-
vier), Vol. III, p. 425.
Paris, 1907.

Die Lumbalpunktion,
Berlin, 1919.

Notes on cases of epidem-
ic cerebro-spinal mening-
itis. Publlic Health,
1914-15, Vol. XXVIII,
p. 225.

Inflammation meningee

avec réactions chromati-
que, fibrineuse et cytol-
ogique du liquide céphalo
-rachidien. Gazette des
H8pitaux, 1903, p. 1005,

Syndrome de coagulation
massive au courss d'une
meningite. Action nocive
d'une 1njeution sous-
arachnoidienne de collar-
gol. Gazette des HOpi-
taux, 1908, p. 1587,




16‘

17,

18,

1_9.

20.

23.

Hanes, F.M.

Hill, Leonard

Key, G. und
Retzius, A.

Lantuéjoul, Pa

Lantuéjoul, ., et
Souquesg, A,

Marie, Folx et
Bouttler.

Marie, P., Folx
et Robert.

Marinesco, G. et
Radovicl, A.

//0

The spinal fluld syndromes
of Nonne and Froin and their
diagnostic significance,
American Journal of Medical
Sciences, 1916, Vol. CLII,
D= 66

Physiology and Pathology of
the Cerebral Circulation,
London, 1896.

Studien in der Anatomie des
Nervensystems und des Bindes-
gewebes. Stockholm, 1876.

La coagulation massive et
spontanée du liguilde céphalo-
rachidien. Revue Neurologi-
que, 1920, Vol. XXVII, p. 33¢

Hyperalbuminose énorme du
liquide céphalo-rachidien
dans un cas de coagulation
masslve. Revue Neurologique,
1820, Vol. XXVII, p. 137.

Double ponctlion sus et sous-
lésionnelle dans un cas de
compression medullaire: etc.
Revue Neurologique, 1914,
Vol. XXl =p. 315,

Service que peut rendre la
ponction rachidienne prat-
iquée a des etagea differents
pour le diagnostic de la jau-
teur d'une compression médul-
laire. Revue Neurologilque,
1913, Vol. XXI, p. 712.

Sur quatre cas du syndrome de
coagulation massive du

liqulde céphalo-rachidien et
xanthochromie. Revue Neurol-
ogilque, 1813, Vol. XXI, p.=268




24,

25,

26,

27.

28.

20.

30.

31.

Marinesco, G. et
Radovici, A.

Mestrezat, W.

Meyer and Ransome.

Mix, C.S.

Mott, F.W,

Nonne, M.

Orr, D. and
Rows, R.G.

Raven, W.

etec. Brain, 1918, Vol.XLI,

LLL.

Sur le syndrome de la xan-
thochromie et de la coagu-
lation massive du liquide
céphalo-rachidien.

Nouvelle Iconographle de la
Salpetriére, 1913, Vol.XXVI,
p. 484.

Le liquide céphalo—rachid-
ien normal et pathologilque,
Paris, 1912.

Archiv. far experimental.
Pathologle und Pharmakol-
ogie, 1203, Bd. aLlX, 5.3567

Spontaneous massive coagu-
lation of the cerebro-spins
al fluid witn xanthochromia
etc..Clinics of Jonn 5.
Murphy, 1915, p. 317.

The Oliver-Sharpey Lectures
on the Cerebro-spinal fluid.
Lancet, 1910, Vol.II, pp.1
and 79.

1
Uber das Vorkommen von |
starker Phase I-Reaktion
bei tehlender Lymphocytose |
bel 6 Fallen von Ricken-
marks-tumor. Deutsche
Zeltschrift fur Nervenheil-
kunde, 1910, bBd.XL, S. 161.

Subacute and acute inflam-
matory reactions produced
in the spinal cord by in-
fection of its lymph stream

D.l.

Die Bedeutung der isollerten
Eiwelssvermehrung und der
Xantochromie im Liquor
cerebrogplnalis fur die
Diagnose von Kompression
des Ruckenmarks. Deutsche
Zeltschrift fur Nervenhell-
kunde, 1912, B4A.XLIV, S.380.




32.

33,

54-

35.

56,

37.

38.

39.

Raven, W.

Renon, L. et
Monier-Vimard,R.

Rindflelsch

Salin, H. et
Rellly, J.

Sicard, J.A. et
Descomps, F.

Sicara, J.A.,
Folx et Salin

Teale, F.H., and
Embleton, D.

Weed, L.H.

[

Der Liquor cerebrospinalis bel
Ruckenmarkskompression. Deut-
gsche Zeltschrift fur Nerven-

heilkunde, 192C,BALXVI],S.55.

Paralysle ascendante de Landry
etc. Bulletlns et Memoirea de
la Société Médicale des HOpi-
taux de Paris, 1909, p.32.

Uber diffuse Sarkomatose der
weichen nirn- und Ruckenmarks-
haute mit charakteristiscuen
Veranderungen der Cerebro-
spinal flussigkelt. Deutsche
Zeitschrift fur Nervenheil-
kunde, 1904, Bd.XXVI, S.18b.

Reproduction de la dissociax
tion albuminocytologique du
liquide céphalo-rachidien dans
les pachyméningites expériment
-ales. Comptes fendus de la
Sociéte de Biologie, 18135,
Vol.Il, p.711,

Syndrome de coagulation mas-
give, de xanthochromie et

a' nematolymphocytose du 11-=
quide cephalo rachidien,
Gazette des nopitaux, 1908,
Vol.lXXXl, p. 1451.

i s
Réaction *du liquide cephalo-
rachnidien au cours de la
pachymeningite pottique. La
Presse Médicale, 1910, p. 977.

Studies in Infection. 1I.
Journal of Pathology and Bact-
erioclogy, 1912, Vol.XXIII,p.50C

Studiee on the cerebro-spinal
fluid. Journal of Medical Re-
search, 1914-15, Vol.XXXT.




