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PREFACE

ThHis little book contains the material prepared
for the Lettsomian Lectures of the Medical
Society of London for 19o6. The short time
devoted to a lecture, and the large amount of
material available for each one, made me decide
to give the Lectures as lantern demonstrations.

Previous to 1906 the Lettsomian Lectures have
been delivered for fifty-five years. It is interest-
ing to note that the subject chosen by me had
never before been selected by a Lettsomian
lecturer.

I heartily thank the many friends who have
been willing to let me have the use of their
illustrations. I thank Dr. Charles Green for
looking up many cases for me, and my brother,
Hamilton Ballance, for the illustrations and notes
of specimens in the Norwich Museum.

Since the Lectures were delivered some cases
have been brought up to date, and a few have
been added.

Fresh from a visit to the great hospitals and

laboratories of Philadelphia and Baltimore, I am
& ;
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LECTURE 1

REMINISCENCES OF DR. LETTSOM—SOME POINTS IN
THE SURGERY OF THE CEREBRAL MEMBRANES

Anatomical, physiological, and physical considerations—The sub-
dural and sub-arachneid spaces—The cerébro-spinal fluid—
Subdural hemorrhage in adults and infants — Traumatic
encephalocele—Pathology of meningeal infections—Subdural
and sub-arachnoid suppuration — Varieties of meningitis —
Symptoms and diagnosis—Surgical treatment of tubercular and
suppurative meningitis and of hydrocephalus interna.

[T is my duty, as it is my pleasure, to acknow-
ledge gratefully the honour which the Council
of the Medical Society of London has conferred
upon me by inviting me to deliver the Lettsomian

lectures.

Reminiscences of Dr. Lettsom.

These lectures were founded to commemorate
a great physician who, a century ago, was a leader
of medical practice in London. It therefore
seems only right briefly to recall something of
his life and work before entering upoh the
subject matter of the lectures.
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John Coakley Lettsom came of a Quaker
family. He was born in 1744 in the West
Indies, and died in London in 1815. .

Sent at an early age to England to be educated,
he chose medicine as his profession, and, in
accordance with the custom of the time, was
apprenticed, the master selected for him being

F16. 1.—John Coakley Lettsom, M.D., LL.D., F.R.S.

a Mr. Sutcliff then practising at Settle in York-
shire. After his apprenticeship he attended
St. Thomas’s Hospital, where he was most
diligent in his observation of the. patients, of
whose cases he made notes, a custom not then
usual. '

His first practice was in the West Indies.
He had returned to the place of his birth to
claim the residue of a property left to him by
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his father. It consisted of a portion of land and
some fifty slaves; these latter he promptly
emancipated, slavery being altogether repugnant
to his nature.

He thus found himself dependent upon his
profession for support, and commenced practice
in Tortola. It is recorded that “in five months
he amassed two thousand pounds,” a financial
success attending the early efforts of very few. He
gave half this sum to his mother, and with
the remainder returned to England in September
1768. ‘

He spent several months visiting the Univer-
sities of Edinburgh, Paris, and other centres of
learning, and took the degree of M.D. at the
University of Leyden.

Soon after graduating he returned to London,
and commenced practice in the City under the
patronage of Dr. John Fothergill. His success
was early and complete, and it is stated that for
a number of years he enjoyed the largest practice
in the City of London.

Of this Society he was one of the original
Fellows. The memoirs of the Society bear
witness to the prominent part he took in its
discussions, while the freehold property from
which we still derive a revenue attests the
generosity of his benefactions. :
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He was no less celebrated for liberality of
mind and benevolence than for his skill as a
physician.

The following is one of the more extra-
ordinary instances of his generosity. He was
attacked and robbed by a highwayman, but far

from bearing any resentment, he gave the man

FiG. 2.—John Fothergill, M.D,, F.R.S.

his address, and offered him further assistance.
The robber responded to this invitation, and
Lettsom succeeded in obtaining for him from
His Majesty a commission in the army, and he
served the country with distinction.

Lettsom was a voluminous writer, and did not
confine himself to medical subjects. His non-
medical writings were chiefly upon matters of
public utility or on philanthropy, such as the
properties of the tea-plant, the cultivation of the
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mangel-wurzel, the abolition of slavery, and the
relief of the poor.

He was not learned in the highest acceptation
of the term, yet he was the friend and the patron
of learning. Wherever his influence extended—
and it was not narrowly circumscribed—science
and useful literature flourished.

He was particularly keen on exposing quacks.
On one occasion he insisted on a post-mortem
examination as a  urine caster’ had asserted
that the disease which had caused death was in
the kidneys, whereas Lettsom maintained that
the symptoms—headache, vomiting, slow pulse,
and vertigo—were due to disease of the brain.
The autopsy showed healthy kidneys, and inflam-
mation within the skull, probably the result of
a former injury.

His correspondence was extensive, and many
remarkable letters have been preserved, which
show the variety of subjects in which he took
interest, and afford many evidences of his kindly
and sympathetic nature.

The amenities of medical life appear to havc
somewhat differed, in their forms of expression
at least, from those of the present day. It is
recorded that Lettsom was much angered by the
discourtesy of Mr. Baker, one of the surgeons of
the hospital. Mr. Baker had a son who suffered
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from epilepsy, which somewhat impaired his
understanding.  His medical colleague Dr.
Akenside inquired to what study he proposed
to place him; Mr. Baker replied, “I find he
is not capable of making a surgeon, so I have
sent him to Edinburgh to make a physician of
him.”

Another instance of the manners of the times
is afforded by the well-known ungenerous epi-

gram written of Lettsom—

When patients come to I,
I purges, bleeds, and sweats ’em.
If after that they choose to die,

What’s that to I,
I lets ’em.

Lettsom undoubtedly earned a handsome pro-
fessional income, but the extent to which his
private fortune must have been injured by his
generosity to others may be gathered from one
of his letters, dated 18th February 1783. Reply-
ing to an intimate friend who had upbraided him
for neglecting to take any adequate relaxation,
he says, “I have a weakness which I cannot
overcome. I hope and believe it does not result
from ambition or from vanity ; but so it is, how-
ever, that if I hear of want, I often distress
myself to obviate that want. In looking over
my expenses since January last, I find I have
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expended above six hundred pounds in donations ;
and, like a necessitarian, I have no power to con-
trol this extravagance. Thus with an income of
£ 5000 per annum I am always involved ; and
what is still more alarming, my pensioners
increase daily. I mention my extravagance as
an excuse for my perpetual application to busi-

Fi16. 3.~—Garden view of Dr. Lettsom’s house at Camberwell.

ness ; for since the year 1769, when I first
settled in London, I have not taken one half-
day’s relaxation, and I cannot get to Grove Hill
above once a fortnight.”

Though there were no death duties in his
time, he distributed his wealth during his life—
a form of charity much more real than that
commonly practised of distributing after death
what can no longer be retained.

The story of the rescue of a starving family
as the result of an early morning walk is typical
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of Lettsom’s life. This family was saved from
starvation, and with the co-operation of the
churchwarden of Little Greenwich in Bishops-
gate Street was given a new start in life.

Lettsom writes * that he has experienced how

Fi6. 4.—Destitute family relieved as a result of one of Dr. Lettsom’s morning
walks in the Metropolis.

greatly the sight of real misery exceeds the
description of it,”’ and again

To pity human woe,
Is what the happy to the unhappy owe.

Physician, student of nature, and philan-
thropist, Lettsom passed into the silent world,
leaving behind him a host of friends and a name
ever to be associated with boundless private
charity and numerous projects for the public
weal.
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Of Lettsom it may be truly said—

To live in hearts we leave behind is not to die ;

and,

The souls of the righteous are in the hand of God.

In this lecture I propose to consider the posi-
tion of surgical intervention in the disease, or
rather group of diseases, having for anatomical
basis a lesion of the meninges.

Anatomical, Physiological, and Physical Observations.
The Subdural and Sub-Arachnoid Spaces.

We are all familiar with the three-fold mem-
branous investiture of the central nervous system,
but the special importance of certain anatomical
details is less well understood.

Axel Key and Gustav Retzius in 1875 pub-
lished the result of several years’ research in a
beautiful monograph, which, as Charpy says, has
remained the classical work on this subject,
though their results have not been confirmed
(or corrected) by subsequent workers.

Key and Retzius showed :—

1. That there is no gross communication
between the subdural and the sub-arachnoid
spaces.
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2. That the sub-arachnoid and the subdural
spaces of the brain can be completely injected
from the corresponding spinal spaces.

3. That fluids injected separately into each of
these spaces mix in the subdural space of the
Pacchionian bodies, then pass on into the venous
sinuses, and even reach the veins of the scalp.

4. That injection of the sub-arachnoid space,
after death or during life, at a low pressure shows
that at the base of the brain it is broken up into
certain definite spaces of considerable capacity,
and that over the cerebral “hemispheres the sub-
arachnoideal mesh-work is more abundant in the
sulci than over the tops of the convolutions, so
that these latter, as another writer has aptly
expressed it, stand out from the general injection
mass like the hedges of a flooded land.

5. That the blood - pressure in the cerebral
sinuses, though diminishing during inspiration,
is always positive, and that the pressure of the
cerebro-spinal fluid in the sub-arachnoid space
always exceeds by a few mm. of Hg. the cere-
bral venous pressure, and that therefore the flow
of fluid is from the sub-arachnoid space into the
venous system. As the specific gravity of the
cerebro-spinal fluid is less than that of the blood,
any flow determined by osmosis would be, in the
main, in the same direction.
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As the result of his own researches, Leonard
Hill maintains that the sub-arachnoid space is
¢ chiefly a potential rather than an actual space,
except in those few places where inequalities of
the brain surface are rounded off by small col-
lections of fluid beneath this membrane,” and
that < the living‘brain with its circulating blood
almost entirely fills the cranium, and the fluid
that moistens its surfaces is little more in amount
than the synovial fluid in a joint.”

This latter statement is certainly true of the
subdural cavity, but is less clearly applicable
to the sub-arachnoid space; and when it is
stated that the plates in Key and Retzius’ mono-
graph, which are copied into most anatomical
works of to-day, give an entirely erroneous idea
of the contents of the cranium in the living
animal ”; it seems desirable to point out that
these authors made their injections shortly after
death, and do not suggest that the spaces are
normally distended to the same degree during
life, and that they controlled their results ob-
tained from injections on the cadaver by ex-
periments on living animals. It must not be
forgotten that however little fluid there may be
in the sub-arachnoid cavities at a particular
moment during life, yet a considerable amount
is present in the ventricles with which the
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sub-arachnoid cavities are in direct communica-
tion.

The well-known figure of Key and Retzius,
showing the sub-arachnoid spaces fully injected
as they appear in a vertical median section of
the head, was expressly intended to represent
the relationship “of the various parts of the
brain when the ventricles and the sub-arachnoid
space were distended with fluid.” The blood-
pressure being nil, the injection would displace
most of the blood from the vessels of the pia,
driving it at least as far as the venous sinuses,
and the sub-arachnoid spaces would therefore
appear exaggerated.  Artificial distension by
injection is a usual and well-known method
of anatomical demonstration. For example, it
would scarcely be contended that Sappey’s illus-
trations of the lymphatics, as demonstrated by
injection with mercury, were intended to repre-
sent their normal state of distension during life.

Whatever the normal condition of the sub-
arachnoid spaces may be, they certainly become
distended during life with blood or purulent
effusions ; of this any one who has attentively
made a few post-mortem examinations must be
convinced.

In the illustration of posterior basal menin-

gitis published by Dr. Lees and Sir Thomas
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Fic. 5.—Anterior part of cisterna magna distended by artificial injection.

(Key and Retzius.)

The injection was made into the sub-arachnoid space of the spinal theca. The
injection has penetrated everywhere beneath the arachnoid, in the interpeduncular

space, and in the sulci between the convolutions.

Fi6. 6.—Anterior part of cisterna magna distended
with pus. (Lebert, 1861.)

From a case of suppurative meningitis in a soldier aged
24 years. Death on the fourth day. The onset was
sudden, and the symptoms were fever, shivering, severe
occipital pain, prostration, delirium, and finally coma.

F16. 7.—Posterior basal menin-
gitis. (Lees and Barlow.)

Child aged § months. Dura-
tion of illness 11 days.

The dark shading indicates the
sites of pus collection under the
arachnoid. The anterior part of
the cisterna magna was distended,
and pus was also present over the
tips of the temporo-sphenoidal
lobes.
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Barlow, the anterior part of the cisterna magna
is seen distended with pus, just as one of Key and
Retzius’ figures shows it distended artificially by
injection.

It is a common surgical experience—for
example, in operating to relieve optic neuritis—
that it is easy to obtain a flow of fluid from the
sub-arachnoid space of the base of the brain
while it is almost impossible to do so from the
vertex—opening the subdural cavity is for such
a purpose a useless measure.

The only place at which, from the figures
of Key and Retzius, it would be reasonable to
infer that a considerable flow of cerebro-spinal
fluid would be obtained is below the cerebellum.
It is just here that the surgeon most easily
obtains a rush of cerebro-spinal fluid and is able
to establish drainage.

Imbert, in 1884, wrote : “The principle of
Archimedes, in conjunction with that of Pascal,
explains the manner in which certain fluids of
the animal economy afford protection to the
organs immersed therein. The brain, for ex-
ample, loses 98 per cent of its weight when
immersed in cerebro-spinal fluid, for the differ-
ence in specific gravity between the brain and
the fluid is only oc.02. A brain which would
weigh 1500 grammes in air would only weigh
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30 grammes in the cerebro-spinal fluid : it is
this weight, then, of 30 grammes which
represents the whole pressure of the brain on
the base of the skull. So feeble a pressure,
scarcely amounting to 1 decigramme per square
centimetre, would neither damage the extremely
delicate texture of the nervous centres nor offer
the least resistance to the circulation of the
blood in the interior of the brain. Further,
fluid interposed between the brain substance
and the cranium lessens the effect of blows and
external shocks by spreading compression pro-
duced at any one point over the whole surface
of the brain, in accordance with the law that
pressure is equally distributed in all directions.”

Though it cannot be admitted that the
physical conditions are anything like so simple
as Imbert’s description would lead us to believe,
yet the almost constant escape of the brain stem
in injuries of the head points conclusively
to the existence of some special protective
mechanism.

The sub-arachnoid cisternz, partitioned off as
they are so that fluid only slowly escapes from
one into another, are well fitted to act as a kind
of hydraulic buffer, and notwithstanding the
view that the sub-arachnoid space is a potential
space only, it would appear that the cisterna are
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of importance in protecting the isthmus cerebri
from injury.

The weight of the brain is not wholly, or
even to any considerable extent, supported by
hydrostatic pressure ; its anterior and posterior
extremities rest upon

planes inclined in op-
posite directions, viz.
the orbital plate of the
frontal bone and the
tentorium cerebelli ;
the middle lobe fits
with great accuracy
into the middle fossa,
and the falx cerebri
prevents any side-to-

- side movement of the
F1c. 8.—The brain stem. . )
(Key and Retsius.) hemispheres; a very

Note the sub-arachnoid trabeculz which thin layer Of ﬂllid

prevent movementof the brain stem against
the foramen magnum.

would in ordinary
circumstances prevent any injurious shock from
impact of the brain substance against the resisting
bone.

From the mass of the hemispheres the
isthmus cerebri passes almost vertically down-
wards, its lateral displacement is prevented by
the sheaths of the nerves issuing from it and
by bands of sub-arachnoid connective tissue, and
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the amount of fluid by which it is surrounded is
sufficient to give material mechanical support.

It is to the parts below the tentorium that
Imbert’s purely physical statement of the con-
ditions present more closely applies.

Hill’s experiments led him to conclude that
though the amount of blood in the arteries or
veins of the brain may and does vary consider-
ably, the absolute amount of blood within the
cranium does not vary to any great extent, the
observed circulatory variations being variations
in the distribution of blood and not in its
total amount, and the atmospheric pressure
being the chief factor in maintaining these
conditions.

Sir Thomas Watson in the fifth edition of
his Practice of Physic observed that he formerly
taught this view, and mentioned some experi-
ments by Munro and Kelly which led him,
though with some hesitation, to accept it ; the
experiments of Burrows, however, convinced
him that it was erroneous.

It would certainly be thought that if the
atmospheric pressure exercised so considerable
an influence on the cerebral circulation this
would be profoundly modified when the dura
or even the skull was opened; surgeqnsv do

not, however, observe any profound change in
€
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the condition of the patient at the moment of
opening the skull.

No more marked disturbance of the circula-
tion is observed on opening the skull than on
opening the peritoneum ; when the surgeon
incises the dura mater there are no phenomena
comparable to those occurring when the normal

parietal pleura is incised.

The Cerebro-Spinal Fluid

The cerebro-spinal fluid is a secretion and not
an exudation. Mott has recently laid stress on
this point. He writes : < It is comparable to the
amniotic fluid and the sweat for true albumin
and fibrinogen are absent. (It may be noted
here that one function of the amniotic fluid is
protection.) At each cardiac systole it is driven
from the cranium into the spinal canal. (This
may in part explain the presence of blood
and pus in the spinal theca when purulent and
hzmorrhagic effusions occur within the cranium.)
A layer of arachnoid like a sieve follows the
pial vessels as they dip into the brain, and thus
forms a perivascular canalicular system. The
vessels are therefore always surrounded by a
constant fluid pressure.” The cerebro - spinal
fluid is of course not lymph, but these arachnoid
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sheaths play a part in the brain that is elsewhere
the sole function of the lymph sheaths. In this

manner oxygen, which is
necessary for the bio-
chemical changes of ner-
vous tissue, is probably
carried by the cerebro-
spinal fluid to all parts of
the central nervous system.

On  examining the
great lymph sheath around
the aorta of the turtle in
the Royal College of
Surgeons Museum, it
occurred - to me that it
would be interesting to
examine the membranes
around this creature’s
brain. It will be noticed
that the cranial subdural
cavity of the turtle is
not a potential but an
actual space, and that
delicate connective tissue
bands cross it, as in the

F16. 9.—Portion of aorta of turtle
(Chelonia Mydas) showing capa-
cious lymphatic sheath surround-
ing the artery.—(R.C.S. Museum,
Physiological Series, No. 863 c.)

sub-arachnoid space of man, to prevent displace-

ment of the brain stem (Figs. 9, 10, and 11).
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F16. 10.—Dissection of head of turtle, with brain stem exposed.
Note the trabeculz of areolar tissue crossing the wide subdural space to prevent
displacement against the surrounding rigid brain case.
The turtle heads were kindly supplied by Messrs. Buszard of Oxford Street.

F16. 11.—The brain stem in the embryo.

Fig. 11 a.—Drawing of section of head of human embryo (about four months).
(x 2). A large space is seen between the brain stem and the skull. In this space
the basilar artery can be recognised lying nearer the brain stem than the skull. ‘The
space is crossed by delicate bands of embryonic connective tissue.

FiG. 11 b represents a portion of the same specimen as seen under a one-inch
objective. The basilar artery and the connective-tissue bands are more plainly shown,
and fine vessels can be seen penetrating deeply into the brain substance.

The specimen was prepared by Dr. Charles Green, who kindly allowed me
to use it.

e e R L e Bl
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Hematocele of the Subdural Cauvity in Adults
and Infants. Traumatic Cephalhydrocele and
Encephalocele.

It has already been pointed out that the
subdural and sub-arachnoid cavities are often
defined " and distended by effusion of blood
following injury. Time will not allow a full
discussion of this subject, but reference may
briefly be made to cases in which a blow
on the head or a fall is followed at some
distance of time by obscure cerebral symptoms,
among which mental disturbance and transitory
paralysis are prominent ; in some such instances
a considerable h@morrhage has taken place into
the arachnoid cavity, the blood has become en-
cysted, and like a blood collection in the tunica
vaginalis, has continued to increase in size,
causing slow pressure on the brain.

I successfully removed such a cyst, which
measured seven inches in its long diameter, four
and a half in its short, and one and a half in
thickness, from a man aged thirty-four years,
a patient of Dr. James Taylor, who had narrowly
escaped being consigned to a lunatic asylum,
where he might possibly have been labelled
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«general paralysis » and died without relief
(Figs. 12 and 13).

ISP

F16. 12.—Diagram of subdural hematocele. (Taylor and Ballance.)

Horizontal section showing the position of the “cyst” and the compression of
the cerebral hemisphere, and explaining the occurrence of expansile pulsation in the
tumour. 'The marks * * show the extent of the opening in the skull. The tumour
being fluid, the pulsations of the brain were transmitted in every direction ; hence
when the finger and thumb grasped the centre of the tumour (see arrows in the
centre of the cyst) they were separated by an expansile pulsation comparable to that
which obtains in aneurysm.

Fic. 13.—Photograph of the outer surface of the tumour. (Taylor and Ballance.)
p (R. C. S. Museum, No. 3837 A.)

An opening has been made in the cyst wall, which exposes in the specimen a
deep red clot.

The following two cases of operation for

subdural hzmorrhage I have not previously
published :—

C. K., female, aged twenty-six years. Admitted
December 21, 1904, into the National Hospital under
Dr. Ferrier.

R W SENPTN Cl « B R PRy
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History [(obtained from husband).—No neurosis
in family. Married eighteen months. Now five
months 'pregnant. No history of injury. A month
ago her husband was leaving home in the morning for
his work when he heard a cry, and on going back
found his wife shrieking and in a demented condition.
She was violent, and tossed herself about. Next day
condition much the same, but some weakness of right
arm was noticed. She continued screaming, with
intervals, during which she would repeat meaningless
combinations of words, or point to things seen by
herself apparently of a terrifying description. She
remained in this state for a month. Recently paresis
of right leg had been noticed.

On admission.—Patient lies on her back continually
crying out and waving her left arm. She does not
seem to recognise objects presented to her. On being
moved she utters loud cries. When not crying she
lies in an exhausted semi-comatose condition. She has
double optic neuritis, but is able to see. Pupils normal.
Marked weakness of right side of face; complete flaccid
paralysis of right arm, and nearly complete paralysis of
right leg. Left arm moves well. Abdominal reflexes
absent on right side. Knee-jerk brisk, and ankle clonus
present on right side. Urine retained ; faces passed
unconsciously.

Operation, December 24, 1904.—The patient has been
kept quiet under morphia ; she is more exhausted and
her pulse is weaker. The left motor area was exposed.
A subdural hzmatocele compressing the Rolandic area
was found. It extended forwards to the frontal pole
and downwards towards the base, and was half an inch
thick. It was removed without difficulty. Patient was
much better after the operation, and all went well for
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ten days. On January 7 pneumonia supervened, and
the patient died on January 1o. There had been a
little blood noticed on the dressings for a few days.
This had come from cortical vessels, possibly those
which had furnished the blood of the hamatocele.

W. M., male, aged forty-eight years. Admitted on
March 28, 1906, into the National Hospital under Dr.
Ormerod.

The family history was good ; no epilepsy nor other
neurosis could be traced in it. The patient denied having
had venereal disease, but admitted having incurred
the risk of contracting it. He had worked hard and
had had recent mental worries. Much head work, but
no manual labour. In May 1905 he was struck hard
on the right side of the head by the falling lid of a
flush tank ; he did not lose consciousness. Since then
he has suffered from headache on waking in the
morning. In February 1906 he had an illness thought
to be influenza, and was sick once or twice without
obvious cause. Since then he has had headache, occipital
and retro-ocular. When he gets out of bed his sight
becomes temporarily blurred ; he has diplopia occasion-
ally. No definite giddiness. Has vomited six times
since the “influenza.” Sight has been worse during
the last four weeks. The symptoms have varied.
A week before admission he was thought to be
better.

On admission.—Is slightly emotional ; cerebration
slow ; takes some time to answer even simple questions.
No alteration of smell, taste, or hearing. Sight much
impaired ; reads one inch letters at four feet. No
hemianopsia ; fields not contracted. (Rough test only).
Optic Discs.  (Mr. Gunn.) Right: Intense fungiform
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papillitis with numerous heemorrhages. Highest point
seen with +9 D.  Left: Same as right. Highest
point seen with + 9.5 D.  Pupils normal.

Tongue when protruded deviated slightly to left.
Complains of dull, constant headache, occipital, retro-
ocular, and frontal. No weakness of face or arms.
Cremasteric reflex difficult to obtain on left side.
Patellar and ankle reflex more brisk on left than on
right side. Ankle clonus well marked on left, slight
on right side. Gait feeble and slightly unsteady. No
- tenderness of cranium.

Operation in two stages. Bone removed over right
frontal lobe. On opening the dura a thin layer of clot
enclosed in a membrane found over the whole convex
surface of the right hemisphere, from frontal to occipital
region. This was removed. A cortical vein in the
frontal area bled a good deal; apparently it was
attached to the clot capsule, and may have been the
cause of the subdural hzmorrhage. The clot was
thicker (about quarter inch) over the anterior part of
the frontal lobe and over part of the Rolandic area;
elsewhere it was very thin. Patient left hospital con-
valescent on May 16, 1906.!

This matter did not escape the astute obser-
vation of Richard Bright, who in 1831 wrote :
“There is a species of partial accumulation of
fluid in the brain which must not be passed
over without notice: I mean serous cysts
forming in connection with the arachnoid, and
apparently lying between its layers, or attached

1 See another case of successful operation for Subdural Hemorrhage on
page 87. 5
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by thin adventitious membranes. These are
occasionally discovered on dissection, and have
either produced no symptoms or have _been
quite unsuspected till after death. These cysts
vary in size from the size of a pea to that of a
large orange, and may be considerably larger.
They appear to be of the most chronic character,
and probably never enlarge after their first
formation. 'The brain is completely impressed
by them, so that when the fluid is let out a
permanent cavity remains, and even the bone of
the skull is moulded to their form.”

Two cases are illustrated in Bright’s work.

The post-mortem appearances in one of these
are thus described : “ On sawing through the
skull-cap a sudden gush of limpid fluid attracted
attention, and examining whence this fluid
escaped, a considerable oblong depression was
found in the middle lobe of the right hemisphere.
On minute inspection the fluid, which amounted
to at least twelve ounces, had been contained in
a cyst formed by the splitting of the arachnoid
membrane, which had pressed on the middle
lobe of the brain, and thus produced a corre-
sponding depression. The membranes and sub-
stance of the brain (with the exception stated)
did not exhibit any morbid appearances. The
thoracic viscera were quite healthy. The abdo-
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minal viscera showed no traces of disease, except
extensive ulceration of the ileum and caecum.”
The preparation is deposited in the Museum of
the Royal College of Surgeons. The patient, a
male aged eighteen years, had probably died from
enteric fever. No history of injury is given.

In 1897 Biroula showed at a meeting of the
St. Petersburg Anatomical Society a specimen
very similar to that of Bright. The patient, a
soldier aged twenty-four years, died from enteric
fever. A large meningeal cyst was found over
the first and part of the second frontal convolu-
tion on the left side. The brain was indented
by the cyst. The cyst walls were formed by
the meninges, and no trace of any parasite was
found. There was a projection over the corre-
sponding part of the skull. Shortly before death
some rigidity of the right arm had been observed ;
with this exception no symptoms referable to the
cyst had been noticed.

Prescott Hewitt, in 1845, contributed a paper
to the Royal Medical and Chirurgical Society,
in which he discussed the subject with great
acumen, and related several cases. In accord-
ance with the views then prevalent, he held that
the thin investing membranes were derived from
the fibrin of the blood, and he made the in-
teresting observation that he had seen similar
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membranes enclosing blood collections in the
pleura.  Curiously enough, though he referred
to cases in Abercrombie’s work, he made no
mention of Bright’s cases.

Prescott Hewitt also discussed the subject in
his article on “Injuries of the Head ” in Holmes’s
System of Surgery. Good illustrations of these
cysts are there given and reference made to a
particularly striking case published in full in
The Lancet, 1846, vol. i. p. 416. A boy aged
eight years received a blow on the head from
a cricket ball and shortly afterwards showed
symptoms of insanity. He had recurrent attacks
of insanity with intervals of health until his
death, fifteen years after the injury. The
symptoms in the last attack were headache,
vomiting, and drowsiness. At the autopsy a
large arachnoid cyst was found.

Bearing in mind that in almost all serious
head injuries blood 1is extravasated into the
arachnoid cavity, it may well be that in cer-
tain cases of intermittent headache, intermittent
paralysis, or intermittent insanity subsequent to
head injury the pathological lesion present is
arachnoid hamatocele ; a condition certainly
remediable by operation.

As I have mentioned successful cases of
removal of large arachnoid hzmatocele, I must
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record one on which I did not operate and death
ensued. It is noteworthy that in these cases
of arachnoid hemorrhage there is a rise of
temperature.

W. W., male, =t. 56, groom. Typhoid fever
three years ago. No history of syphilis. Was kicked
by a horse over the left eyebrow three months ago.
Wound sutured by Dr. Halsted, who stated that there
was no fracture of skull. Was said to be quite well
until six weeks ago, when it was noticed that his left arm
was weak and that he dragged his left leg when walking.
Complete paralysis of left arm and leg four days before
admission, followed in twenty-four hours by frequent
vomiting and unconsciousness. Temperature 101° on
morning of admission. On examination reaction to
external stimuli delayed, but would answer to his
name if frequently called. Speech slow and slurred.
Paralysis of left arm and leg. Occasional clonic con-
tractions of right arm. In the intervals the limb was
held stiff ; hand-grip feeble. Right leg unaffected.
Knee-jerks brisk on both sides. Ankle clonus on right
side. ~Well-marked Babinski’s sign on both sides.
Pupils dilated, equal and active ; no ophthalmoscopic
changes detected. No trace of albumen or sugar in
urine. Constipation of four days’ duration and in-
continence of wurine. Scar over left eyebrow; no
apparent injury to bone beneath. Temperature 99°;
pulse 6o. Condition remained unchanged.  Alter-
nating drowsiness and lucid intervals. Troublesome
constipation relieved by calomel and house mixture.
Temperature ranged between 98.2° and 100°; pulse
rate gradually increased, reaching 120 on sixth day.
Seventh day, temperature 104.4°; coma and. death.
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P.M.—Bones of skull uninjured. Large arachnoid
blood-cyst found flattening all convolutions of right
hemisphere. This was definitely encapsuled and the
sac could be demonstrated apart from the dura.
Contents dark and fluid. Right lateral ventricle com-
pressed ; left distended, its posterior horn was about the
size of a golf ball. (FEdema of lungs. Chronic nephritis.

During the life of the patient in St. Thomas’ the
symptoms did not appear to justify operation. The
man was fifty-six years of age and looked at least ten
years older. He was accustomed to take a good deal
of alcohol. Learning more of the history of the case
after death and reading the P.M. notes, it is easy to be
wise after the event. It is noteworthy that the scalp
wound was on the side opposite to the arachnoid
hemorrhage. 1 may say that 1 could not be sure
before the autopsy was performed that the case was not
one of ordinary vascular lesion, though the alternating
drowsiness and lucid interval were suggestive of sub-
dural hamorrhage.

Cushing has recently drawn attention to
surgical intervention for the intracranial hemor-
rhages of the new-born. Cerebral palsies,
epilepsy, and other nervous disorders, which may
be a permanent life disablement, are often due
to these hemorrhages arising from trauma
during birth. The unsupported venules passing
from the brain.of the infant to the longitudinal
sinus and Pacchionian bodies are easily broken,
and thus large blood extravasations occur in the
subdural and sub-arachnoid spaces. Cushing

T p——
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Fig. 16.

Fig. 15.

Fics. 14, 15, 16.—Intracranial hemorrhage of the new-born, (Cushing.)

F16. 14.—Photograph of g9-day old comatose female infant. Note extreme degree
of ocular proptosis and subjunctival hzmorrhage and edema. Forceps delivery ;
inability to suck ; tense fontanelle ; Cheyne-Stokes respiration, and gradual onset
of coma,

Fi16. 15.—Lateral view to show size and position of one of the symmetrically-
placed osteoplastic flaps. Operation on right side ; much blood-clot irrigated away,
dura stitched under tension., To relieve tension same operation performed on left
side with removal of further clot and relief of tension, as shown by recession of
fontanelle.

F16. 16.—Same patient. Photograph during sleep two months after operation.
Complete retrocession of the exophthalmos.
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says these extravasations are usually unilateral,
and that they give rise to post-natal asphyxia-
tion, a bulging fontanelle without pulsation,
convulsions, unilateral palsy, a stabile pupil on
the side of the hamorrhage, irregular respira-
tion, slowing of the pulse, a rise of tempera-
ture, inability to take nourishment, and death.

F16. 17.—Sketch of operation for arachnoid cyst at St. Thomas’s Hospital.

Cushing gives the details of four cases on which
he operated ; two were successful. I have not
had the opportunity of operating on such cases, but
Cushing’s paper will, I believe, be a stimulant to
much good work in this direction in the future.

Besides the large collections of blood in the
subdural cavity which run a somewhat acute
course, surgeons are familiar with the localised
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collections of clear fluid found years after an
injury in this situation, and which produce
mental disturbances, convulsions, and headache.
The following is an illustrative case :—A man
aged twenty-five was struck some years before
admission to St. Thomas’ Hospital on the right
frontal region. Since the injury he had suffered
from headache, irritable temper, and convulsions.
On exploring the frontal region, a cyst of the
arachnoid was discovered, containing clear but
slightly yellow fluid. The headache was cured
by the operation, but months after the operation
he had a fit, and the epilcptic‘ condition has
occasionally recurred.

Fic. 18.—Simple fracture of skull in an infant. (Godlee, 1884.)

Male, zt. 5 months. Fell 8 feet on to head. Large, soft hezmatoma right side.
Slow increase in size, with impulse on coughing. Twitching of left face, arm, and
leg. Vomiting. Much improvement in 2 months. Child left hospital with
tumour protected by gutta-percha shield. Soon became ill, and was admitted into
St. Bartholomew’s with meningitis. Death 24 hours later.

Mr. Godlee read a most instructive paper at
the Pathological Society in 1885, “On simple

fracture of the skull in infants followed by the

development of pulsating subcutaneous tumours.”
D
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Fi6. 19.—Simple fracture of skull in an infant. (Godlee, 1884.)
Female, 2t. 8 months. Fell 14 feet on to head. Large hzmatoma right parietal

region. Temp. 101°. Pulse 140. Left hemiplegia. Twitching movements of
right limbs. Tumour at first diminished, but then began to increase in size.
Pulsation noticed 10th day. Occipital bed-sore formed : sepsis, death. Auropsy.—

The tumour communicated through damaged dura and cortex with ventricle.

F16. 20.—Traumatic meningocele. (Golding Bird, Guy’s Hosp. Reports, 1889.)

Female, aged 7 months. Fell on floor 6 days before being brought to Hospital.
A small swelling appeared in. right parietal region immediately after injury. On
admission there was a large, tense, pulsatory swelling over right side of head. The
swelling was aspirated, blood and cerebro-spinal fluid being removed. It completely
disappeared in 3 weeks.

For other cases see Lucas, Guy’s Hosp. Reports, 1876, 1878, 1881, 1884, and
Silcock, Chem. Soc. Trans. vol. xxi.

Digitized by Microsoft®
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Similar cases have been reported by Sir Thomas
Smith, Mr. Golding Bird, and others. The
pulsating mass may consist of blood and cerebro-
spinal fluid with or without brain matter. Mr.
Godlee’s cases were aged five months and
eight months. One of them had been also
under the care of Sir Thomas Smith. Both
died of septic infection. In both cases the
injury was caused by a fall out of window, in
one of eight, and in the other of fourteen feet.
In one of the cases the brain cortex had been
ruptured so as to open the ventricles.

Mr. Godlee writes: “ When a young child
receives a blow on the head the mischief is
almost all spent upon the part struck and that
lying immediately beneath it. The process
extends little, if at all, beyond a single bone ;
indeed no one of the common fractures of the
skull as we meet with them in an adult can take
place in its typical form in an infant, but, on the
other hand, there are forms of fracture special to
the young skull. There are fractures of the
infant’s skull, formerly described by Mr. Syme,
which would have been undetected (the bone
after breaking the adjacent dura and severely
lacerating the brain having -sprung back in
place) had not actual brain matter been found
in the wound, beneath the scalp, or in the
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pus (as I saw in one case) evacuated from
the suppurating hematoma, which formed
over it.”

The following case, which was under the
care of Dr. Bastian in 1902, is an example
of a large traumatic encephalocele occurring
later in childhood, and illustrates a method of
treating hernia cerebri. A boy aged four years
fell twenty-two feet out of window. In falling
it was thought he struck the left side of the
head against a projecting window ledge. He was
unconscious for four days. A large non-pulsating
tumour formed over the left parietal region.
Some three and a half weeks after he had received
the injury he was brought to London and I saw
him with Dr. Bastian. He had right hemiplegia,
complete aphasia, and some paresis of the left
third nerve. The tumour was slowly increasing
in size. Operation was decided on. A large
scalp' flap was thrown downwards, exposing a
mass of brain substance, which was protruding
through a fracture of the parietal bone. The
break of the parietal bone extended downwards
and forwards obliquely from near the middle of
the sagittal suture. The edges were so clean
that they might have been cut with a knife, and
were separated about one-third of an inch. The
fragment of parietal bone in front of the fracture
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was removed by disarticulation at the sagittal
and coronal sutures. A corresponding piece of

. Fic. 21.—Fracture of right frontal bone in a new-born infant, fracture extending
into orbit. (Von Bergmann, after Bruns.)

b
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| Fic. 22.—1. Traumatic meningocele before operation. (Dembowski, Sazvicki’s
Essay in Chipault.) 2. Same case after operation.

Male, aged 16 months. Three months before being seen fell on head. Tumour
appeared and grew rapidly, so as to occupy right half of skull. Operation.—Part of
frontal and most of parietal bone depressed and almost detached. The posterior part
of parietal displaced backwards and outwards. Through the gap in the parietal
bone the hernia cerebri protruded. Bone replaced. Gap closed by periosteal flap.

Patient recovered.

bone behind the fracture was removed. It was
then seen that the hernial mass of cerebral tissue
protruded between the sharp edges of a rent in
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the dura corresponding in position and extent to
the fracture in the bone. The opening in the
dura was enlarged by incisions made at right
angles to the tear, to the size of the aperture
made in the skull. Pulsation in the extra-
cranial mass at once recommenced. No further

Fi6. 23.—Diagram of fracture of skull in Dr. Bastian’s case of traumatic
encephalocele.

The bone enclosed by the dotted lines and by the frontal and sagittal sutures was
removed at the operation.
nipping of the junction of brain and hernia could
then take place. The brain had been damaged
to the depth of an inch along the line of fracture.
The scalp flap was replaced. The patient made
a good recovery ; the hernia soon disappeared.
Two years later Dr. Saunders of Pembroke Dock
wrote to Dr. Bastian: ‘“Speech gradually im-
proved and now almost perfect except for some
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slarring when excited. Power over left leg
almost completely restored, of arm only partially
—no use of hand.”

Lumbar Puncture in Injury to Brain and in
Apoplexy.

This seems a fitting place to point out the
great value of lumbar puncture in traumatic
lacerations of the cerebral substance when the
patient passes into the stage of cerebral irrita-
tion. A jockey, twenty-one years of age, was
thrown from a horse. There was no fracture of
the skull, but he was unconscious for ten days.
The right arm was paralysed, and there was
left ophthalmoplegia. I saw the patient with
Dr. Ferrier. From unconsciousness he passed
into a state of restlessness, irritability, and sleep-
lessness. By lumbar puncture 24 to 3 oz. of
red-stained cerebro-spinal fluid was drawn off;
on each occasion quiet sleep was obtained after-
wards for four hours. The man made a good
recovery. The question arises whether in some
cases of ofdinary apoplexy the pressure of the
clot and serum on the nervous centres might
not be relieved with advantage by lumbar
puncture. In extra-dural hazmorrhage, from
injury to the meningeal artery or a venous sinus,
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the fluid withdrawn by lumbar puncture is clear,
while in cerebral laceration or subdural hemor-
rhage it is blood-stained.

Pathology of Infection.

Infective processes may extend from a focus
of disease outside the skull to the interior of the
skull by—

1. The disease affecting the bone and a visible
track of bone disease forming a way of com-
munication.

2. Extending through a pre-formed channel,
such as a foramen or canal for the passage of
vessel or nerve.

3. Making its way through a congenital
defect in the ossification of the bone.

4. Extending along one of the processes of
dura mater, which in certain situations dip ‘into
the bone.

5. Entering the circulation.

In some injuries infective material is intro-
duced directly by the injury into the interior
of the skull, a “stab culture” being in fact
made, and the natural resistance to penetration
being directly and abruptly broken down. This
is the sole difference in the pathology of the
intra-cranial complications of injury and disease.
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The infective process more or less rapidly
spreads within the skull from the spot where
the dura has been brought into contact with
infective material.

Extra-Dural Suppuration.

At the spot where it has come into contact
with the pus the dura becomes inflamed and
extra-dural suppuration occurs.

This is the first stage of intra-cranial
infection. - The resistance of the dura mater to
the further progress of the infection may be
great and prolonged. The effects are then
limited to the formation of a more or less
considerable localised extra-dural abscess. Or,
the dura may be softened and perforated forth-
with, and only a few drops of pus may collect
external to it.

The following case well illustrates the re-
sistance of the dura :(—

A man was admitted to hospital on February
2nd with ear disease, which had already
extended beyond the limits of the temporal
bone. This was clearly shown by the fact that,
on irrigation of the ear until it was quite free
from pus, the pus rapidly re-filled the entire
auditory canal and overflowed into the concha.
The mastoid operation was done on March 12th.
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The following day a fistulous track was noticed.
This was enlarged with a sharp spoon. -Recur-
rence of symptoms took place. On April 11th
a free opening was made by chiselling away
sufficient bone, thus freely opening the extra-
dural abscess. From that time recovery was
uninterrupted (Bergmann). Pus must have
been in contact with the dura for at least nine
weeks (probably longer), but no perforation of
the dura took place.

At the post-mortem examination of a man
who had died from acute meningitis within
forty-eight hours of the onset of illness, the
temporal bones, while the dura was still in
place, looked normal, but on removing the dura
the roof of the left tympanum looked a little
darker than that of the right. It was not
perforated nor carious, but a tiny thrombosed
vein was seen to issue from it. On breaking
through the tegmen the tympanum was seen to
be filled with a solid mass of granulation tissue,
which could be picked out all in one piece with
forceps. The long process of the incus was
necrotic. The tympanic membrane appeafed
as if about to slough. There had been no
otorrheea during life.

It is easy to understand how vascular infec-
tion could follow from such a condition.
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When the arachnoid is traversed the infection
reaches the sub-arachnoid and the pia, and
either a localised or a diffused inflammation
results. Why the inflaimmation should in one
case be limited to a small or even a minute area
and in another should spread rapidly over the
whole surface is not difficult to understand.
The answer is that it depends on the nature
and virulence of the infection, just as a local
infection of the hand may end in a local abscess
or start a cellulitis which spreads in twenty-four
hours over the whole limb. The sub-arachnoid
tissue may then, like the areolar tissue of the
arm, be involved in either a local infection or in
a rapidly spreading cellulitis.

Infection of Arachnoid and Pia Mater.

It has long been known that effusion of
serum is one of the first effects of infective
irritation of the pleura, the peritoneum, the
joints, and the cellular tissue, but until the
publication of Quincke’s papers on lumbar
puncture in 1891, and on meningitis serosa in
1893, it was scarcely appreciated that the
phenomena within the skull were just the
same, and the term meningitis was not con-
sidered applicable to any case in which purulent
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or at least sero-purulent effusion was not
obviously present within the meninges.

Quite early, even before meningeal were
distinguished from cerebral lesions, cases had
been observed and recorded in which no gross
intra-cranial lesion was found after death, though
the symptoms had seemed to point conclusively
to its presence. That great pioneer of cerebral
pathology, Thomas Willis, 1645, in relating
such a case, wrote : “ Wherefore in this case no
other explanation seems possible but that the
vital spirits within the brain were put to
flight, or, so to speak, extinguished by parficles
of a malignant or narcotic or otherwise noxious
nature, so that the movement of the heart,
like the main-spring of a clock, being
arrested, all other functions, deprived of their
source of energy, immediately and absolutely
ceased.”

Even now suppurative meningitis is looked
upon as a mortal disease, and some special
explanation has been sought of. the recovery
of some patients presenting apparently un-
equivocal evidence of this lesion, and of the
absence of any appreciable lesion after death in
other cases with quite similar symptoms ; after
the vague terms pseudo-meningitis and menin-
gism had been used to designate such cases,
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meningitis serosa was welcomed as a new fact
in morbid anatomy affording an explanation of
these clinical phenomena.

Even while still without the dura a focus
of infection may determine an excess of fluid

F16. 24.—Sub-arachnoid space between the convolutions. (Key and Retzius.)

The sub-arachnoid space is here broken up into a number of channels, through
which the cerebro-spinal fluid finds its way. At each systole the fluid in the
ventricles is pumped into the spinal theca and into the great cisterns at the base of
the brain. It escapes from the spinal theca along the sheaths of the nerves, and
from the cisterna it passes upwards in the sub-arachnoid rivulets between the con-
volutions to reach the Pacchionian bodies and the superior longitudinal sinus.

within the skull, just as disease of a rib may
excite serous effusion in the pleura, or disease of
the tibia may bring about an effusion in the
knee-joint.

I have had many opportunities of observing
that clear fluid collects in the subdural cavity
when the dura becomes inflamed by the presence
external to it of pus. This is what we should
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expect. Elsewhere, e.g. in the areolar tissue of
a limb, an inflammatory focus is always sur-
rounded by a zone of tissue tense and sodden
with serum, and, indeed, before the pus becomes
visible the site of the coming abscess is the site
of serous effusion or cedema. The same sequence
of events occurs in the cerebral meninges. In
the subdural space, which is not divided into
compartments, a pond of fluid will form, while
in the sub-arachnoid space of the cortex the
tissue, under normal circumstances being tra-
versed by countless rivulets of fluid (like marshy
ground), will become cedematous and swollen.

The following cases show the symptoms pro-
duced by meningeal effusion and the beneficial
effect of lumbar puncture. Probably in some
cases the removal of fluid under pressure from
the intra-dural spaces will prevent the occurrence
of suppurative meningitis :—

Case 1.—]. C., ®t. 19, female.—Admitted with R.
chronic otorrheea and large mass of breaking-down
glands on the right side of the neck.

The radical mastoid operation was done, and all
the affected glands in the neck were removed. The
glandular disease was tubercular.

The temperature for a few days was normal and
the pulse quick. The condition of the patient then
changed. The temperature rose, the pulse became

slower, sickness occurred, and she lay in bed in an
apathetic state, with eyes closed and mouth open.
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Lumbar puncture was done, and with the withdrawal
of 2 oz. of fluid all the symptoms disappeared. A
few days later the whole group of serious symptoms
returned, and were again relieved by lumbar puncture.
In another week she was again in a serious condition,
and, in addition to the other signs, there was now loss
of the sense of smell and commencing optic neuritis.
She was given chloroform, and an incision was made in
the dura over the tegmen tympani, which had been
removed at the first operation. This incision gave exit
to pus and gas from a localised abscess in the arachnoid
cavity. The patient made a good recovery.

Case 2.—A boy, aged twelve, at school, had a cold
on a certain Friday ; on Saturday and Sunday he com-
plained of pain in both ears. On Monday evening I
saw him. He was drowsy, temperature 104°, there was
cedema over the left mastoid, both tympanic membranes
were bulging. There was no discharge from either side.

The same evening the right drum was incised, and
the operation for acute mastoid suppuration was done
on the left side. The lateral sinus was exposed in this
operation for 1 inch, part of which was of a pink colour
and inflamed.

The next morning patient was little if at all better,
and during the afternoon he was drowsy, complained of
headache, was restless and was sick. The temperature
was 102°, the pulse came down to 8o, the pupils were
somewhat dilated and reacted slowly, tenderness was
manifest over the right mastoid, and the optic discs
were pinker than normal. The same evening an
operation was performed on the right mastoid of an
exactly similar character to that which had been carried
out on the left side; every cell of the pneumatic
mastoid was full of pus, and the dura over the lateral
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sinus and beyond was red. Lumbar puncture was now
done, and 2 oz. of fluid under pressure were withdrawn.
The next morning there was no headache, no sickness,
no drowsiness, and the pupils reacted well. Convales-
cence was rapid, and on both sides practically perfect
hearing was regained.

Effusion in the pleura or peritoneum gives

Fi6. 25.—Sketch of complete mastoid operation.

In some acute cases the dura when exposed is found of a bright red colour. In
the figure the shaded areas over the antrum and attic, and over the sigmoid sinus,
indicate the usual sites of inflammation of the dura. (The complete mastoid opera-
tion is only very rarely required in acute cases ; the figure of the complete mastoid
operation is used because it shows clearly the region of the tegmen.) Meningitis
serosa may be induced by the inflamed dura, and can be relieved by lumbar puncture.
rise to physical signs by which its presence can
be detected quite independently of any symptoms
it may cause. Within the skull we are almost
entirely dependent upon symptoms for our dia-
gnosis, and it may be helpful to consider what was
accomplished and what was missed when the

diagnosis of diseases of the chest was unassisted
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by the means of physical examination now
available.

Of late years our diagnosis of diseases of the
brain and meninges has been much assisted by
the practice of lumbar puncture. This gives us
certain and valuable information respecting the
nature of the fluid in the meningeal spaces, but
does not afford equally certain evidence as to
its amount and distribution. It should not be
forgotten that there is no direct gross com-
munication between the subdural and the sub-
arachnoid space ; the fluid obtained by lumbar
puncture may be derived from the one or from
the other, and we cannot tell from which.

In the skull, as elsewhere, the disease may be
arrested in the serous stage, or other inflamma-
tory lesions may arise.

Inflammation of the pia mater is neither
clinically nor anatomically distinguishable from
inflammation of the arachnoid, but either the
subdural or the sub-arachnoid space may be
the exclusive or the chief seat of the inflam-
matory exudation, a fact not without significance
in the treatment.

Diffuse suppuration in the subdural cavity is
uncommon except as the result of direct infection
by injury, but I have seen it occur in influenza.

Certain varieties of pus seem to have but
E
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little tendency to perforate serous membranes
(such as the arachnoid or peritoneum) and but
little irritant effect upon them. The pus may
be spread out in a sheet of greater or less thick-
ness over a certain limited area of the visceral
arachnoid, though there may be no visible ad-
hesions present which have checked its spread.

In a2 woman, age forty-nine years, the subject
of chronic otorrheea, who died after three weeks’
acute illness, a thick layer of yellow pus covered
the visceral arachnoid exactly over the left frontal
and parietal lobes.

This is quite comparable to what not un-
frequently occurs in the peritoneum and pleura.
It sometimes happens that in peritonitis the
exudation is apparently limited to a certain area,
though there are no adhesions present, and that
when the pus is wiped oft the membrane under-
neath it looks unaltered.

The same appearance is sometimes noticed
in pleurisy with pneumonia. :

When pus slowly makes its way to a serous
membrane adhesion of the two layers takes
place, and if the infection proceeds further it
traverses both layers without causing general
infection of the cavity. In the pleura and peri-
toneum the serous surfaces are kept in constant
lateral movement, and infective material is
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rubbed over a considerable area before adhesions
can take place.

In the arachnoid the mechanical conditions
are different, there being no appreciable lateral
movement. The two layers therefore can, and
commonly do, become adherent before any con-
siderable area is affected, hence any collection of
pus between dura and pia is commonly quite
small in amount. ;

When the infection has traversed both layers
of the arachnoid the sub-arachnoid space and
the pia are reached; either a localised or a dif-
fused inflammation may result here, or, forming
a mere track through the pia, the infection may
pass on into the cerebral substance.

Varieties of Meningitis.

All intra-cranial affections, accompanied by
delirium, were formerly confounded together
under the name “ phrenitis or phrenzy,” and we
doubtless now include under the term meningitis
many affections which though attended in their
terminal stages by inflammation of the meninges
will, as our knowledge of cerebral surgery and
pathology advances, nevertheless be shown to be
quite distinct diseases, exactly as abdominal surgery
has shown us that diffuse suppurative peritonitis
is but a terminal stage in several distinct affec-
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tions, most of which can be recognised and
arrested before that dangerous stage is reached.

For the present the surgeon classifies menin-
gitis as tubercular and non-tubercular; and recog-
nises that in each variety the pathological effusion
may be serous or suppurative, localised or diffused.

The anatomical distinction between tuber-
cular and non-tubercular meningitis is quite
clear, and the di'agnosis can, moreover, be
usually made clinically. The various forms of
non - tubercular meningeal affection cannot be
distinguished without bacteriological examina-
tion, though some points of difference both in
the symptoms observed and in the lesions found
have been noticed. Epidemic cerebro-spinal
meningitis and the posterior basal meningitis of
children, which are possibly the same disease,
are the two forms best differentiated.

Symptoms and Diagnosis. -

There is no one pathognomonic symptom of
meningitis. The symptoms which arise are not
the direct result of the meningeal lesion, but are
largely due to the influence exercised by the in-
flamed meninges on the brain-substance beneath,
the symptomatology being, as the French writers
express it, a borrowed symptomatology.

“Until quite recently we had to depend for
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diagnosis upon symptoms alone, but within the
last few years the practice of lumbar puncture
has given us a valuable though indirect means
of physical examination.

Though most, if not all, of the symptoms
met with in cases of meningitis are also met
with under other conditions, yet clinical experi-
ence has taught us that a particular grouping
of certain symptoms is usually associated with
manifest meningeal lesions.

In seeking to define the relation of symptoms
to lesions, and to apportion to each symptom its
exact diagnostic significance, we meet, as an
initial difficulty, with the fact that on the one
hand the symptoms are sometimes met with
without demonstrable meningeal lesion, and on
the other hand that gross meningeal lesions are
sometimes found post-mortem which had been
quite unsuspected during life.

Our present knowledge seems to show that
the symptoms most directly referable to the
meningeal inflammation are the three symptoms,
headache, vomiting, and constipation.

These are regarded as the cardinal symptoms
of meningitis ; the headache is severe and per-
sistent, the vomiting apparently purposeless and
not accompanied by nausea, and the constipa-
tion obstinate, resisting purgatives, and neither
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accompanied by abdominal distension nor asso-
ciated with abdominal pain.

These three symptoms appear to depend
mainly upon intra-cranial effusion, whereby the
pressure relations are altered and the normal
power of adjustment of the intra-cranial tension
impaired, but in some degree also upon absorp-
tion of toxins.

Tension of fibrous tissues gives rise to pain.
Incision of the dura is paintul. The headache
of meningitis is comparable to the eyeache of
glaucoma ; both are due to tension of a fibrous
envelope enclosing a nervous tissue.

With these three cardinal symptoms are
associated two other groups of symptoms :—

A. Symptoms, such as fever and impaired
nutrition, resulting from general infection, and
depending more upon the variety of the infec-
tion than upon the distribution or degree of the
meningeal lesions.

B. Symptoms which are the clinical expres-
sion, not of the meningeal lesions, but of the
irritation of the subjacent cortex. These vary
with the nature, degree, and distribution of the
meningeal lesions, and with the cortical irrita-
bility of the individual.

Most of the symptoms met with in cases of
meningitis belong to this group. They are—
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1. Psychic symptoms. — Irritability. Change
of disposition.

2. Motor symptoms. — Convulsions. Kernig’s
sign. Exaggeration of reflexes.

3. Sensory symptoms.—Photophobia. Hyper-
asthesia.

4. Sympathetic vaso-motor disturbances.—Tache
cérébrale.

5. Finally symptoms due to ex/austion and death
of nerve cells—Paralyses. Anasthesia. Coma.

This group of symptoms being, as I have
already said, the clinical expression of irritation
of the cerebral cortex, it is easy to understand
that meningitis is by no means the only condition
capable of so affecting the cerebral cortex as to
give rise to them.

An actual lesion of the brain substance, the
absorption of toxic substances circulating in the
blood, and that still unexplained disturbance of
innervation known as hysteria, may all give rise
to symptoms more or less closely resembling
those associated with meningitis. An absent
knee-jerk, a Babinski reflex, or early changes in
the optic disc would be pathognomonic of an
intra-cranial inflammation in a case in which the
delirium and fever might have led to the sus-
picion of typhoid fever.

The diagnosis between these various condmons
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is sometimes difficult, and occasionally baffles
even an attentive and experienced observer.

Examination of the cerebro-spinal fluid ob-
tained by lumbar puncture affords information
as to—

1. The intra-dural pressure.

2. The chemical composition of the fluid.

3. Certain physical properties, such as the
freezing point.

4. The cells contained therein.

5. The bacteriology.

6. The permeability of the meninges to
chemical substances introduced into the blood.

Of these the cytological examination is, at
present at all events, the most important.?

Normally, the cerebro-spinal fluid contains
few or no cellular elements, but in inflammation
of the meninges the cellular elements are abun-
dant ; either leucocytes or poly-nuclear plasma
cells may predominate. The general indications
are that leucocytosis points to a slow or subsiding
inflammatory process, and abundance of poly-

! The ordinary method of counting the cells in the centrifuge deposit
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