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PREFACE

In this monograph an attempt has been made to
describe briefly the essentials 1in diagnosis and treat
ment of head imjunies The objective has been to
make this knowledge easily accesble and of practical
value to residents as well as to the practicing surgeon
and physiaan A representative bibliography has
been added At least three excellent monographs on
acute head trauma are already available one dealing
with peacetime injurnies and stressing their pathologic
aspects (Evans, 1950) and the other two with war
wounds of the skull and bramn (Penfield 1941 \atson
1949) In addition many outstanding and much more
cumprehensive volumes on the subject of cranial and
mtracramal injury are at the disposal of the specialist
(Munro 1938 Gross and Ehrlich 1940 Rowbotham
1849 Brock 1849) but these are mostly too extensive,
and only too often unavailable, to be of immedizte
value to the doctor who must mmtally care for

the patient and frequently decides upon subsequent
management.






INTRODUCTION

In treating a patient with a head njury the doctor
should deade whether he 1s dealing with a surgical
or a nonsurgical (nonoperable) case, for all head m
jurtes may be 30 divided.® To make such a deasion
one must have at Jeast an acquaintance with the
important surgical and nonsurgical lesions of the head
and brain and the clinial picture they produce
Certain well-established, conservative measures should
be used 1n the treatment of every head injury keep-
ing 1n mind that all cases are potentially surgical
Fortunately apart from cases with obvious externally
viible head wounds and their complications, only a
small per cent of serious 1njures, 10 peace ume will
requuire surgery for an intracramal hematoma or other
less common lesion

The purpose of this monograph 15 to state 1n sumple
terms what may happen to the head and brain follow
ing an injury and how such lesions and their compl
ctons may be recognized and managed.
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THE MECHANISMS OF
HEAD AND BRAIN INJURY

HEAD INJURIES

A knowledge of some of the mechanical factors 1n
volved 1n trauma to the head will aid one m under
standing how various types of injury have very differ
ent effects upon the skull and its contents 26 17 40 & 10

An mjury to the head may be either direct or
indirect.

Direct Head Injury  There are many ways in whach
the head can be injured. The movable head may be
struck by a large moving object that jars the entire
brain and skull or by a small object like a hammer
that penetrates Qunng local damage without a gen
eralized effect. A mobile head can be thrown against
an immovable object, e.g., 2 nidewalk again produc
ing an effect on the enure cranium and 1ts contents

An mmmovable head braced aguinst the ground o1
other firm substance may be genemlly crushed or
burst by a large object or a relatively small area of
skull and brain can be crushed, for instance by a
small projecting portion of a jeep when the vehicle
rolls over on the patients head In this case as with
a hammer wound there may be severe local bramn

1



2 The Mechanisms of Head and Biam Injury

damage with no general effect on the biain and no
loss of consciousness

Other direct injuries can result ftom penctrating
instruments, bullets or shell {ragments

Indirect Head Injury Injury to the biamn o1 mtra
cranmial blood vessels at times follows the application
of foice to other paits of the body as when one falls
1n a standing or sitting position o1 on some other aiea
of the body Brain mjury may also occur when foice
1s suddenly applied to the body by a rapidly moving
object like an automobile or when, as a passenger 1n
an automobile, one’s head 1s thiown into violent mo
tion on colliding with another cai or on comung to a
sudden stop

BRAIN INJURIES

The type and degiee of injury 1s of importance, for
upon this will depend to a considerable extent what
happens to the brain and other intracramal struc
tures (see Gurdpan, ¢/ al®” and Rowbotham #8)

The brain may be injured by

1 Movement of the brain in 1elation to the skull
2 Dastortion ol the shull :

3 Acute compression of the thorax

4 Penetrating wounds (open head injury)

1 Injury by Movement of the Brain in Relation to
the Skull In closed head injuiies the most impoitant
manner 1n which the bramn 1s injured 1s by 1ts move
ment 1n relation to the skull  The movement may he
linear, that 1s 1n a straight line, or rotatory

Biamn Injury by Limear Movement If the head
1s thrown nto rapid motion 1n a straight line, the
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skull ceases its movement first and this often occurs
abruptly especally 3f it comes into contact with 2
fixed object. The brain on the other hand for a
short period conunues its fornard course and comes
violently 1nto contact with portions of the nigid skull
or dural septa resulung in contusion or laceration
At the opposite pole to that contused, the braun in
moving forward apparently creates an arca of dimin
uhed pressure and a suction wnjury to cerebral tusue
or blood vessels may result At the same ume vessels
apeaally vemns cossing the subdural space may be
torn as the bram shdes forward or backward n a
straight line

Sumilar 1njury takes place at the onset of 2 rapid
movement of the head 1 a straight hne but n this
case the skull 18 set 1n mouon first and strnkes the
bruin which has lagged bebind 1ty monon  Thus
a contuston may occur at the site of the blow a contre
coup injury 1n the opposite hemusphere and at the
@ame ume petechial hemorrhages 1n the brain stem
(Fig 1)

The forces responsible for the above mjunes will
vary according to the rate of change of veloaity with
which the head 13 set m motion m a straight Ine—
so-called linear acceleration—and to the abruptness
with which motion ceases—deceleration (see under
concusgsion)

Brain Inpuwy by Rotation A blow to the head
usually causes some rotators movement of the skull
The motion of the shull 15 secondarily transmutted to
the bram which may be contused or lacerated by
bony projections or dural septa at the onset or ter
mination of 10tation. Holbourn believes that mjunes
due to rotatory movement are caused by shear strain «
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VENTRICULAR SHIFT

" CONTUSION
TO RIGHT

LACERATION AND PETECHIAL
INTRACEREBRAL HERNIATION HEMORRHAGES,

HEMATOMA OF UNCUS BRAIN STEM

I''c 1 With the exception of the intracerebral hematomn
the lestons shown arc nonsurgical (nonoperable)

that results when one type of tissue slides across an
other, thus stretching or pulling apart the cellular
structure Since the tissues of the brain itself are of
different densities, shear stiains also can take place
within the brain o1 bramn stem as a result of rotatory
movement As with Iimear motion the 1njurious forces
will vary with the rate of acceleration or deceleration

2 Injury of the Brain by Distortion of the Skull
This type of mjury 1s less fiequent m crvilian prac
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tice than those already discussed. However certain
traumas 1 producing general or local dustortion of
the skull may cause general or local crushing, pulping
or bruusing of the brain.

3 Brain Injury from Compresmon of the Thorax.
Injurtes of the brain espeaially in the form of pete
chial hemorrhages have been reported following blast
or direct compression of the thorax.

4 Injury of the Bram Due to Penetrating Objects
or Mugsiles Thus aspect of trauma will be discussed
under surgical lesions of the skull and brain
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NONSURGICAL CASES
OF HEAD INJURY

In avilan pracuce over 97 per cent of all cases
1ad about 90 per cent of severe cases of head injury
suffer from a nonsurgical (nonoperable) craniocerebral
mjury 1f open head wounds are excluded ®* A high
percentage of these nomsurgical cases have an injury
of the brain reversible or otherwise but the treatment
Is conservative.

NONSURGICAL LESIONS OF THE BRAIN

Concussion. The fundamental basis of concussion 1s
still wnknown When the term concumon 1s used
climeally 1t usually mplies an immediate traumatic
loss of consciousness Jasting lor a variable perfod and
uraccompanied by evidence of structural damage to
the brain  There 13 a wide difference of opiuon
however as to whether prolonged unconsciowness can
occur 1n the absence of demonstrable organic brain
lﬂ]ur‘y LT ", 0"

Denny Brown and Rusell ** define experimental
concussion as the occurrence of an immedmate trau-
matc paralyss of reflex function, which occury 1n the

See Ghapter 3 for more nk-t;ih-d statistics,
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cluded that concussion 1 the direct result of mecham
cal violence to cerebral cells

Another cause of concussion as demonstrated by
Scott,” and Gurdjlan and W ebster » 15 that due to
sudden brain compression  This according to Denny
Brown and Russell 1 much less common than that
resulting from acceleration injury  Compression con
cussion may occur with severe penetrating wounds
certain depressed fractures and other types of wnjury
that are accompanied by a sudden rise 1n intracramal
pressure.

Walker et al °* have provided evidence that experi
mental concussion 13 the result of interue exatation
of the central nervous system at the moment of the
blow to the head, which 15 manifested by a marked
electnical ducharge and a temporary brealdown of
the polarized cell membranes of many neurones 1n
the braimn.

A review of many of the opinions held by wnvesta
gators regarding the pature and cause of concussion
may be found in the article by Denny Brown and
Russell =

Contusion. A\ local contusion of the brain 13 an area
of traumatic brusing n which there are varying de
grees of swelling, perivascular hemorrhage duruption
of cellular structure and even rupture of blood ves
sels  The latter may give rise o an ntracerebral
bematoma (duscussed under surgical lesions) (Fig 1)

Laceration. A laceration of the brain 13 an actual
teanng of the neural and other tisues. There 1 no
sharp dividing line between contusion and laceration
and both lesions are commonly found for instance
at the sue of the blow at the area of contrecoup on
the under surface of the frontal lobe, or at the tem
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absence of visible lesions 1n the nervous system They
regard concussion as a generalized 1eveisible “molecu
lar reaction” induced by physical stiess Subconcus
sive blows, on the other hand, depiess but do not
abolish these reflex functions They are of the opin-
1on that puie concussion can account for a prolonged
period of cerebral disturtbance m man coinesponding
to the period of coma, semicoma and confusion which
commonly follows a severe head mjuiy Such an
jury they think may be associated with contusion and
petechial hemorihages 1n the bramn stem, but these
lesions are not responsible for the basic generalized
cerebral distuibance of concussion

Denny-Brown and Russell have shown that concus
sion can be produced when an ammmal’s head 1s sub
jected to a sufficiently hugh 1ate of change of velocity
The change of velocaity may be positive or necgative
and accordingly 1esults in what they term either an
acceleration or a deceleration concusston  Sudden ac-
celeration sets up a complicated serres of strams and
distortions within the bramn stem and cetvical cord
and 1t 1s these forces that aie 1esponsible for concus
ston as well as for hemoirhagic lesions when they
occur These hemorrhagic lesions are considered to
occur immediately and are believed to be the 1esult
of direct mjury and not due to piestasis, stasis and
drapedesis

Williams and Denny-Birown 98 have 1eported the
electio encephalogiaphic ch inges in expammental con
cussion They found an mmmediate diminution of
electrical activity fiom the whole cerebral hemispheres
associated with concussion, followed by the appear
ance of slow waves Rellex activity 1etiined while
the electitcal activity was sull dimimished  They con
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esses that cause a brief loss of conscousness and may
reult in no permanent 1njury On the other hand
it may be that a prolongauon or extenvion of this
initally reveisible process might lead to secondary
changes of a permanent nature A third peaubility
is that more gross changes such as contusion or Jacera
tion are ;n some cases contributing to the unconscious
state.

1t is often very difficult to gauge the seventy of the
brain lesion on the basu of the climical symptoms
For instance a neurosurgeon can remove the frontal
or right temporal lobe of the brain under local anes-
thema and have the patient carry on an mtelligent
conversanon throughout the procedure. Postopera
uvely the patient may be up the next day and be
essenuially symptom free.  Similarly the greater por
tion of a frontal or teraporal lobe 13 sometimes de
stroyed 1n an mjury as with the jeep acadent de
scribed and yet the patient remmns conscious and
alert.  On the other hand a blow to the movable
head may s jar it that a small hemorrhage occun in
$he brain stem and the patient dies At the autopsy
no other pathology may be found In fact trauma
can cause death without produang any definite evi
dence of brain pathology at least of a gross nature

DIAGNOSIS OF NONSURGICAL CASES
OF HEAD INJURY

All patents with a head injury should be under
conunuous observation and a descnption of the
changing wigns and symptoms recorded from the
earliest possible moment  Diagnosu rarely depends
upon a ungle examwaton A detailed history 1s
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poial pole where the brain has been forcefully thrown
against the sphenoid ridge of the skull

Brain swelling may occur locally around a contusion
or laceration o1 be more generalized as a result of
tiauma The swelling o1 cdema 1n 1ts milder form
1s presumably due to an increase in intracellular or
extiacellular flurd, but petechial hemorrhages in the
cerebrum and biamn stem and even actual hquefaction
of involved areas can take place As a result patho
logic changes occur 1n the nerve and interstitial cells
of the brain that may be permanent or transitory
The cause of the swelling may be the direct result of
ttauma to the tissues or secondary to injury of the
vessel wall, which 1esults 1n an increase 1n its peime
ability with escape of fluid, and possibly blood cor-
puscles (petechial hemorrhage), o1 even rupture of
the vessel 27 85, 90

Subarachnoid hemorrhage will occur when one of
the vessels on the surface of the brain, or elsewheie
1s torn o1 ruptures and empties into the subarachnoid
space  This will be tiue 1n laceration, frequently in
contusion, and even as a result of severe edema Lum
bar puncture 1 such cases will reveal bloody spinal
fluad

Comment Concussion may be briet or prolongea
It seems likely that concussion of shoit duration can
occur without any permanent damage to the bramn
just as consciousness may be lost temporarily in an
epileptic seizure due to a generalized physiologic dis
turbance®” Whether a loss of consciousness pro
longed for hours o1 days can occur without perma
nent damage to the brain 1s more questionable Un
consciousness of long duration might be due to a
continuance of the same physical and chemical pioc
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enses that cause a brief loss of consciousness and may
result 1n no permanent mjury  On the other hand
«t may be that a prolongauon or extension of this
nltally reversible process might lead to secondary
changes of a permanent nature A third posmbility
1y that mare groas changes, such as contusion or lacera
uon are 1n some cases contnbuting to the unconsaious
state.

It 13 often very difficult to gauge the seventy of the
brain lesion on the bans of the chimcal symptoms
For 1nstance a neurosurgeon can remove the frontal
or nght temporal lobe of the brain under local anes-
thena and have the patient carry on an mtelligent
conversation throughout the procedure  Postopera
nvely the pauent may be up the next day and be
estentially symptom free. Sumularly the greater por
tion of a frontal or temporal lobe 15 someumes de
stroyed 1n an injury as with the jeep acadent de
scribed, and yet the patient remains conscious and
alert.  On the other hand a blow to the movable
head may so yar 1t that a small hemorrhage occurs 1n
$he brain stem and the pauent dies At the autopsy
no other pathology may be found. In fact trauma
can cause death without produang any definite eva
dence of brain pathology at least of a gross nature

DIAGNOSIS OF NONSURGICAL CASES
OF HEAD INJURY

All patients with a head injury should be under
conunuous observanion and a desaiption of the
changing signs and symptoms recorded from the
cathest powsible moment  Diagnosis rarely depends
upon a sngle exammanon. A detmled history 1s
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essential and a complete examination, not only of
the head but of the entire body, 1s required to rule
out associated injury

Signs and Symptoms and Their Pathologic Basis
There 1s one mmportant difference between the signs
and symptoms i the nonsurgical and the suigical
case The patient with a nonsurgical lesion 1aiely
shows marked mmprovement followed by a woisening
of his condition, although there may be some mino:
fluctuation in the severity of the symptoms When
a major fluctuation 1n the clinical couise takes place
in the manner mentioned, an expanding intracranial
blood clot should be suspected

The nonsurgical cases of head injury may be di
vided roughly into thiee gioups depending upon
whether the injury 1s shight, moderate or scvere (see
Symonds %)

Shight Degree of Injury In the injury of shight de
grec the patient may be dazed for a few seconds or
perhaps for half an hour, with or without Joss of mem
ory for the accident and for a period thereafte

On the other hand the shightly injuired patient may
have a complete loss of consciousness for several min
utes and may remain confused for a half hour or
mote There 1s then an amnesia for the injury and
rather {requently a so called retrograde amnesia for
events immediately preceding 1t

With shght injuries the ncwologic esamination
jeveals a loss of 1ellexes while the patient 1s uncon
scious In some cases theie are abnoimalitics 1n the
neuiologic examination for a varable ume after the
snjury, mdicating a mild, focal contusion ol the ram
and the electrocncephalogram may confirm  thus
These findings are at times present in patients who
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have been merely dazed and especially when a Larly
prolonged period of amnesia has followed the acat
dent

Some patients following a muld njury will com
plun of headaches diziness and nervousness  the
cuse of these symptoms Is not clearly undenmtood.
They do not depend upon the severity of the trauma
although the frequency of their appearance 1s greater
1 the more severe injunes (se¢ under post traumatic
syndrome)

Most cases of slight Injury with loss of consaousness
would be classed as examples of cerebral concussion
with no permanent damage to the central nervous sys
tem  This conclusion cannot be applied to all mild
cases however and certainly not to those with en
dence of focal cerebral contusion

Moderate Degree of Injury In this group there 1
loss of comsciousness for perhaps five minutes to an
hour or more The patient then goes through a stage
of stupor during which he may be restless or violent
followed by a period of drowstness, confusion and
disorientation  The whole course lasts anywhere from
a few houmn to several weeks. Someumes a patlent
who 15 improving will become more confused or diffi-
cult to arouse This will cause concern and 18 the
type of thing that happens with an expanding blood
cot. Such a patient will have to be watched with
extreme cre but wsually the down hill course 13 of
short duration and 1mprovement iety 10 ®gain or at
least the pauent s condition does not continue to be
COIMe worse

On admusion to the hospital these cases seldom
show cvidence of shock unless there are anociated
wnjuries or hemorrhage. There are usually some fagns
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of injury to the head such as contusion of the scalp,
periorbital hematoma, discoloration of an ear drum
from blood 1n the middle ear, or bluish discoloration
of the scalp behind one car There 15 frequently st
ness of the neck The temperature may be moderately
elevated and later may rise to 102° or higher There
1s commonly incontinence A convulsive seizure or
even status epilepticus 1s sometimes seen Lumbar
puncture mn a fairly hugh percentage of cases will re
veal blood 1n the spinal flud The spinal fluid pres
sure 1s moderately elevated in most cases but bears
no definite 1elationship to the state of consciousness
(see under subdural hematoma)

The neurologic examnation will vary depending
in part upon whether contusion or laceration of the
brain 1s present  There 1s arreflexia immediately alter
the acaident, but later there may be some inequality
in the deep and superficial reflexes on the two sides
of the body The Babinski may be positive bilat
erally or unilaterally Any motor weakness which 1s
present was usually there from the time of the mnjury
as a result of direct brain trauma I loss ol motor
power appears later then one must suspect an 1ntra
cramal hematoma The pupils will vary 1n size and
at tumes they are unequal A shight lower facial weak
ness 1s not uncommon  Direct mnjury to one or more
of the cranmial nerves, of course, may occur

The prognosis must be guarded 1n this group so
far as residual symptoms are concerned A good pro
portion w1ll become completely asymptomatic within
days to wechs Others will conunue to complain for
longer pcrxods of headache, dizzincss and mability to
concentrate

The cause of the symptoms 1 these cases 1s 1+ a1
bral concussion combined usually with varyin: de
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grees of brain contusion laceration edema and sub-
arachnord hemorrhage

Severs Degree of Injury  The chiucal course mn this
group 13 much the same as 1 the previous one except
that the symptoms are more severe and the mortahty
high, especially 1n the first few days. The duration of
unconsciousness 1s generally longer and about 20 per
cent of patients although they may show some tem
porary improvement, cortinue in a stupor wiich be
comes progressnely deeper ending n death within
about 48 houn.

Associated 1njuries of the face, long bones chest
abdomen and elsewhere with therr accompanying
shock, are higher i this severely injured group and
must be diagnosed and adequately treated

The pauents who survive the wnjury for a few days
will usually live f properly treated, but they fre
quently have a stormy course

Objective evidence of head trauma 13 nearly always
praaent often with bleeding from the nose mouth or
ears. Breathing 1s frequently difhicult with accumula-
tron of tracheal secretions cyanosis and signs of pul
monary edema  Flwids cannot be taken by mouth
sometimes for days or weeks. The pauents are n
continent and may develop bed sores if not properly
cared for  Their temperature rises and tn many will
reach 106 or more unless treated asnduously Thas
u epeaally true 1n the dehydrated patient or the
aleoholic with delinum tremens.  Epileptic seizures
accur and cause hemiplegia from exhaustion of corti-
al cells and death if not ontrolled. At tumes the
only manifestation of conunuving seizures in an ex
hausted cerebral cortex will be a feeble twitching ot
one extremity or perhaps only of the fingers. When
a hemuiplegia occurs after a sewzure it 135 often diff
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cult to know whether o1 not the paralysis 1s the result
of a hematoma All thss 1s a clear indication of the
importance of promptly controlling convulsive se
zures when they appear

The general neurologic examination will be essen
tially stmilar to that described for injuries of mod
erate degree  Stiff neck and bloody spinal {luid 1s the
rule Focal neurologic signs due to biain contusion
and laceration will be more common The effect
upon the ntellect, memory and disposition from gen
eralized changes in the biramn due to edema and pete
chial hemorrhage will be greater Also in this gioup
are seen those patients who remain unconscious in a
more or less vegetative or decerebiate state for long
periods as a result of hemorrhage o1 other damage to
the biain stem

The ultimate prognosis 1s mote girave in these 1n
juiies of severe degiee There 1s a loss of memory for
the acadent and usually for a period preceding it
Post-traumatic amnesia or loss of memory for events
following the injury may cover an interval of three
months or more Many will show intellectual impair
ment and emotional disturbance for a year or longer,
but 1t 1s surprising how [1equently patients will make
an apparently complete recovery without disability
This lack of disability 1s more true of persons doing
manual work Individuals whose livelthood depends
upon their intellectual capacity, however, may find
themselves totally unable to carry on 1n their previous
jobs In the older age group even a minor head 1n
jury may be followed by marked intellectual impair-
ment

The patients who die as a result ol their head 1n
jury as a rule show diffuse brain damage with con
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tusion and laceration most commonly of the anterior
temporal and inferior frontal regions In addition
there 13 generally subarachnoid hemorrhage edema
and scattered hemorrhages, commeonly occurnng n
the brain stem.

CONSERVATIVE TREATMENT OF ACUTE
HEAD INJURIES

There are 2 namber of stmple measures mn the man
agement of head injuries which 1f properly apphed
will appreciably lessen the mortality rate.

A patient 1 best transported from the scene of the
acadent in the supine position to avoid flexion of a
possibly fractured spine, any fractures of long bones
should be splinted hemorrhage controlled and ample
blankets used 1if there are signs of shock.

On adnussion to the hospital a careful history »
taken concerning the nature of the acadent.  Particu
lar note 15 made of any loss of consciousness 1ts dura
uon and whether o Juad nterval followed. Such a
hustory may have to be obtained from relatives or
witnesses of the acadent.

Shock, 1f present 15 treated with transfusions and
other measures regardless of the head 1njury  Injunies
eliewhere to the body whether facial spinal thoraac,
ntra abdominal to the extremities or elsewhere, must
recerve adequate care  Cases of head injury uncom
plicated by shock will stand transportation well and
are best transferred to a hospital where neurosurgic
treatment 13 available

Bpecific Measures In Conservative Treatment
1 A record of the blood pressure, pulse and Tespira
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tion 1s made every half hour A complete neurologic
examination 1s done at frequent intervals

2 The nurse 15 requested to test the state of con
sciousness and motor power every half hour (especially
in the first 24 hours) by having the conscious patient
hold his arms 1n extended fashion In the semistupor-
ous patient some evaluation of motor power can be
obtained by painful stimulation or by raising each
upper extremity and dropping 1t on the patient’s face
1f power 1s present the arm will usually avoid striking
the face

8 The unconscious or stuporous patient 1s placed
on his side with a pillow under the head to avoid lat
eral flexion of the neck and compiession of the jugu
lar vein  In this position he avoids swallowing the
tongue, vomitus or secretions He should be turned
every two to three hours When a stuporous patient
1s on his back his breathing often appears of the
Cheyne-Stokes variety because of obstruction by the
tongue

4 Osxygen should be given to the unconscious pa
tient by nasal catheter or 1n a tent A tracheotomy
may become necessary to enable adequate oxygen ex
change ** Frequent aspirations for mucus are used
as 1ndicated

5 The temperature may rise to 106° or more in
the seriously mnjured and must be controlled if the
patient 1s to survive In such cases the temperature
regulating mechanism 1n the hypothalamus 1s dis
turbed ¢ The patients metabohism continues and
heat 1s produced but cannot be lost unaided ‘The
temperature, therefore, should be recorded every half
hour when elevated above 102° It must be kept
below 102° with, 1f necessary, constant alcohol sponges,
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muluple ice bagy electric fans, etc. Usually a few
hours of vigorous treatment will get the temperature
down to where 1t can be controlled with alcohol
sponges alone, but the nurse must remain constantly
on the alert for a further rise

6 In all head mjunes 1500 to 2000 cc. of flud
thould be given every 24 houns by mouth or intra
venously 1f necessary but at 13 probably best to delay
intravenous fluids 24 hours 1n severe cases.  The fluids
should be nounshing if taken by mouth These cases
do not tolerate dehydraton any better than other sick
pauents. If the temperature 1s elevated or 1if the
weather 1 hot another 1000 cc. of fluid are added
Pauents with delinum tremens require about 4000 cc.
aday

7 Careful electrolyte balance must be maintained.

8 Antibioucs are given routinely to the very sick
as a prophylactic against meningius from say a pos
sible fracture into the paranasal sinuses or mrddle ear
Such treatment 1s also preventive against hypostatic
pacumonia which 15 prone to develop

9 Sodium phenobarbital 1s used for convulsive se1
zures, which are not infrequent following laceration
or contusion of the brain  The maintenance dose 13
g 1 to gr u hypodermucally three umes a day If
the patient has repeated seizures (status epilepticus)
1t may be necessary to give up to gr vud of sodium
phenobarbital 1n three or four hours  If the seizures
continue a full dose of \verun by rectum can be vsed.
Some employ wntravenous sodium amobarbutal or thio-
pental  Jt 13 essenual to get the seizures under con
trol promptly 1n these sick individuals.

10 Sodum phenobarbital gr u every four hours
may be wsed if really necessary for restlessness  If
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this 15 pot successful paraldehyde can be added It
15 well not to use morphine or Demerol Sedatives
are best avorded when possible The patient should
be allowed to move about the bed and be restrained
only when essential

11 When a patient has been mmproving and then
becomes drowsy caflemne sodium benzoate gr vii s
every four hours is useful to arouse him If the
drowsiness continues or deepens then one must be
on the alert for a surgical lesion

12 Should a suspicion of meningitis appear, lum
bar puncture must be done immediately and the
spinal fluid examined, cultured and the scnsitivity of
any orgamsms present tested with the various ant:-
biotics For a memngitis give mmmediately sodium
sulfadrazine Gm v intravenously 1n 500 to 1000 cc of
fluid, and then Gm 11 1n four hours followed by Gm 1
every four hours thereafter for three to five days
Large doses of antibiotics are also started immediately
and later replaced by the antibiotic to which the or-
ganism 1s most sensitive

13 Lumbar puncture 1s useful in diagnosis It
should be avoided during the first 24 to 48 hours,
especially 1f the patient resists, as straiming will rase
the intracramal pressure and also the blood pressure
and hence may cause intracranial bleeding After the
first 48 hours lumbar puncture 1s indicated to deter-
mine the spinal fluid pressure when an expanding
intracramal lesion 1s suspected  Severe headache may
be relieved by reducing the pressure by halfl  Other-
wise this method has not appeared of much value 1n
treatment although there are opinions to the contrary

14 Dramnage of blood and spinal fluid from the car
(otorrhea) 1s treated with antibiotics and by gently
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sponging the outer ear with alcohol and coveting 1t
with a dy stenile dressing  The cerebrospinal flud
and blood will be absorbed into the dresuing  Other
wise 1t would run 1nto the outer ear become contam
imated and then possibly dratn back into the auditory
anal and contamunate the cerebrospinal fluid.  An
otoscope should not be inserted mto the ear canal
when there 15 drainage of spinal fluid, but a large
prece of wax or encrusted blood may have to be re
moved with care The drainage will usually cease in
about one week with the above treatment

15 Drainnge of cerebiospinal flurd from the nose
(rhinorthea) may occur when there 1 a fracture into
one of the paranasal sinuses plus a tear 1n the adja
cent dura and arachnotd The treatment 1s conserva
tive for about four weeks unless complications arise.
The pauent 1s 1nstructed not to blow his nose under
any arcumstances as he might blow air and bacterta
mto the intracramal cawity  Anubiotics and sulfa
drugs are given unul the drainage ceases  Surgery
may become necessary (see under surgical treatment)

16 An indwelling catheter and tidal drainage 1s
used for the patient who remains 1n prolonged coma
and 1 not incontnent. Otherwise cathetenzation 1s
done when indicated.

1+ General care 1 given to the skun and pressure
pointa to avoid bed sores

18 Roentgen ray pictures of the skull are not taken
a1 an emergency and are contraindicated while the
patient 11 seriously il unless there are signs of an
epidural hemorrhage or of a compound fracture. Fre
quently the patient 13 well enough to have roentgeno-
grams in 21 to 48 hours after admusion to the hospital
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this 1s not successful paraldehyde can be added It
1s well not to use morphine or Demerol  Sedatives
are best avoided when possible The patient should
be allowed to move about the bed and be restrained
only when essential

11 When a patient has been improving and then
becomes drowsy caffeine sodium benzoate gr vit ss
every four hours 1s useful to arouse him If the
drowsiness continues or deepens then one must be
on the alert for a surgical lesion

12 Should a suspicion of meningitis appear, lum
bar puncture must be done immediately and the
spinal fluid examined, cultured and the scnsitivity of
any organisms present tested with the various anti
biotics For a meningitis give immediately sodium
sulfadiazine Gm v 1ntravenously 1n 500 to 1000 cc of
fluid, and then Gm 11 mn four hours followed by Gm 1
every four hours thereafter for three to five days
Large doses of antibiotics are also started immediately
and later replaced by the antibrotic to which the or-
ganism Is Most sensitive

13 Lumbar puncture 1s useful in diagnosis It
should be avoided during the first 24 to 48 hours,
especially 1if the patient resists, as straining will raise
the intracramal pressure and also the blood pressure
and hence may cause intracramal bleeding After the
first 48 hours lumbar puncture 1s indicated to deter
mine the spinal fluid pressure when an expanding
intracranial lesion 1s suspected Severe headache may
be relieved by reducing the pressure by half Other-
wise this method has not appeared of much value 1n
treatment although there are opinions to the contrary

14 Drainage of blood and spinal fluid from the car
(otorrhea) 1s treated with antibiotics and by gently
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SURGICAL CASES OF HEAD
INJURY INTRACRANIAL
HEMATOMAS

All cases of head injury whether open” or  closed”
are potentially surgical cases. They should be con
tinuously under expert observation. Until operation
becomes necessary the patient 13 treated like all other
mdividuals with 2 head injury by mmple common
1ense and conservative measures These conservative
measures already have been descnibed in the chapter
on the treatment of nonmurgical cases

In this monograph surgical cases are duvided into
three main groups Intracranial Hematomas Surgical
Lesions of the Scalp Skull and Bram (Chapter 4)
and Other Comphcations Following Head Injury
(Chapter 5)

The problem of deading whether a case of acute
head injury 13 surgical or nonsurgical (nonoperable)
1 an mportant one Theie are three pertinent
points a knowledge of whuch will implify the prob-
lem of diagnomns.

1 Surgical lesions of the scalp skull and brain mn
adulyy as defined in the following pages, can nearly
alwavs be recogmuzed with ease by careful examina
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SURGICAL CASES OF HEAD
INJURY INTRACRANIAL
HEMATOMAS

All cases of head injury whether open or closed”
arc potentially surgical cases.  They should be con
unuously under expert observation Until operation
becomes necessary the patient 1 treated like all other
individuals with a head injury by sumple common
sense and comervative measures  These conservative
measures already have been desenibed 1n the chapter
on the treatment of nonsurgical cases

In this monograph surgical cases are divided into
three main groups Intracramial Hematomas Surgical
Lesions of the Saalp Skull and Bramn (Chapter 4)
and Other Complications Following Head Injury
(Chapter 5)

The problem of decding whether a case of acute
head injury 1 smgical or nonsurgical (nonoperable)
s an jmportant one. Theie are three pertinent
points, a knowledge of which will simplify the prob-
lem of diagnosis.

1 Surgical lesions of the scalp slull and brain 1n
adults, as defined 1n the following pages can nearly
always be recognized with ease by careful examima
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tion of the head 1n the great majority there 1s an open
wound of the scalp A rather uncommon exception
1s a simple, depiessed f1acture, which can be 1evealed
by 10entgenogiam of the skull

2 Inuiacianial hematomas make up the great bulk
of the other surgical lesions that must be diagnosed
to save life and they aie comparatively uncommon
Statistics vary on the mnadence of intiacranial hema
toma dependmg upon whether all degiees of head
mjury are included 1n the study o1 only severe cases
that might be 1eferred o a neurosuigical center  The
mcidence 1s much higher among those with seveie
head trauma

Subdural hematomas constitute the laigest giroup
of mmtiactanial hematomas and they have occutted m
only about 1 per cent of all head mnjunes in some
series, °8 and 1 the neighbotrhood of 5 24 to 10 % pe
cent of the severe cases 1n other seties The other
mntiacramal hematomas are the epiduial and mtra
cerebral hemotrhages Their incidence has been 1e-
ported as much less than 1 per cent of all head n
juries and as about 2 per cent of the severely injued
by some obseiveis ¢ and as considerably higher by
others (see below)

3 There are a {ew additional surgical complications
following head injury, but apart fiom nfection and
arteriovenous aneurysm, surgery mn then tieatment is
usually elcctive

In stmple teims then it 1s estimated that 1f open
wounds of the head are excluded, only about 2 to 3
per cent of all pauents with a head injury, or 1bout
8 to 10 per cent ol the severly mjured, develop an
intractanial hematoma or other less common lesion
that requuies surgical intervention
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Intracranial hematomas are either extradural sub-
dural or intracerebral and may occur following any
head injury whether this be of the “open” or closed
variety

FPIDURAL HEMORRHAGE

An epidural hemorrhage 1 nearly always due to a
tear of the middle meningeal artery either at the
foramen spmnosum 1o the middle fossa where 1t enters
the skull or anywhere along 1ts many branches (Fig
2A) The artery runs 1n grooves on the innetr table
of the skull and a fracture which crosses the yessel
can casily tear 1t (Fig 2B) Usually a {ractuie must
be present but, in rare cases, such a hemorrhage can
occur without a fracture. When the bleeding takes
place 1t stnips the dura away from the skull and in
so doing tears many other hitle branches of the artery
and even may cause hemorrhage from pacchionian
granulauons near the longitudinal sinus.  The larger
the branch of the artery imually torn the more rapd
and extentive the hemorrhage and the more severe
and rapid the compresion of the underlying bram
and the development of climcal signs  Occasionally
an epidural hemorrhage may be due 1o a tear 1n one
of the large venous sinuses or may occur 1n the poste
nor fona*

The inadence of epidural hemorrhage was leas
then 025 per cent 1n 30 000 head injuries of all types
and about 10 per cent 1n 6000 severe cases studied by
Echlmn et al # but has been reported as 8 per cent by
AMunre  and by Woodhall ¢t af 2

The classic story of an epidural hemorrhage 15 as
follows  An individual 13 struck on the head with a
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tion of the head 1n the gieat majority there 1s an open
wound of the scalp A rather uncommon exception
1s a simple, depressed fracture, which can be 1evealed
by roentgenogram of the skull

2 Intiactamal hematomas make up the great bulk
ol the other surgical lesions that must be diagnosed
to save life and they are comparatively uncommon
Statistics vary on the incidence of intiacramal hema
toma depending upon whether all degrees of head
mjury are included in the study or only severe cases
that might be relerred 1o a neurosurgical center  The
mcadence 1s much Iligher among those with seveie
head trauma

Subdural hematomas constitute the laigest group
of intracranial hematomas and they have occuried n
only about 1 per cent of all head injuries 1n some
series,* %8 and 1n the neighboihood of 5 24 to 10 % pe
cent of the severe cases 1n other sertes The other
intracranial hematomas are the epiduial and intra
cerebral hemorrhages Then inadence has been 1¢-
ported as much less than 1 per cent of all head m
juries and as about 2 per cent of the severely injued
by some obsetvers ** and as considerably higher by
others (see below)

3 There are a few additional surgical complications
following head 1njury, but apart from infectton and
arteriovenous aneurysm, swigery in their treatment 1s
usually elcctive

In simple terms then it 1s estimated that 1l open
wounds of the head are excluded, only about 2 to 3
per cent of all pauents with a head injury, or about
8 to 10 per cent of the severly injured, develop an
intiacranial hematoma or other less common lcsion
that 1equues surgical mtervention
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hard object like a policemans club or falls hutng
his head on the pavement. He may be unconsaous
for a few minutes but gets up and walks along
There ts a luad interval  In a matter of minutes to
an hour or more he develops a headache usually on
one side of the head and may vomit A convulsie
sezure sometunes occurs  The patient then becomes
drowsy and often confused Thus 15 followed by a
progressive hemiparesis to hemiplegia on the side op-
posite the hematoma the arm frequently being 1n
volved fist. The pupil on the side of the lesion often
becomes dilated. In a rapidly developing hemorrhage
from a tear 1n the main trunk of the vessel deep coma
and decerebrate ngidity may take place within a fen
hours and operation 1 then frequently too late to
save hie

There are variations in the syndrome In many
ases the course 1s not so rapid  The hemorrhage 1s
less and may actually stop A hemiparesis can be
delayed for many houns and be relauvely mild and
w some nstances s on the wame nde ay the eprdural
clot  The motor weakness may only be recognized
by the doctor on the day following the injury and
the diagnosis not suspected until the hustory of a
lucid mterval 15 obtained  In fact an octasional case
may remam drowsy with weakness of one nide for a
week or more before the diagnosis 13 made or 2 sud
den worieming of the chinical condition takes place

Cases with the history desaibed 1n whom a Juerd
tnterval has occurred should all be suspected of hav
Wg an ejiduml hemorrhage and explored as emer
genaes.  Unfortunately some patients following a
head 1njury remain unconsctous and during thrs inter
rval the eprdural hematoma develaps and keeps the



MIDDLE MENINGEAL
ARTERY ON
DURAL SURFACE

GROOVES OF MIDDLE MENINGEAL
ARTERY ON INNER TABLE
OF SKULL

Fic 2 A Thc Incition of the muddle meningeal artery
esplams why a hemorrhage from this vessel 1s on the outer
surfice of the durt B Tt s cvident why o fricturc of the
skull may tear 1 branch of thc middle meningeal artery s

Lull
i a groove on thc mner tablc of the s
It runs gr i
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dle fossa anterior to the ear 1t 15 usual to place the
first burr hole about one wnch antenor to the ear and
a little above 1. The head should be driped so that
the inasion can be extended down to the zygoma and
upward even to the mud ine  Also 1t should be pos
sible to extend 1t backward 1 horseshoe fashion to
the mastoid process so that a shin and muscle flap can
be turned and a large cramectomy rapidly carried out
when needed.

When through a burr hole an epidural clot 13 ex
posed 1t should not be disturbed until the subtemporal
decompression 1s enlarged to at least the size of a
ulier dollar The enlargement should be as much
as poutble toward the center of the clot  If the clot
1 dusturbed before adequate exposure has been made
active bleeding, which 15 often absent at this stage
may be set up and cause senious damage before 1t can
be controlled. On the other hand, after a sizeable
crniectomy has been carned out which can be done
n a few minutes, the clot can be rapidly attacked with
the sucker and spoon  Bleeding may now oceur from
a large branch of the middle meningeal artery or even
the main trunk at the foramen spinosum  The sur
geon can approach 1t immediately and cover 1t firmly
with a piece of brain cotton or his finger until the
field 1 cleared. Then the vessel can be coagulated
clipped or tied and 1n addiuion the foramen spinosum
may be plugged with bone wax and Lrun cotton 1if
1t 13 exposed  Fortunately nature exposes the main
bleeding point by having already stripped the dura
away from the skull  Hence when the artery 15 torn
for imstance low 1n the muddle fosa no sripping of
the dura 1s required to bring the bleeder 1nto vien
At umes there 1s additional bleeding from many uny
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patient 1n coma These cases are usually not diag
nosed One should, however, be on the alert fol
them and explore a patient who shows deecpening
coma and develops a progiessive hemiplegia with a
dilated pupil on the opposite side  Nothing will be
lost by operation 1n such a case and at times somc¢
thing may be gamed

The description of the iapidly developing signs
and symptoms 1n epidural hemorrhage should make
it clear why head mjwy patients must be observed
so closely, especially 1n the first 24 howis after trauma
As pointed out under conseivative tieatment the hie
quent testing of the state of consciousness and motol
power 1s most important 1f these cases aie to be diag
nosed For an excellent desciiption of epirdural hem
orrhage sec McKenzie % and Munio and Maltby ™

Surgical Treatment of Epidural Hemorrhage In ey
ploing for an epidural hemorrhage the same opera
tive approach, positioming of the patient and method
of anesthesia may be used as descitbed 1n some detail
under suirgical tieatment of subdural hematoma

Before operatung 1t 1s well to know if a fractuic of
the skull 1s present as it may give a clue to the point
of tear 1 the middle meningeal vessel Sometimes
the Nactue Iine will pass entuely posterior to the ear
and then 1t usually will be the postertor branch of the
aitery that 1s toin In such a case, a bun hole, 1n the
usual position anteriol to the ear, may reveal no evi
dence of a huge epiduial clot lying entirely ovel the
poster101 aspect ol the ocapitotemporoparictal 1egion
Occasionally the hematoma may be located 1 the
f1ontal region

When the fracture Ime traveises the side of the head

from back to front or passes downw ard mto the mid



Fic 3 Thu u a common location of a subdural hematoma,
but t frequently ext nds lower 1n the temporal region.
31
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vessels on the surface of the dura and these may be
tedious to control  Serious venous hemorrhage may
also take place from the pacchionian granulations
near the longitudinal sinus as mentioned  Occasion
ally this bleeding can be controlled only by gaure
packing with perhaps, 1n addition, suture of the dura
to the pertosteum through burr holes placed over the
convexities of the nemisphere It may even be nec
essary 1n a very acute case to leave this packing m for
a day or longer

SUBDURAL HLMATOMA ACUTE, SUBACUTL
AND CHRONIC

A traumatic subdural hematoma or hemorrhage 1s
the result of bleeding into the space between the brain
and the dura mater from a vessel situated on the sur-
face of the brain, or running between the bram and
the dura (Fig 3) The clinical course following a
subdural hemorrhage may be acute, subacute or
chronic

Early reports of subdural hematoma were concerned
chiefly with the chronic form as this was the type seen
in neurosurgical centers  Wilfred Trotter in 1914
gave a classic description of chronic subdural hema
toma and emphasized the traumatic onigin of the le
siton In 1925 Putnam and Cushing described the
pathologic features 1n detail and alerted the neuro

surgical world to the condition  Since then many

papers 31 1% *2 28 32 25 43 57 .2 €5, 04, 84,102 hgve estab

Lished chronic subdural hematoma as an important
neurosurgical entity

Descriptions of large series of acute subdural hema
tomas began to appcar with the advent of emergency
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the basis of the findings reported by Echlin et al * of
300 cases that the following observations on subdural
hematoma have been made. Less than 5 per cent of
6000 patients with severe head injury were found at
operation to have a subdural hematoma which 13 a
lower inadence than that of Munro * who found 10
per cent 1n 2 more selected group

Etlologic and Pathologic Conslderations m Subdural
Hematoms. The most common cause of an acute ot
subacute subdural hematoma is a laceration of the
surface of the brain with resultant hemorrhage into
the subdural space over the surface of the cerebral
hemisphere or very rarely over the surface of the
cerebellum  When the wmnjury 13 mild which 13 com
monly true 1n chronic hematomas, the source of the
bleeding is probably rupture of one of the veins that
bridge the subdural space  Occanionally massive ar
tenal hemorrhage may occur beneath the dura when
branches of the middle cerebral artery are torn or a
lacerated middle meningeal artery bleeds through a
tear mn the dura.

The formation of a collection of blood 1n the sub-
dural space usually gives rise to few early symptoms
unless the hematoma forms rapidly as in the uncom
mon case of active arterial or massive venous hemor
rhage. The bleeding generally stops soon after 1n
jury and evidence of continued subdural bleeding
rarely 13 seen at operation on subacute or chronic
cses. Delayed symptoms 1n subacute cases 1t 13 be
heved therelare, rarely are due to slow hemorrhage
The fatal courte of many patients with acute sub-
dural kematomas 13 as stated, genaally the resule of
assocuated brain njury and 1ts complications and not
of the hematoma

Because the brain can adjust rapaudly to a large sub-
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TaBLE 1 Operative Expertence with 300 Cases of
Subdural Hematoma®

TyrE oF SuBpurar, HEMATOMA
AcuTtE SUBACUTE CHRONIC

Timefrominjury 2t048 3107 7t022 22 to 30 over 30

to operation hours days days  days days
Total number of 50 43 132 20 55
cases
Lived 5 21 101 18 38
Died 45 22 31 2
Mortality 90% 5119 2349 10% 309%

* 12 of these 17 palints were m coma at tumc of opcration
Ovcer 4}l mortality 39 per cent

(From Lchlin F A Sordillo S V R , and Garves, Thomas Q,
Jr Subdural hcmatona  acute, subacute and chronic, J A M A
In press)

neurosurgical services in big city hospitals 22 24, 26, 65
#8869 302 With time 1t became customary to de
scribe all subdural hematomas as acute or chronic

Later 1t was suggested that subdural hematomas be
classed as acute, subacute and chronic A classifica-
uon which includes only acute and chronic groups
1s misleading and fails to alert the profession to the
fact that almost 50 per cent of subdural hematomas
on a large emergency service are really subacute and
require operation as a lifesaving procedure on the
seventh to the twenty first day after injury 2% (See
Table 1)

Incidence of Subdural Hematoma In a series of
50,000 head 1njuries reported by Lchlin et al # there
were 300 operated cascs of subdural hematoma, an
incidence of 1 per cent, which 1s in keeping with the
findings of Laudg, Browder and Watson ¢ It 15 on
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CEREBRAL
EDEMA

Fic. 4 Cerebral edema due to compression from a
subdural hematoma

uncus and this can lead to infarcuon 1n the ocapital
lIobe At the same ume the third cranial nerve com
monly 15 subjecied to prewsure by the uncus with
resulting dilatation of the pupil and less often a
prosig s o

Acute Subdural Hematorma. In this group are mn-
cluded all pauents with a subdural hematoma who
appear to require surgery as a hiesaving procedure
during the At week after injury  The majornity of
these individuals have sustained a severe head trauma
rasulting in fresh blood or blood clot in the subdural
space and a sertously injured brain  Because of the
severe brain injury the mortality i the acute group
18 high during the first week and extremely high 1n

the first 48 hours after injury esen though the hema
toma be remoned
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dural clot the paticnt may hecome asymptomatic or
relatively so as he recovers from s direct bram
trauma Most hematomas then liquefy, if they are
not already in such a state, and become larger as they
acquire more fluid, presumably through the process
of osmosss, as demonstrated by Gardner? and others
»9 “1,115 Tt 35 this increase in size of the hematoma
ovcr days to months with 1ts resultng effect on the
underlymg bramn, that causes progressive symploms
and death 1n the great majonty of cases unless opera-
tion 1s carried out

In the chronic state the hematoma is most often
liquid but may contain soft clot and usually 15 sur-
rounded by a membrane at any ume after the seventh
day of its formation Occasionally the clot becomes
organized to the consistency of Iiver or rarely 1s calc
fied

Pathologic Changes n the Bramn #7 2° When a sub
dural (or epidural) hematoma expands 1t COMpIesses
the underlying cerebral hemisphere and displaces 1t
medially  As a result there can occur a serious dis-
turbance 1 cerebral arculation and esen some ob-
struction of the flow of ccrchrospinal fluid from the
lateral ventricles Interfercnce with the vcnous out-
flow from the compressed hemisphere may lead o
marhed edema of the brain (Fig 4) and hermation of
the medial portion of the tcmporal Jobe (uncus) over
the free edge of the tentorium ## #2.# and hermation
of the cerebellar tonuls into the foramen magnum
Pressure from thc hermated uncus may nterfere with
the senous crculation of the bramn stom and produce
the cqunalent of a dccerebration through edema or
actual hemorrhagc 1nto the stan -~ *2 The postenior
cerebral artcry at tmces hocomes compressed by the
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a head 1njury usually consist of currant jelly or later
milk chocolate clots with varying amounts of fresh
or old fluid blood and cerebrospinal flid.

Of 43 patients in this category operated on the third
to the seventh day by Echlin et al 22 died 1n most
cser praumably as o result of their brain injuny
The mortality was 51 1 per cent which is much less
than 1n those operated on within 48 hours following
trauma  The bnef duration of the illness justifies
plaang these cases 1 the group of acute hematomas.

Subacute Subdural Henatoma Between the two ex
tremes of the condition described as acute or chronic
falls the group of subacute subdural hematomas. In
this group which 1n one series * mcluded almost 50
per cent of all subdural hematomas the head 1njury
is most often severe There 15 usually blood 1n the
spinal fluid and frequently a fractured skull Recov
ery from the braun injury occuns 1n the majonty but
s commonly incomplete and 1s followed 1n about one
to three weeks by progressive signs of brain compres
sion from the hematoma.

Most patients regnin consciousness and about 25 per
cent become mentally clear whereas the others con
tinue to have some degree of drowsiness and disorien
tation Alany of the more alert pauents complain of
headache  Before operation approximately 80 per
cent show progressive nigns of brain compression ev1
denced by ncreasing drowsiness, usually fuctuating
in nature and ending commonly 1n semistupor stupor
or coma. In most instances there are abnormalities
mn the newtologic examnauon (see later under ciag
now)

\bout °0 per cent of the more alert cases can be
safely diagnosed with awr studies or angiograms before
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LEarly Surgery Patients with a subdural hematoma
in whom surgery has seemed indicated 1 the first
48 hours after trauma are usually unconscious for
varying periods and then show shight improvement
to the state where they are stuporous They rarely
have a luad interval Most of them then become
mcreasingly comatose and often develop “localizing”
signs such as a dilated pupil on one side and a pro
gressive weakness of the opposite arm and leg

Occasionally the clincal picture 1n the first 48 hours
will be much the same as described for an epidural
hemorrhage 1f the bleeding 1s severe and the direct
brain injury shight Such cases, 1f they have a lucd
mterval, are emergencies and must Dbe operaled
promptly

In the series reported by Echlin et al over 90 per
cent of 50 patients operated on 1n the first 48 hours
after injury died, despite adequate removal of a large
hematoma  Death 1n this group was attributed
largely, if not entirely, to direct biam jury, the
hematoma being incidental  Survival in five cases
was due to removal of the blood clot, the injury be
ing less severe

Later Suigery  Patients with an acute subdual
hematoma who present signs 1ndicating opeiration on
the third to the seventh day following injury usually
regain consciousness but only occasionally are alert
Most of them remain drowsy and disoriented and
then become progressively drowsy or stuporous The
onset of stupor may be sudden and not nfrequently
ys precipitated by a convulsive seisure  Neurologic
s1gns of brain pathology are usually present and often

indicate a “focal” lesion
The hematomas removed during the first W cck after
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2 head 1njury usually consist of currant jelly or later
milk chocolate clots with varying amounts of fresh
or old flurd bloed and cerebrospnal flnd.

Of 43 patients 1n this category operated on the thurd
to the seventh day by Echlin et al 22 died, 1n most
cases presumably as a result of thewr bran injury
The mortality was 511 per cent which 1 much les
than 1 those operated on within 48 hours following
trauma  The bnef duration of the illness jusufies
plaang these cases in the group of acute hematomas

Subacute Subdural Hematoma Between the two ex
tremes of the condition descaribed as acute or chromc
falls the group of subacute subdural hematomas  In
this group which 1n one series ® wcluded almost 50
per cent of all subdural hematomas the head injury
u most often severe, There 15 usually blood 1n the
spinal fluid and frequently a fractured skull Recov
ery from the brain injury occurs 1o the majonty but
1 commonly mcomplete and 1s followed 1 about one
to three weeks by progressive signs of bramn compres-
s10n from the hematoma

Most pauents regain consaousness and about 25 per
cent become mentally clear whereas the others con
tnue to have some degree of drowsiness and disorien
tation  Many of the more alert patients complain of
headache  Before operation approximately B0 per
cent show progresive signs of brain compression evi
denced by increasng drowsiness, usually fluctuating
n nature and ending commonly 1n semistupor stupor
or coma In most instances there are abnormahues
in the neurologic examination (see Iater under duag
nosis}

About 20 per cent of the more alert cases can be
safely diagnosed with air scudies or anglograms before
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Early Surgery Patients with a subdural hematoma
I whom swigery has seemed indicated 1 the first
48 hours after trauma are usually unconscious for
varying pertods and then show shght impiovement
to the state where they are stuporous They rarely
have a lucid interval Most of them then become
Increasingly comatose and olten develop “localizing”
s1igns such as a dilated pupil on one side and a pro
gressive weakness of the opposite arm and leg

Occasionally the clinical picture 1n the first 48 hours
will be much the same as described for an epiduial
hemorrhage if the bleeding 1s severe and the dnect
brain injury shight Such cases, 1f they have a luad
interval, aie emergencies and must be operated
promptly

In the series reported by Echlin et al over 90 per
cent of 50 patients operated on i the first 48 hours
after injury died, despite adequate 1emoval of a large
hematoma  Death 1n this group was attiibuted
largely, 1f not entnely, to direct bram injury, the
hematoma being incidental — Survival i five cases
was due to 1emoval of the blood clot, the mjury be
ing less sevele

Later Suigery  Patients with an acute subduial
hematoma who present signs indicating operation on
the third to the seventh day following njury usually
regain consciousness but only occastonally aire alert
Most of them remain dxo\\sy and disoriented and
then become progressn cly drowsy o1 stuporous The
onset of stupor may he sudden and not mliequently
1s precipitated by a convulsive seizmre Necurologic
signs of bramn pathology are usually present and often

indicate a ““focal” lesion
The hematomas removed during the fitst week after
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2 head 1njury usually consist of currant jelly or later
milk chocolate clots with varying amounts of fresh
or old fluid blood and cerebrospinal fluid

Of 48 patients 1n this category operated on the third
to the seventh day by Echlin et al 22 died, 1n most
Qses presumably s a result of thewr bramn mnjury
The mortality was 51 1 per cent which 1s much less
than in those operated on withun 48 hours following
trauma. The brief duration of the illness justifies
plaang these cases 1 the group of acute hematomas

Subacute Subdural Hematoma. Between the two ex
tremes of the condition described as acute or chronic
falls the group of subacute subdural hematomas. In
this group which 1n one series * induded almost 50
per cent of all subdural hematomas the head injury
s most often severe. There 13 usually blood 1n the
spinal fluid and frequently a fractured skull Recov
ery from the brain injury occurs 1 the majority but
1 commonly incomplete and 1s followed 1n about one
to three weeks by progressive signs of braun compres-
son from the hematoma.

Most patients regain consaousness and about 25 per
cent become mentally clear whereas the others con-
unue to have some degree of drowsiness and disorien
tation  Many of the more alert patients complain of
headache Before operation approximately 80 per
cent show progressive signs of brain compression evk
denced by increasing drowsness usually fluctuating
i nature and ending commonly 1 semustupor stupor
or coma In most mnitances there are abnormalities
in the neurologic examination (see later under diag
nosis)

About 20 per cent of the more alert cases can be
safely diagnosed with air studies or angiograms before
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stupor appears In the 1emaimng 80 per cent explora
tory surgery becomes essential to save life at any time
from one to three weeks after injury and carucs a
very good prognosis m the majority ol cases, providing
the patient has not lapsed into coma belore operation

Pathologically the subacute hematoma consists of
currant jelly ot milk chocolate clots with diferent
quantities of 1eddish brown to black fluud  Occa
sionally the fluid 1s yellow or the hematoma may be
organized Membianes may suirround the clot at any
time after the seventh day of its formauon

In the gioup of 1382 subacute cases reported by
Echlin et al, the mortality was 23 4 per cent which
1s considerably lowei than in the acute variety Un
Iike many of those with acute lesions, recovery [rom
the bramn injury had taken place or was occulring
when the down-hill course was precipitated by com
pression fiom the subdural hematoma Improvement
chinically and fiom the bram injury was usually less
complete and less prolonged than seen 1n the chronic
group Pathologically the hematoma as 1egards 1ts
stage ol liquefaction o1 membiane [ormation, occu
pied 1n most mstances a position between the acute
and chronic types On the basis of time elapsed since
the 1njury, clinical course, nature of the bram mnjury,
and pathology of the hematoma, most of these cases
are neither acute nor chronic and are well desctibed
as subacute *

Chronic Subdural Hematoma  Patients with a
chronic subdwmnal hamatoma usually have 1ccovered
from their head mjury, which may have been severe
but more often was mild, o1 there may be no history
of trauma Several wceks to months later sciious
symptoms appear, often presenting a diagnostic p1ob
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lem which may suggest brain tumor diffuse degen
erative bran pathology or psychoss  The history in
the great majonty of patients 1 one of mental de
tenoration for many weeks with gradual disorienta
ton and confusion leading commonly to fluctuating
drowsiness.  Headaches rather commonly precede the
appearance of mental symptoms Neurologic signs of
orgamic bramn disease often suggesting a focal lesion
usually are praent but they may be shight or absent.
The diagnosis 15 not mfrequently made duning the
course of a ventriculogram for a posmble brain tumor
or other expanding lewon  Surgical evacuation of the
hematoma, which as a rule 1s encapsulated, 15 curatuve
wm the majorty of cases 1f the patient 18 not 1n coma
at the time of operation

Patients operated on from the twenty fint to the
thurty first day after injury may present a clinical pic
ture very similar to that described for the subacute
cases and perhaps are better included with thus group
After the thirty fist day the climcal course of the
chronic subdural hematoma corresponds well to that
Just desenbed.

Dlagnosis of Subdural Hematoma. If after ¢ head
mpury a patient regains consciousness and s relatriely
alert (has a lucid nterval) and subsequently in hours
to weeks becomes progressicely drousy or stuporous it
u essential that an intracramal hematoma be ruled
out

Such a climical course developing in the first 24
hours 13 usually due to an epidural hemorrhuge from
the middle memingeal artery and as a 1ule 15 accom
panued by a hemiplegia and a dilated puril but ocea
nonally a masive subdural or an intiacerebral hema
toma will give a simular picture  These cases may be
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saved by emergency operation Tle vast majority
the other patients operated 1n the first 48 howrs, w
have remained stuporous from the time of the ac
dent, are sufferng from severe brain injury and w
not be benefited by surgery even though localiz
signs ae present and a subdwral hematoma 1s
moved A rare exccption 1s an epidural or large su
du1d4l hematoma unaccompanied by fatal brain traur
that develops while the patient remains stuporous di
15 usually 1mpossible to diagnose

After the first 48 hours have elapsed since the :
jury the most common and valuable symptom of
subdural hematoma 1s progressive drowsiness, oft
with disorientation and generally fluctuating in chi
acter Headache may or may not be present Int
chronic lesion headache and a gradual mental ¢
terroration frequently precedes the drowsmess T
chinical picture of an intracerebral hematoma or tum
[action from local, traumadtic softening 7 may clost
simulate that produced by subdural hematoma

Abnormal neurologic signs, although they may
minmimal or absent, are usually present and often gra
ually progressive  T'hese include papilledema whi
1s not common during the first two weeks follown
injury  Frequent findings are an inequality of tl
plll’)lIS, less often a dilated pupil, a shight Jower faci
weakness, unequal decp reflexcs, unequal abdomina
and a positive, often bilateral Babinski  Progressr
hemiparesis even to hemiplegia das a result of a su
dural hematoma occurrcd 1mn 43 per cent of acute cas
in one series,?* 20 per cent of subacute and 42 per ces
of the chionic A shight dnft of one of the ou
stretched arms 15 a frequent and very valuable sig



Subdural Hematoma Acute Subacute, Chronic 41

apeaally when 1t 18 sncreasing in seventy A con
vilsive seizure 1n any of these cases may preapuate
a bemiplegia. Other less frequent signs include
aphasia, homonynious henuanopsia a third or sixth
nene paralyss, a hemisensory loas, and 1n chronic
causes aatatomiclike posture tremor and unsteady or
shuffing gait.

Some patients with a subacute or chromic subdural
dot do not show progressive drowsiness or mental
change, at least at first but may complain of severe
headache with or without neurologic signs. Papil
ledema or an elevated spinal fluid pressure may be
the ouly pasitine diagnostic signs that this group pre
sents  Headache of 1self 13 of course by no means
indicative of an intracranial hematoma  Actually
drowsy patients usually do not mention headache

The diagnows of subdural hemetoma 1 not gen
erally made on a single examination but on the pa
uents clinical course It 1s the increasing severity of
the s1igns and symptoms that are important since those
present from the ume of injury are usually due to
laceration or contusion of the brain

In summary 1t may be safely stated that if, after a
head injury a conscous pauent at any time from
bours to wecks or even months begins to show a pro-
gressive down Inil course in mental status or 1 neuro-
logic signs indicative of an intracran:al leson he must
be regarded as having a sulxiural or other mtragamal
bemmatoma until 1t 15 ruled out

Nonclintcal 4rds  Although the chimcal picture
provides the most valuable cntera in the diagnosts
of subdural hematoma there are certain nonchimcal
examinations that may be of great help These 1n
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clude a shift of the calcified pineal body 1n the skull
roentgenogiam, pneumo encephalography, venticu
1aphy, electroencephalogiaphy and angrogiaphy

An studies or anglography are not well tolerated
by the very sick patient with a subdural hematoma
and bilateral temporal (and/or other) burr holes aie
safer and nearly always diagnostic

Elect1o encephalography has not been of much help
in acute cases but in the subacute and chronic ones
has been of great assistance especially when repeated
EEGs are done and 1eveal a progressive abnormality
(see under clectio encephalography)

Localiing Signs  Abnormal neurologic signs due
to subdural hematoma although indicative of an or
ganic lesion are {1equently not of “localizing” value *

Locahizing signs of some degiee occur in nearly 50
per cent of the cases, but correctly indicate the side
of the hematoma i only about half this number In
the other patients with localizing signs these are cither
falsely localizing or there 1s a bilateral hematomd

An actual hemiparesis 1s present in almost a thnd
of the cases, but 1 about one quarter of these is on
the same side as the hematoma

An 1nequality of the pupils will be found 1n about
half of all cases A shght to moderate enlaigement
of one pupil 1s of no localizing significance A marked
dilatation of one pupil occurs 1n about 20 per cent
and when present 1s correctly localizing mn appioxi-
mately 60 per cent In the others 1t 1s either opposite
to the hematoma or there 1s a bilateral Iesion

Convulsive Seizures A convulsive seizure occur
ring before operation in patients with 1 subdural
hematoma 1s surprsingly common, being recorded mn
as high as 20 per cent of pauents in one series # Pre
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sumably a lacetated or contused brain 13 the cuse or
a contributing factor  Tlus high frequency of serzures
n the presence of bramn njury and subdural hema
toma 13 2 serious complhaung factor and frequently
preapitates a hcmlparcsu or a coptinuing stupor In
an already drowsy patient.

Pulse Cerebrospinal Fluid Pressute and Blood Pres
sure  Although Browder and Meyers have shown
that there 15 no constant relatiomhip between pulse
rate, blood pressure CSF pressure and state of con
1aousness 1n cases of subdural hematomz there me
certain observations that deserve comment. A slow
pulse 11 found 1n at least one third of the cases and
an elevated CSF pressure mn tbout two-thurds A rise
1 blood pressure occurs in approsumately one third
and 1n about 50 per cent of those who show a rapid
down-hull counse 1n the first 48 hours after 1njury (see
Cushing s observations ) A hugh CSF pressure 15 the
rule 1n thus latter group Most individuals with a
subdural hematoma who develop a systolic blood pres
sure over 170 are likely to have an elevated lumbar
puncture pressure (17 out of 18 cases wheie such com
bined studies were done) A lugh CSF (lumbar punc
ture) pressure, on the other hand 1n subacute or
chronic cases 11 more often unassoctated with a rise 1n
blood pressure

Causes of Death. The mortality 1n cases of subdural
hematoma when all groups are mcluded ranges from
39 to 41 per cent 1n different series 4 o

The cause of death in those operated 1n the fint
week aiter injury and especially in those who come to
surgery 1 the first 48 hours may be autributed largely
to direct brain trauma A ligh per cent of the deaths
among the subacute and chronic cases are 1n those
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who have become comatose and who might have been
saved by earlier operation It 1s very evident that if
a patient 1s comatose or deeply stuporous before sur
gery his chances of survival are greatly lesscned

In the subacute and chronic cases coma only too
frequently 1s due to irreversible changes 1n the brain
stem and elsewhere resulting primarily from compres
sion by the hematoma 27 8 which explains the lack of
improvement following operation 1n many of the un
conscious patients

At operation 1n some cases the compressed brain
fails to “expand” after evacuation of the subduial clot
and the mortality 1s high 1n this group

Surgical Treatment of Subdural Hematoma The
tuming of surgical intervention 1s extremely important
The acute cases are emergencies and may be indis
tnguishable from epidural or intracerebral hema
tomas In the subacute and chionic group the drowsy
patient must be followed with extreme care and op
erated on before the appearance of coma which often,
in a drowsy patitent, comes on suddenly

Local anesthesia supplemented with intravenous
Pentothal Sodium, when necessary, 1s the most satisfac
tory method of anesthetizing these patients, especially
when they are irrational, drowsy or stuporous

Perhaps the most satisflactory operative approach in
patients suspected of having a subdural hematoma 1s
through the temporal region on each side with the
patient supine, the head supported by a posterior neck
rest (o1 sand bag), and the head of the operating table
elevated (Fig 5) Both sides of the head are explored
as about 18 per cent of these cases have a bilateral le
sion The head should be draped so that a laige sub
temporal decompression and ocaipital burr holes for
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BURR HOLE FOR
VENTRICULOORAM

Fio.5  Posit on of the panent and operatlve approach used
in removing a sabdural or eprdural hemorrhage,

ventniculography can be carned out if necessary  The
great majority of subdural hematomas can be found
and removed through the subtemporal approach al
though additional burr holes may be made when indy
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cated Obviously if a hematoma 1s exposed dunmng
the performing of accipital burr holes for ventiiculog
raphy 1t may be evacuated through such an approach
ff 1t s fluid, o1 further bun holes may be requned
more anteriorly 1f there 1s any question of the ewist
ence of a solid clot

If a hematoma 1s not immmediately cxposed on
opening the duta n the temporal regon a curved
instiument may be gently passed thioughout the sub
dural space over the lateral smface of the hemisphere,
keeping 1t close to the duia and avording the bridgmg
vems neai the longitudinal simus and low in the tem
potal 1egion \When a senusohid clot o1 thick mem
branes aic present the subtemporal decompicssion
can be extended to any size desned and m a direction
toward the center of the hematoma I[ the clot 1s
lage and semisolid (cuntant jelly type) 1t 1s often most
eastly 1emoved by mserting the gloved finger or a
cutved msttument widely into the subdwal space
some clots aie 1elatively fiim and loculated and this
method 1s then more sausfactory than nugating the
subdual space with saline  When membiances aic
encountered a laige prece of both the outer and mner
onc may be removed for diranage thiough the decom
presston  Somectimes fluid 1s present beneath the n
net membrane and hence 1t should always be opened
It has only occasionnlly been considered necessary to
remove large portions ol the subduial membranes
It 15 well to dian all cases for 21 hows with 1 soft
rubber diam mscrted through a stab wound m the
scalp  The dicssing will usually be found soahked
with brown fluid on the fust postoperative dny

Among the advantages of the subtemporal opera
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tion 13 that when & large opening must be made the
decompression will be adequately protecied by tem
poral muscle and fasaa which 13 not true n operz
tons 1n the postenior parietal region In addition
with the pauent supine and the head of the table
elevated the contents of the hematoma will usually
gravitate with ease out through the subtemporal
operung  Fprdural and intracerebral hematomas sub-
doral hydromas and areas of intracerebral softening
n the temporal or inferior frontal region can also
be evacuated through the subtemporal approach

In the series of 300 operated subdural hematomas
referred to throughout this section it was necessary
to turn a bone flap 1n only a small number of cases
and this was usually o remosve an orgamzed liverhle
clot or one with unusually thich membranes that
appeared to prevent re-expansion of the compressed
brain.  Certainly 1n the sick pattent with a subdural
bematoma a cramotomy should be avoided whenever
pouble @

SUBDURAL HEMATOMA IN INFANCY
AND CHILDHOOD

Subdural hematomas are common 1n infancy and
childhood. A hustory of trauma 1 obtained 1n
the minonity of cases espeaially mnfancy  Malnutn
ton and a deficiency of vitamin C 13 present 1n many
with signs and symptoms of scurvy in some patents.
The bleeding and clotung time may be increased

The symptoms appear at any time after bith  The
infant becomes imitable and bistless A convulsive
seuzure olten jacksonian in type occury 1n a high
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cated  Obviously if a hematoma 1s exposed duning
the performing of occipital buiy holes for ventiiculog
raphy 1t may be evacuated thiough such an apptroach
if 1t 15 fluxd, or further buir holes may be 1equned
moie anteriorly if there 1s any question of the exist
ence of a solid clot

If a hematoma 1s not immediately exposed on
opening the dura in the temporal region a curved
insttument may be gently passed thioughout the sub
dural space over the lateral surlace of the hemisphere,
kecping 1t close to the dura and avoiding the bridging
vewns near the longitudinal sinus and low 1n the tem
poral region When a semisolid clot or thick mem
branes are present the subtemporal decompiession
can be extended to any size desned and 1 a direction
toward the center of the hematoma If the clot 1s
large and semusolid (currant jelly type) 1t 1s often most
easily 1emoved by mserting the gloved finger or a
cutved 1nstrument widely nto the subdural space
Some clots are relatively fiim and loculated and this
method 1s then more sausfactory than irrigating the
subdural space with sahine When membranes are
encountered a large piece of both the outer and mner
one may be removed for diainage through the decom
pression  Sometimes fluid 1s present beneath the in
ner membiane and hence 1t should always be opened
It has only occasionally been considered necessary to
remove large portions of the subdural membianes
It 1s well to drain all cascs for 24 hours with a soft
rubber diain nserted through a stabh wound 1n the
scalp  The dressing will usually be found soaked
with brown fluud on the first postoperative day

Amoug the advantages ol the subtemporal opera
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tolerate the performance of bilateral skull burr holes
which should be made f flud continues to form
the subdural sprce  Such a procedure 15 also used
for dhagnosis in the older child where a subdural tap
15 not possible

The burr holes are placed n such a manner that
the subdural space can be drained and a bone flap
turned later if pecesary  If membranes are found
bilaterally they are removed on only one side as thor
oughly as possible through a bone flap About a
week later a umilar proredure 1s curied out on the
opposite ide and the membranes there exased

Comment The euology and nature of many sub-
dural hematomas 1n mfancy and duldhood appears
to be different from that 1n adults Some systemic
factor 23 mentioned, 15 often present, for instance
malnutrition or even scurvy This factor seems to
account for findings rarely seen 1n adults, such as
reunal hemorrhages and fresh bleeding in the sub-
dural space and mnto the cerebrospinal fld even 1n
chronic cases  The hematomas as stated, very olten
conust of yellow flurd  In adults 1t 13 true, the sub-
dural flurd may be yellow but these cases are {n the
munonty and not the majority as 1y true in infancy
Furthermore a flmd subdural hematoma rarely re-
form: when removed 1n the adult even though the
membranes surrounding 1t are allowed to reman
In infants and chuldren the subdural space usually
rapidly efills alter drainage unlexs the membranes
are exciaell  For this reason alone the membranes
should be Jargely removed n the young panent. In
addiuon the rapidly enlarming brain of the infant
may be hampered 1n 1ts growth if a membrane which
constriets 1t s left in place. In some nfants Guid
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percentage of cases The patient may vomit and ovel
a period of days or weeks become progressively drowsy
The temperature 15 frequently elevated in part as d
result of dehydration

Examination may reveal a bulging or tense fon
tanelle with a large head and separation ol the sutures
i infants In older children roentgen examination
may show separation of the sutures and other evidence
of increased intracranial pressure  Subconjuncuval or
retinal hemorrhages, are found 1n a considerable num
ber of cases and internal strabismus when the intrd
cranial pressure 1s high  Papilledema occurs in some
children where the head cannot enlarge with ease
The deep reflexes are commonly increased or unequa!
and a positive Babinski is not infrequent Hemi
paresis or even hemiplegia may appear

Lumbar puncture olten reveals an elevated pressurc
and blood-tinged spinal flusd which 1s xanthrochromic
on standing In other pauents the spinal flusd 15
xanthochromic or clear The diagnosis 1n infants 1s
confirmed by a subdural tap done through the most
lateral aspect of the anterior fontanelle This tap
usually obtains a yellow fluid or a bloody onc that 1s
yellow after standing The subdural or spinal flurd
as a rule has an elevated protetn  Thc majority ol
these subdural hematomas are bilateral

Treatment of Subdural Hematoma in Infancy It s
usually wise to remove no more than 15 cc of flmd
from the subdural space on cach side during the first
tap Thereafter alternate sides of the head are tapped
every other day removing 15 to 25 cc cach ume for
one to two weeks During this interval the nfant
gencra]]) improses and begins to take 1ts nourishment
much better The pauent js then well enough to
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wbdural one where motor weakness 1s generally less
s.evere. A common hstory 13 that following trauma
to the head a patient regains consciousness apd sub-
sequently becomes drowsy and develops a progressive
hemiparess.  Exploration 1s carnied out through the
temporal regions for a suspected epidural or subdural
hematoms but neither lesion 1s found On the side
opposite the motor weakness evidence of brain 1njury
may be present 1n the form of swelling subarachnoid
hemorrhage contusion or laceranon In any case 1t
13 wise to enlarge tlie subtemporal decompression and
exanune the anterior portion of the temporal lobe
and the wnferior postenior portion of the frontal lobe
Not infrequently an area of softened devitalized cere
bral cortex will be found Application of the sucker
to this area may unmedrately lead one into a large
intracerebral clot which can be removed with case
leaving 2 fairly smooth cavity At times 1t 15 necessary
to enlarge the cortical opeming and 1nsert retractors
to evacuate the clot adequately for some of them may
be huge, espeaally when a branch of the middle cere
bral ariery has been lacerated by an overlying de
pressed fracture.

In some patients, as desanbed by Botterell 1+ hena
portion of destroved brain 1 removed with the sucker
n the manner mentioned above an area 13 entered
which 13 not hematoma but macerated at times hique
fied brain perhaps mixed with a small amount of
clot.  An area of softening of this type may act like an
intracerebral blood clot and gradually enlarge by the
acquusiion of fluid and cause cerebral compression.
When such an area 15 entered any struming by the pa
uent may cause the devitalized brain tissue to be ex
truded hike vomitus, again leaving a farly smooth car
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does not reform following repeated tapping In these
cases 1t 15 questionable whether any further surgical
procedures are indicated

Of course where the etiology 1s traumatic and no
complicating systemic element 1s present, subdural
hematomas 1n infancy and childhood are much the
same as 1n adults and then a true blood clot rather
than yellow fluxd may be found in the subdural space

An encapsulated collection of yellow fluid in the
subdural space may also result from an inflammatory
process such as a meningits or an otitis media  Treat
ment of these cases 15 the same as outlined for sub
dural hematoma

SUBDURAL HYDROMA OR HYGROMA

Occasionally a blow to the head will cause a tear in
the arachnoid which allows escape of cerebrospinal
flurd 1 ball valve fashion into the subdural space
with Iittle or no associated hemorrhage The flud
accumulates and may cause symptoms identical to
those described for subdural hematoma 72

INTRACLERLBRAL HEMATOMA AND
LOCALIZED INTRACERLBRAL
MACLRATION

Traumatic mtracercbral hamatomas have been ests
mated to occur in less than 1 per cent of severe head
injuries #  The signs and symptoms of such a lcsion
may closely resemble those reported for an eprdural
or subdural hemorrhage and diffcrential diagnosss is
not usually made picopcratnedy A hemiplegia s
more common with an mtracachi] clot than with 4
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SURGICAL LESIONS OF THE
SCALP, SKULL AND BRAIN

LESION\S OF THE SCALP

Hematoma of the scalp 1n youth and n adults js
wsually not much of 2 problem  The blood as a rule
liquefies and 15 absorbed.

A scalp hematoma 1n infants likewise will generally
be absorbed spontaneously Someumes 1t enlarges
temporanly and occasionally 1t persists for weeks giv
g anwety to the parents.

1t the hematoma 1s enlarging, unsightly or fails to
absorb 1t someumes should be aspirated. Thus is done
carefully after proper preparation of the skin by
imserting a needle well to one side of the hematoma
and pasing 1t through the pencramal tissues along
the outer table of the skull untl 1t enters the fld
collection Do not tap directly over the clot as the
opening may persist and infection enter  Pressure 15
applied to the needle track for many munutes after
withdrawing the needie to be sure no bieeding occurs.

Cephalhematoma.  Occasionally 1in the newbarn a
hematoma will form under the pericranium and stmp
it away from the skull. Thu pencranial tissue may
owify forming 2 new outer table of the skull over the
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ity When no evidence of an expanding lesion 1s
found a ventriculogram 1s usually indicated if the
clinical picture has indicated the presence of such a
lesion (For an excellent paper on intracerebral hema
toma sce Browder and Turney, 1942)
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galea and well tied 10 that the wound edges are
firmly approximated. This takes all tension off the
skin 1n which the sutures should never be tied ughtly
A dressing 138 applied and held wn place with iquid
adhesive or collodion about 1ts edges

A roentgenogram of the skull should be taken 1f
there 13 any suspiaon of a depressed fracture. Teta
nus antitoxan or toxord 1s used as 1n all wounds.

More extensive lacerations of the scalp are handled
mn the operating room in much the same fashion as
described for the smaller wounds  The head 1s shaved
widely and the scalp pamted with anuseptic. Pro-
aaine, with epinephrine three drops to the ounce 13
used to cause a block anesthesia and present hem
orthage  The wound 1s then copiously washed with
soap and water saline and some merthio ate followed
by saline. Durnng this stage bleeding u controlled
with self retauning mastoid or thyrod retractors.  All
damaged tissue 13 debrided.  Calea sutures of silk or
catgut are very useful here to take all tension off the
skin before the wound 15 closed (Fig 6) Actual loss
of scalp tissue can make closure comphicated and may
require ingenious 31 nging of scalp flaps (see under
penetrating wounds)

FRACTURES OF THE SRULL

In thus section the important types of skull fractures
are discussed although some of them are not surgical
lestons.

Simmple hnear fractures of the skull are of little ng
nificance 1w diagnosls, prognoss or wreatment. They
are evidence that a head injury has occurred, but gne
no 1ndication as to whether or not there has been
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surface of the clot and can be seen 1n a roentgeno
gtam In addition pressuie erosion of the skull at
times occurs beneath the hematoma

Treatment consisis of early aspiration and rarely
of masion and removal of a solid clot When actual
bone foimation takes place this must be exposed and
removed

Laceration Theie 1s a popuiar belief that lacera
tions of the scalp raiely become inlected and that 1n
a hospital they should be tieated by the most junior
interne, usually 1 the accadent 10om  Lacerations
do become 1nlected and this 1s a serrous complication
if there 1s an undetlying depressed [ractuie, {ot then
osteomyelitis, meningitis o1 brain abscess may [ollow
Should an operation for an intiactanial hematoma
become necessary, an infected scalp mtroduces a grave
danger

Small lacerations 1if handled properly may be
treated 1n the accident 100m, but extensive ones are
mote safcly cared for 1n the operating 1oom

In treating small lacerations, the scalp should be
shaved fo1 about two inches around the skin defect
The scalp 1s then cleansed with meithrolate or a
similar solution and may be anesthetized with pio
caime The wound 1tsell 1s washed with soap and
water and then swabbcd with merthiolate [ollowed
by saline  The wound 1s diaped with moust towels

The depths ol thc wound aie now caiefully e
amined, esplored with the gloved finger, and gently
probed 1f necessary to rule out completely the posst
bility of a depresscd fracture  The shin cdges are
dchriided with scissors, the wound 15 agamn washed
with saline and closuie carried out  If there 1s active
bleeding one o1 moie sutures unc used through the



Fractures of the Skull 57

Stmple depressed fractures are treated surgically 1n
adults unless the depression ol the nner table 13 only
a few mullimeters 1n depth  Cumcally they may be
palpated through the scalp but this method can be
deceptive. A hematoma of the scalp rather commonly
will have a soft center and firm edges which to the
palpating finger gives the definite 1mpression of an
area of depressed skull Roentgenograms are neces-
sary for diagnosis and for dedding the type and loa
tion of the shin flap that 13 to be turned down 1n ex
poning the fracture. When the depressed area 15 1n
the frontal region the skin masion should be along
the line of the coronal suture within the hair line
The operatinne procedure otherwise 1s as described
below for compound depressed fractures of the skull
The chief diflerence 11 that when the fracture 15 not
compounded the bone fragments after being removed
are usually thoroughly washed and replaced.

Depressed Fractures in the Newborn. Simple de
pressed fractures are common at birth and are often
assoctated with an extemsive indentation of the lat
eral aspect of the skull At umes an indentation 15
present without any actual fracture and n some cases
can be corrected by mampulaton of the skull

The depressed skull must be corrected promptly
and this requires surgeny especially 1f a fracture 13
prasent.  In these cases the a1ea of depression unlike
those 1n adults, must be truly elevated. The proce
dure 15 smple A burr hole 1s made 1n the skull and
the bone elevated everywhere to 1ts normal contour
\«Llllll a flat director passed between the dura and the
skull

Compound Fractures. The ordinary compound
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SKIN SUTURE

F1¢ 6 Galea and shin sutures used 1n closure of the scalp

intrtactamal mjury They require no treatment in
themselves and will heal in about six months 1n chil
dren and at a later date in most adults Presumptive
but not absolute evidence of fracture 1s the presence
ol a periorbital hematoma [ollowing a blow to the
back of the head, ecchymosts behind the ear, blood
in the middle ear causing discoloration of the drum,
drainage of blood from the nose or ears, or edema ex
tending 1n linear fashion over the lateral aspect of
the skull  Lscape ol cerebrospinal fluid from the nosc
or cars, of course, means that there 1s a fracture
Bleeding from the ear may occur in the absence of
fracture as a result of laceration of the ear canal fol
lowing a blow to the jaw

What has been said of simple linear fractures ap
plies equally to simplc comminuted fractures If the
latter arc extensne one may surmise that the blow
has been quite severe but hittle more
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The head 18 shaved and the wound prepared anes
thetized and draped as described for extensive lacera
tions and for penetrating wounds, The lacerated area
is excised and the wound extended with a strught or
curved inasion to expose adequately the area of de
presion (Fig 7) Selfretaming retractors, Michel
clips or hemostats on the galea are employed to con
trol hemorrhage. 1Vith the common deprested frac
ture seen 1n eniliap life that occurs from a blunt in
strument Iike a hammer or larger object a small
trough of bone 13 removed entirely around the periph
ery of the depressed area To start this removal usu
ally requires the making of a burr hole to one nde
of the depressed region (Fig 8A and B) but at tumes
this 13 unnecessary as a purchase with the rongeur
may be possible on one of the bone fragments.  After
removing the trough of bone as described (Fig 8C)
all the deprossed fragments can then be extirpated
almost mmultaneously  Any underlying vessel on the
dura or brain which bleeds when the pressure of the
Lone 18 removed can now be promptly controlled with
silver chips (Fig 8D and E) coagulaung current Gel
foam or Gbrin foam * Do not elevate or withdraw
any bone fragments until 1t 1 possible to remove al
most all the depressed area rapidly at the same time
or bleeding may be started beneath this area and cause
severe damage to the brain before the remaming frag
ments can be rongeured away and the offending vessel
™

It should be noted that except m chidren com
pound depressed fractures are very rarely elevated.”
The bone fragments are removed and usually dis
crded slthough they may be wathed and i1n some
cases replaced  Little concern need be given to the
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LACERATION
OF sCALP

DEPRESSED
dﬁ FRACTURE \ 8

T'é 7 A and B Methods of d¢bridement of 1 scalp
laceration and exposure of a compound depressed {racture
of the skull

linear fracture of the skull passing benecath an area
of lacerated scalp requires no treatment except cleans
ing and debiidement of the wound as described

A simple linear or even shightly depressed fiacture
into the paranasal sinuses 1s best treated with sulfla
drugs and antibrotics, unless complications arise

Compound depressed fractures occuiring over the
vertex or convexities of the skull should be treated
surgically The hazards of menmingitis, brain abscess,
brain damage, and post-traumatic epilepsy are too
great to handle them otheruise

The diagnosis 1s made by inspection of the wound
and by roentgenogram The laceration of the scalp
frequently lies at some distance from the underlying
fracture and this must be considered carefully 1n plan
ming the draping of the head and the scalp ncision
to uncover the depressed area (Fig 7A and B)
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BLYER CLIP ON
LACTRATED DURA

LACERATED BRAIN

Fia B (Cont)

When the undeillymg, duia and ain have been
exposed the Tist concern 1 conuol of hemonhuge A
large piece of nomst gauze or hram cotion < be
«quickly placed over the exposed arca and hemorrhage
contratled with guntle presute  T'he gawse s 1c
moved in stages and each bleeder handled with dip
or coagultion as it s exposed A3 mentioned when
bleeding 15 provent between dura and skull the dura
can be sutwed to the periosteum tius tunponing i
against the muer tible of the aanmnm I the durn
1 intact a tny area usunlly should be opened espe
aally if 1t appears blue to 1ule out a sulxdural hema
toma  If the dwa iy alicady laccrated the exposed
brain s impected carefully and any growly macerated
portion gently removed with the sucker  \Macoraed
Lrmin may be not only a source of infection but of
later scar formation Obviowsly subdural or intra
cerebral hematoma alo should be evacuated  To
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fact that a skull defect will be left as this can be
covered by a plate at a4 later date

TROUGH OF
BONE REMOVED

I1c 8 Stiges v B and C n ramoving n arer of dc
pressed shull fracaurc Bonc Irgments should not be dis
turbed unul Stige € hias been completed Control of
blcedme D from mddle menmgeal vesscd ind 1. from
brumn vesse] after 1anoval of depressed shull fragments
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there are signs of neurologic defidt. In treating more
severe and powsibly contamunated depressed {racturey
invalving a sinus expert surgical handling 1 required.
At least 1000 cc. of blood should be available.

As desanibed, 1n any depressed fracture iragments
of bone should not be removed until the enure de
pressed area can be elevated at the same time. If a
tear m the sinus 13 encountered it should be covered
iramediately with brain cotton and compresed with
the finger to prevent ar entering  Preparation is
then made to close the operung  If the aize of the
tear 1s small this may be sutured, or a prece of muscle
can be mutured over it When a shelf of imntact bone
hies above the torn area muscle or Gelfoam can be
placed over 1t and the dura sutured to the pericamal
tissues, thus tarpponing the hole m the sinus as 1
done so often to control dural bleeding 1n any cram
otomy When a dural sinus i3 torn completely acron
1t shonld be securely igated or closed with uilver chips

PENETRATING WOUNDS OF THE BRAIN

Our knowledge of the treatment of penctrating
wounds of the brain has been derived chiefly fiom
WIr experiences, % 4, 268 glthough such 1n
Junies are NOt uUncomMmOn n peacetime  The banc
prinaples involved 1n the handling of these cases as
faid down by Cushing 1n World War I reman
applicable today but the use of the sulfa drugy, pen:-
allin  and emergency transfusions 23 well as carlier
treatment of the wound by the neurosurgeon 1n World
War I has led to certain changes 1n management and
hat lowered the mortality rate.

Classification of Penetrating Wounda, Although
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the dura 1s then closed tightly using, il necessary, a
pertosteal graft, temporal fascia or fascia lata

Penicillin o1 sulfa powder should not be used on
the biain for fear of causing convulsive seizures It
1s best to leave a thin r1ubber drain through a stab
wound 1n the scalp for 24 hous

Compound Fractures into the Frontal Sinus A com-
pound depicssed f{ractuie of the fiontal 1egion 1n
volving the fiontal o1 ethmoid simuses, i1f extensive,
or if 1t includes the posterior wall of the fiontal sinus
where the dura may be lacerated, should be ticated
surgically The area of involved bone can be ap
proached under local or general ancsthesia through
the skin laceration o1, if this 1s small, through a long
coronal ncision turning the skin flap forward over
the face The fiontal sinus usually should be com
pletely oblitcrated down to the lontonasal duct, re
moving all mucous membrane and the entire posterior
wall of the sinus The duct can be covered with a
small piece of Gelfoam The dwal and birain wound
are handled as alieady desciibed and the duia closed
tightly A loose packing and steiile catheter or soft
rubber drain may be left i place and biought out
through a stab wound to one side of the cyebiow
Daily irngation with penicillin or baciiacin through
the catheter can be used The packing usually 1s en
tirely removed 1n several days Antibiotics and sulla
drugs are best continued for a weck or moie

Compound Depressed Fractures Involving the Longi-
tudinal or Major Venous Sinuses ‘! Small shghtly de
pressed compound fiactures over a venous sinus due
to a blow from a blunt instrument ame at times best
left alone except for superfictal debridement, unless
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there are signs of neurologic defiat  In treating more
severe and posibly contamunated depressed fractures
involving a sinus expert surgical handhing 1s required.
At least 1000 cc. of blood should be available.

As described, 1n any depressed fracture fragments
of bone should not be removed until the entire de
pressed area can be elevated at the same nme. If 2
tear 1n the sinus 13 encountered 1t should be covered
immediately with brain cotton and compressed with
the finger to prevent air entenng Preparation 13
then made to close the opening If the mize of the
tear 13 small this may be sutured, or a piece of muscle
can be sutured over it When a shelf of intact bone
lies above the torn area muscle or Gelfoam aan be
placed over it and the dura sutured to the pencramal
tisuey, thus tamponing the hole 1n the sinus as 13
done 1o often to control dural bleeding 1n any canmt
otomy When a dumal sinus 13 torn completely acoss
it should be securely higated or closed with silver clips

PENETRATING WOUNDS OF THE BRAIN

Our knowledge of the ireatment of penetraung
wounds of the brain has been denved chielly from
War expenences, 140 L. glihough such 1n
junies are not uncommon 1n peaceime. The basic
pnnaples involved 1n the handhing of these cases as
laid down by Cushing 10 World War I remmn
applicable today but the use of the sulia drugy, pen:
allin  and emergency transfusions as well as earlier
treatment of the wound by the ncurosurgeon 1n World
War II has led to certain changes 1n management and
has Jowered the mortality rate

Clagslfication of Penctrating Wounds. Although
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there 1s an infinite vanation 1 penctiating brain
wounds they may be satisfactorily divided into four
groups

1 Wounds i which an instrument like a knile or
icepick 1s thrust 1nto the bran

2 Wounds in which bone fiagments are driven
through the dura into the brain as in the gutter type
of bullet wound, or in the common depressed fracture
resulting from a hammer blow

3 Wounds where 1n addition to pieces ol bone, a
bullet or shell [ragment has lodged in the brain

4 Wounds of through and thiough type, with a
point of entry and of exit, where the missile passes
directly through some portion of the mntracianial cav
1ty

Signs and Symptoms and Indications for Treatment
A practical classification of the early signs and symp
toms 1s one based on the severity of the injury
which, of course, will depend upon many factors in
cluding the type of penetrating missile and the [unc
tion of the area of brain damaged A pauent may be
critically 1njured, seriously mjured or less seriously
mjured  An assessment of the severity of the condi
tion will determine whether the patient can tolerate
surgery and, il so, how wigently 1t 15 indicated

The critically injured are those who appear more
or less mortbund fiom associated wounds to other
parts of the body damage to the vital centers of the
brain, or brain compiession from intracranial hemor
rhage and brain maceration In this group nice judg
ment 15 reqmrcd in selecting patients for surgery
Those 1n shock, especially from hemorrhage or asso
ciated 1njury, should be given immediate care At
tention to fractures, chest or other wounds, may 1m



Penetrating Wounds of the Brain 65

prove the patient s condition to the point where the
{ntracrantal wjury can be assessed and treated surgl
cally when indicated. It seems established that there
are few operatve neurosurgical emergencies among
cases of penetrating wounds of the bramn and that
actually the cntially or seriously injured may usu
ally Le benefited by 12 to 24 houn of conservative
treatment. On the other hand when signs of severe
bramn compression from probable mtracranial hem
otrhage are present emergency surgery is indicated
provided the patients condition does not appear
hopeless.

The sertously injured patient with a penetraung
wound of the brain 15 one 1n whom the wound 1s seri
ous, but the general condition and vital signs do not
suggest immediate danger to ife. In these cases sur
gery should be performed as soon as proper facihties
are available  They should be treated as emergencaies,
espeaally if the condition begins to deteriorate ap-
parently as the result of mtracranial hemorrhage

The less sertously injured are those with penetrat
Ing brain wounds that bave not resulted 1 any senous
neurologic or general physical abnormality These
patients are consaous and may be ambulatory Some
of them will have insignificant scalp wounds through
which a piece of sharpnel has penetrated the brain
without 1n some cases, caunng x loss of consaousnens.
Such cases 1llustrate how essential 1t 19 never 1o over
look or underestimate the seriousness of the smallest
s@lp wound  Surgery may be postponed temporanly
i many of this group

Burgical Treatment of Penetrating Wounds  The
present treatment of penetrating wounds of the brain
1 well established Treatment at or near the
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place of injury should consist of emergency care ol
shock and of hemorrhage, if necessary The head
wound must not be tampered with except perhaps to
shave and cleanse the surrounding scalp, control sur
face bleeding and apply a dressing  Tetanus anti
toxin and antibiotics are given if there 1s to be some
delay 1n defimtive surgery

It has been shoun that patients with penelrating
wounds of the brain stand transportation very well
unless they are in shock They should be taken to a
hospital where modern neurosurgery with all the nec
essary equipment 1s available In wartime this was
usually the evacuauion hospital five to 20 miles be
hind the front ine  These wounds must be treated
as Cushing stated i1n an “all or none fashion” In
complete operations must never be done

The general management and surgical approach 1s
much the same as described for the ordinary com
pound depressed fracture Adequate stereoscopic, pre
operative roentgenograms ol the shull are taken and
ample blood for transfusion must be available The
head 1s completely shaved and operation carried out
under local anesthesia if thc patient 1s co operative
Otherwise endotracheal ether 1s used

Before draping the head, the shin incasion to be
employed must be carefully considered The old
tripod mcision used 1n World War I has been largely
abandoned Thc arca of lacerated scalp 1s excsed
and the 1ncsion either extended i1n linear fashion or
curved around the periphery of the area of involved
shull so that a flap can be turncd (Fig 7A and B)
This flap can be rotated at the time of closure to cover
an area of skin defect if necessary When a scalp de-
fect 1s left 1t should be over a normal area of skull
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F 9 3 and B Débndement 1n a @se of penetrating
wound of the brain.

and this should be skin grafted immediately 1f pos-
sible usually with a spht thickness graft

Thorough débridement of the wound must be car
ned out. Al deutalized solt tissues and all bone
fragments are removed as described for compound
depressed fractures. The canal defect 15 enlarged
unul normal dura 13 everywhere exposed. The dura
13 débrided exanng as hutle as possible. The bram
iaelf 13 now carefully debnided removing all macer
ated brain and bone fragments with the aid of gentle
suction (Fig 9A and B) The tract into the brain 13
followed under direct vision to 1ts depths. 1f infec
tion 13 to be presented 1t s ewsential that all bone
fragments be obtained with 1f necessary the help of
additional roentgenograms, and this 1 true also of all
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OTHER SURGICAL
COMPLICATIONS
FOLLOWING HEAD INJURY

WOUND INFECTION

Wound infection has always been one of the most
dreaded complications of head injury  Fortunately
this complication 18 now not so common and usually
not 5o serious mince the mtroducuon of modern neuro-
surgery and the use of the sulfa drugs and antibroticx.

In dosed head njuries meningitis can occur as a
result of a fracture through a paranasal sinus or mnto
the muddle ear but bram abscess 1s rare.  Very ocen
sionally after a contuston of the scalp an infection
sets 10 Jeading to osteontyehitss of the skull which may
be followed by an abscess 1n the epidural or subdural
space or withun the bramn

Infection in open wounds of the scalp cramum or
brain 18 more common

Infection {n a simple laceration of the scalp 1 not
usually a setious complicauon unless intracranial sur
gery through thes aren 13 contermplated  When it oc
curs and 15 manifested by reddening and tenderness
of the skin edges the head 11 shaved rather widely

1
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Dragnosis of Deep Infection  Deep Infection and
even chronic brain abscess formation may take place
with few symptoms and signs espeaally when anti
biotics have been used.  Early symptoms 1nclude head
ache and stiff neck. The latter may be absent. Head
aches are nearly always present but may be somewhat
delayed and come on gradually The decompression
may cesse to pulsate and become tense  Papilledema
commonly 15 present accompanted by neurologic signs
of an expanding bran lesfon Signs of mernungitis
can appear at any tume, especially dunng the fint
three weels after injury through spreading of the -
fection into the ventricles or subarachnoid space.

Trealment of Deep Infection It has been demon
strated #* 1o the past war that when deep infection
occurs in a penetrating wound debridement or re
debndement should be carned out without delay
True abscess formation may not yet be present but
it 15 deemed unwise to wait 1n the hope that a cap-
sule will form In most cases roentgenograms will
reveal retained foreign bodies and these wall be found
to lic m a pocket ol pus with varylng amounts of
necrotic brain along the misle tract. Al pus for
eign bodies and devitalized brain are removed with
the sucker and the dura and saalp closed without
dramage. When unhealthy granulation tssue 1s pres-
ent beneath the saalp 1t 15 usual to drain the wound
for a few days

Chronie Brain Abscess In some patients a post
traumatic brain abscess is treated n the same man-
ner a3 used in nontraumatic cases™ % Thas 19 ape
azlly true if no foreign bodies Temamn within the
bramm  If the abscess is chronic and a fairly thuck
capsule has formed the absces may be excised.® @
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the skin sutures removed and most dressings apphed
If there 1s purulent drainage, the wound should be
packed loosely open and local bacitracin, sulfathiazole
or other ointment used The appropriate antibiotic
can be given after testing the organism’s sensitivity,
if desired

Infection Following Penetrating Wounds

Superfictal infection can be a very serious aflair
when 1t takes place as a complication [ollowing crani
otomy or craniectomy performed 1n the tieatment of
intracranial hematoma or of a penetrating wound
Such an infection most often 1s due to improper scalp
closure The infection may remain 1n the scalp and
linger on for weeks causing one galea suture after
another to slough out On the other hand, and espe
cially 1f the dura 1s left open, the infection may ex
tend inward causing an osteomyelitis, a meningis
or an intracranial abscess Treatment will vary with
the aircumstances Hot, wet dressings, antibiotics and
removal of sutures may be suffictent 1f the infection
1s confined to the skin

Low-grade infection 1n the extradural ussues may
persist In such a situation if a bone flap, skull plate
or extradural bone fragment 1s present 1t usually has
to be removed before healing will occur

Deep wnfection 1n the epidural or subdural space
or within the cerebral hemisphere may follow any
inadequately treated compound depressed fracture
with lacerated dura and brain In penetrating war
wounds deep nfection has been found to be ten
umes more frequent when a foreign body, especially
a bone fragment, has been left within the cercbral

hemisphere ¢
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injunies has been described 1 Chapter 2 The same
general treatment 13 used when memngius develops
n a patient with a penetrating wound of the brain
In addition the Iocal source of the infection which 15
often a reained foreign body 13 generally treated
surgically

Cerebral fungus®  or 1n other words a herntauon
of bran ussue through an opening o the skull may
follow operation for an intracamal hematoma or
penetrating wound. It can be of two types a benign
fungus which 15 the result of local cerebntis wound
wlection and an open dura, or a malignant fungus
due 1o increased jntracramal pressure caused by deep
mlection brain abscess, hematoma or rmely nécrotic
brain usstue. In the bemgn type hot wet dressings
and antibiotis are used and the fungus usually will
heal Writh the malignant form the herma 1 progres-
sive unul the cause 13 attacked directly and eradscated.

Osteomyelttis of low-grade localized type may fol
low any compound depressed fracture or iptracranyal
operaton. It can usually be handled with ease by
removal with rongeun  Only occanonally does the
disease process spread to imvolve a large area of skull

CEREBROSPINAL FI UID RIINORRHEA

Dramnage ol ceiebrospmal flird fram the nose or
thinorrhea (see Cesman 1911) has been mentioned
in Chapter © Nonsuigical Cases It miay occur as a
result of a fracture mvolvung the frontal ethmoid,
or occastonally the sphenoid sinus.  For such drain
age to take place there must be a communication be
tneen the subarachnoid spa-e and the paranasal staus
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If the lesion 1s less chronic the abscess can be dianed
by tapping and imjected with 10 to 20,000 units of
penicillin 15 on one o1 more occasions and then ex-
ased  Antibiotics and usually sulfadiazime are used
pairenterally in all these cases, but as mentioned, there
1s a danger of convulsive seizures 1f pemcillin 1s used
on the bramn after excising the abscess I have seen
a psychosis develop during nigation of the brain
with peniaillin following excision of a temporal lobe
abscess

Memmngitis  Meningitis may occul as an occasional
complication of a closed head mjury when theie 1s a
fiacture mmvolving a paranasal sinus o1 the middle ear
Meningitis 15 common 1n cases of penetiating wounds
of the biamn

Diffuse infection of the subarachnoid space has a
habit of comung on suddenly This 1s particulaily
true 1 closed head injuiles where the patient may
become 1apidly comatose over a period of 24 hours
If the diagnosis 1s not made ealy 1t may be too late
to save the patient Howevel, prompt tieatment
usually produces a diamauc 1ecovery The cardinal
symptoms and signs are headache, diowsmess, high
fever, stiff neck and other signs of meningeal nrita
tion A case of meningitis can be overlooked 1n pa
tients with acute trauma to the head since they so
often have a stifl neck and high fever in the absence
of meningitis However, when a patient who has
been doing fairly well develops a sudden nse
fever, meningitis should be mmmediately 1uled out
and especially 1f diowsiness or signs of meningeal

irritation appear
The treatment of meningitis 1in patients with closed
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SKULL DEFECTS AND THEIR REPAIR

Reparr of skull defects or cramoplasty 15 frequently
necessary 1n cases of head injury following surgery or
after treatment of compound fractures or penctrating
wounds [he skull defect may be covered with bone
tantalum ¢ or a number of other substances that cause
Little adverse tisue reaction

Small defects say the suze of a 2o-cent piece, usually
do not require repair except for cosmetic reasons and
w1l become firmly covered by fibrous tisue. Larger
defects may bulge when the patient stoops over and
if assoqated with headaches duminess or other -
aapaatating symptoms probably should be repaired.
Some patients develop apprehension and other psycho-
logical disturhances because of a shull defect which
they believe renders their brain susceptible to mnjury
1f they canpot be reassured on this pornt reparr 13
often helpful and of course 1s indicated when the
patient s occupation 1s such that the area of skull de
feet might be injured  On the other hand many pa
uents will rerpain well and asymptomatic with large
cranial defects.

There are many methods of making a skull plate
and also of 1nserting 1t.% The plate may be made
preoperatinely say by the dental department as in
the last war  This method 13 useful i coraplicated
plates where for instance a2 frontal bone with supra
orbital ndges must be reproduced  The average plate
can be made with ease by the surgeon. Preaperatively
4 piece of paper 13 laid on the shaved scalp and with
a penal the outline of the defect 14 drawn on the pa
per maling the drwing evervwhere about one-quar
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which 1mplies a laceration of the arachnoid and the
dura near or at the site of the fracture Because of
this intracranial communication there 1s always dan
ger of a meningitis In addition air may be driven
mn ball-valve fashion up through the nose and fistula
and collect 1n the subdural space, within the brarn,
or even 1n the ventricles Such a collection of air 1s
referred to as an aerocele, 1s visualized by 1o0entgeno
grams of the skull and at times produces signs and
symptoms of an intracranial expanding lesion

The mmitial treatment of rhinorrhea 1s usually con
servative as already described and most cases will clear
up within about one month If the 1hinorrhea per
sists, o1 1f meningitis or aerocele appear it 1s then ad
visable to obliterate the fistula by intractamal closure
of the dura An endeavor 1s made to localize the site
ol the fracture roentgenographically and a rhinologist
attempts by direct vision to see from which sinus the
drainage 1s occurring The operative approach may
be umnilateral through a tiansfiontal craniotomy If
the cribiform plate 1s involved a bilateral [1ontal flap
1s used The fistula can be appioached either extra
o1 intradurally It 1s excised and the dura closed
with, if necessary, a fascial graft Gelfoam may be
placed over the fracture site extradurally Any aeio
cele present will be spontaneously absorbed, but 1f 1t
1s under tension 1t can be tapped with a ventiicular
needle

When a compound depressed fracture of the ftontal
region with or without laceration of the oveilying
scalp 1s present and accompanied by a 1hinorrhea, 1m
mediate surgical repair 1s indicated The compound
(racture 1s treated as previously outlined and the fis

tula closed
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merely laid over the defect and fixed m place with
tantalum wedges In certamn regions to prevent ship-
ping, or where the skull 1s thin a portion of the plate
an be sutured to the solt tssues or occasionally to
bone after making dnll holes This sumpler method
of imuerting the plate usually avoids exposing the dura
and stipping 1t from the skull which 1s necessary
when dnll holes are made for winng

Plates have been inserted at the primary opera
uon for depressed fractures and other contaminated
wounds but 5t 13 probably best to wait six months be
fore performing cramoplasty 1n such cases. In clean
operations a skull defect may be covered immediately

Postoperatively infection 18 uncommon after cramo-
plasty but sterile flurd may collect around the plate,
sometimes for weeks requinng aspiration and the ap-
plication at times of an elastic bandage to the head.

Arterlovenous Ancurysm. Occasionally a fracture of
the skull will cause a tear m the carotid artery as 1t
passes through the cavernous sinus  As a result the
artennal blood is forcefully pumped into the venous
sinus.  There follows venous congestion and back
prassure with edema of the periorbital ussues on the
mvolved side. The eye is gradually and wsually pro-
gressively pushed outward at times leading to extreme
exophthalmos, swelling of the conjunctiva and even
corneal ulceration The extra-ocular muscles become
edematous and all or some of them cease to function.
The pauent may or may not hear a bruit with each
heart beat and careful inspection commonly Teveals a
simultaneous pulsation of the eye. On auscultation
over the cye or temporal region a definite bruit 15
heard and this usually will disappear on compression
of the caroud artery on that side  When the stetho-



78 Other Swigical Complications

ter to one-half an inch laiger than the actual defect
A piece of tantalum 1s then cut with scssors to the
size of the diawing Seveiral newspapers or towels
are laid on a haid suiface and on tlus the piece of
tantalum 1s pounded with a 1ound-headed stecl o1
wooden hammer The metal 1s malleable and with a
little practice can be beaten to any shape desned m
a few minutes At intervals 1t 1s laid on the patient’s
scalp for comparison with the contour of the sur
rounding skull and treated until 1t has the coirect
form

At operation 1t 1s geneially pieferable to explore
the defect by excising the old scar in the scalp 1f this
lies over the defect The mcision may then be ex
tended to any length desned o1 curved about the ma1
gins of the delect Adequate exposure 1s essential
At times, especially i the hontal region, 1t may be
preferable to turn a skin flap

There are several methods of inserting the plate
The bone edges may be exposed and a shelf cut n
the outer table so that the plate may be inlaid 3 The
plate 1s then held in position until tantalum wedges,
used like glazier’s points, aire driven into the bone
around the margm of the plate

The plate may also be wired to the skull thiough
drill holes in the bone about the periphery of the
cranial defect

A much simpler, more r1apid and highly satisfactory
way of mserting the plate 1s as follows With a scalpel
the periosteum Is mncised around the margin ol the
defect and about one quaiter mch away fiom 1t It
1s then brushed backward with a perosteal elevator
fo1 a short distance The hand made plate, fashioned
p]copemtwcl) o1 at operation as described, 1s then
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Following Ligaton of the internal caroud artery
the brutt may dnappear only to return the next day
After about 48 hours 1t may agamn duappear and ths
time permanently apparently as a result of throm-
bosis within the 1nternal ciroud which extends up-
ward far enough to obliterate the fistula into the
avernous sinus. W ith the disappearance of the bruit
the signs gradually recede and the patient 15 cured.
Unfortunately only too often the bruit persists and
it 15 then necessary to ligate the carotid artery intra
cranially as well a3 1n the neck.

ARACHNOIDAL CYSTS

Pauents who have sustained a fracture of the skull
with an underlying laceration of the dura and brain
octasionally develop an arachnoidal cyst. Spinal fluid
escapes through the laceration and at tunes even extra
canully In time collections of fluid become sur
rounded or encapsulated by outgrowing arachnoid
forming a ¢yst  Overlying the cyst the bone along
the fracture line sometimes atrophues leaving a skull
defect with uregular scalloped edges In the roent
gen ray films the fracture will be seen runnmg into
this charactenstic defect.

1t symptoms are present or the condition is pro-
gresuive operauon may be indicated at which tme
the osts are exced and the dura closed

POST-TRAUMATIC EPILEPSY

\ter a head injury a convulave seirure may ocon
during the finst few days or wecks or be delayed until

sometime 10 the future when the bramn has recovered

from the acute effects of trauma  When late seizures
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scope 1s placed over the eye the eyelid on the opposite
side should be closed gently with the examiner's fin
ger Otherwise flutter of the eyelid may simulate 4
bruit

Roentgenography of the skull may show a fracture
Carotid angrography 1s useful in confirming the diag
nosis  Usually the injected Diodrast 1s seen n the
carotid artery up to the region of the fistula where 1t
enters the venous system

Treatment of Arteriovenous Aneurysm Beloire per
forming any surgery 1t 1s well to test and at the same
time 1mprove the adequacy of the collateral circula
tion by compressing the involved carotid artery in the
neck for gradually increasing intervals during about
one week or longer This may be done digitally at
first or with a mechanical apparatus that can be lelt
in place Occasionally the fistula will heal spontane
ously alter a course of intermittent carotid compies
sion

Usually surgery 1s carried out at the end of a weck,
or sooner if the condition 1s progressing in an alarm
ing fashion There are several ways of approaching
the problem A satisfactory procedure 1s to obliterate
the implicated common carotid artery in the nech
with a home-made tantalum clip About one weck
to ten days later the internal carotid artery on that
side 1s also closed with a tantalum clip or Selverstone
clamp The procedures are done under local anes
thesia and the patient’s motor power and state of con
scrousness tested for a half hour o1 more before clos
ing the wound During the next week similar testing
1s carried out at very frequent intervals, so that the
clamp may be removed mmmediately from the artery
if any sign of weakness appears The bruit should
also, of course, be listened for
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conudered to Dave an assoaated cerebral contusion
as the probable cause of the seizures

Bran injury during birth 15 a most important cause
of epilepsy ocaurring later in hife. In the process of
delnery the brain can be mnjured by local trauma
compresyon or ischemua A vanety of brain lesions
may result from birth injury including meningocere
bral cicatrix areas of cortex where the gyn are small
and shrunken (microgyr) and more extensive lesions
of a cerebral hemusphere  Onc of the most important
epileptogenic lesions 1s scarnng of the medial and
mferior portion of a temporal lobe * apparently re
sulting from herniation of this area over the edge of
the tentorium on excessive molding of the head dur
ing birth n

Surglcal Treatment. The problem of surgical treat
ment 1n cases of epilepsy 15 too extensive a one to be
considered here except in a superfictal manner The
outstanding works of Penfield ™ # and his assoclates
suould be consulted for an undenstanding of this most
important subject

Surgery is used in the treatent of certain carefully
selected cases % # that have faled to respond satus-
factorily to medical treatment and the appropnate use
of anticonvulsive drugs

The selection of patents for surgery 15 a comply
ated one and incudes many individual factors in
ech cse  The usual bamc cnteria required before
exploring 2 patient for an epileptogenic lesion are
evidence in the history and on observation that the
attacks have a focal ongin 1n the surgiaally approach
able cerebral cortex or in the anterior or medual por
tion of the temporal lobe * % and confirmatory ev
dence in the electroencephalogram and in zir studies
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appear they tend to be 1ecuirent Until further fig
ures are available 1t 1s difficult to estimate with what
frequency patients who have had seizuies within sev
eral weeks following a head mnjuy will later develop
epilepsy

The madence of late epilepsy [ollowing penetiating
war wounds of the bram 1s high, having been estt
mated by Ascioft 3 as occuriing m 23 per cent of pa
tients 1 whom the dura remained intact and n 45
per cent of those with duial penctiation In gunshot
wounds as a whole, the incidence of epilepsy 1eported
in one series of 500 cases 3! fiom World War I was
98 per cent, but this rosc to 189 per cent where the
dura was penetrated, to 26 1 per cent with 1etained
metallic fiagments and 66 7 when bone was 1ctained

The occutrence of seizuies erther catly or late 1s
very low 1n cases ol closed head injury in general,
being repoited as much less than I per cent by El
vidge - On the other hand 1n a series of 300 sub
dural hematomas with closed head injuies, 60 had
a convulsive seizure before operation, an incadence
of 20 per cent, #* 56 of the patients with serzures had
acute or subacute subduial hematomas associated m
most cases with 1ecent severe brain injury and cere
bral contusion or laceration It seems more than
Iikely that the bramn contusion or laceration 1ather
than the subduial clot was the cause of the seisumes
in these cases If this 1s so then eaily convulsions
may be as [tequent in closed head mjuties as tn pene
trating wounds providing there 1s brain contusion or
laceration These findings are in keepimng with those
reported m another series *° of 71 patients with sub
dural hematomas, 25 per cent of whom had one or
more convulsive seizuies  Most of thus gioup were
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SPECIAL AIDS IN
DIAGNOSIS

TECHNICS

Lumbar puncture 15 a simple procedure and can pro-
vide much valuable information if properly  per
formed.  When incorreatly used or carried out it can
be harm[ul and supply muleading data

The pauent should be on his nde near the edge of
the bed and his spine flexed by drawing the knees nto
the abdomen and gently fexing the neck A pillow 13
wsed under the head to avoid lateral flexson of the
neck and compression of the Jugular vein.  An un
stertle towel 15 placed beneath the patient to protect
the bed from the colored antiseptic solution used on
the skin of the back. With the thumb natl the inter
¥pace between the spinous processes of the third and
fourth lumbar vertebrae is marked with a cross di
rectly sn the midhine. Thuy interspace lies just above
the pelvic brim  The interspace immedsately above

or the two below may 2lso be used if desired.
Stenile

gloves are now used and the back widely

painted at the level chosen with merthrolate or other

antiseptic. Do not use drapes. A few drops of 1 to

% ber cent procalne can be used in the fan A 19
87
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SPECIAL AIDS IN
DIAGNOSIS

TECHNICS

Lumbar puncture 13 a sunple procedure and can pro-
nide much valuable wnformation if properly pe
formed  \Yhen incorrectly used or carried out 1t can
be harmful and supply musleading data

The patient should be on his side near the edge of
the bed and hus spine flexed by drawing the knees into
the abdomen and gently flexing the neck A pillow 1
wed under the head to avoid lateral flexion of the
eck and compresyion of the yugular vemn  An un
stenle towel u placed beneath the patient to protect
the bed from the colored antiseptic solutton used on
the sln of the back. With the thumb nail the mnter
space between the spinous processes of the third and
fourth lumbar vertebrae 1 marked with a cross d
rectly in the midhine. Thus interspace lies just above
the pelvic brim  The interspace ymmediately above
or the two below may also be used 1f desired.

Sterile gloves are now wied and the back widely
pamnted at the level chosen with merthiolate or other
antiseptic Do not use drapes. A few drops of 1 10
2 per cont procaine can be used i the skin & 19

o
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gauge lumbar punctuie needle 1s inserted at the spot
marked, after cheching the position of the spmous
processes  The pomnt 1s mserted so that 1t just misses
the up of the spinous process below 1t  Holding the
needle so that the shaft can be well visuahzed 1t 15
slanted shightly upward, about 30 degiees, and ad-
vanced slowly and steadily forwaid, heeping 1t m lme
with the longitudinal axis of the spme and on the
same plane as the spinous processes Advancng the
needle 1n jerks 1s painful  Usually the pomt can be
felt to pop though the dura It 1s advanced another
one eighth to one fourth of an mch The stlette 15
withdiawn and immediately 1eplaced 1f fhud escapes
If no fluid 15 obtained the needle 1s advanced a little
further m stages, each time withdiawing the stlette,
until fluid escapes If the needle strikes the antertor
wall of the canal 1t 1s withdiawn m stages If sull
no spinal fluid 1s obtamed the procedure must be
repeated

When fluid escapes fiom the needle be careful not
to lose moie than a few diops Apply the water
manonieter to test the lumbar puncture piessure
Now 1elax the patient’s legs and extend them a Iittle
so that he 1s not snamng m any way Have the
arms lie loosely on the bed Ask the patent to relax
completely, close his eyes, and breathe m and out
with his mouth open  Usually the cerebiospmal flind
pressure will be noted to fall gradually until 1t 1eaches
the cotrect reading for that pauent This may take
many minutes The normal pressure 1s anywhere
from about 70 to 160 Any stiaiming whatsoever will
give a false reading  Now 1emove the desired amount
of fluid slowly and take a final reading

If a lumbar puncture 1s done 1lways take a pres
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sure reading  Don't try to estimate the pressure by
the rate of escape of the CS.F  Thus 1s grossly 1n
accurate  Remove a few cubic cenumeters of fluid
into each of three test tubes  In thus manner an eval
uation an be made as to the ongin of any blood
which may be present. If the lumbar puncture itself
has caused the bleeding the fint tube will contamn
the most blood. 1f the blood catue from intracranially
all the tubes will be the same color or the third one
may be a decper red

Never do a lumbar puncture on a patient with an
acute head snjury if he struggles and resists and never
compress hus jugular tetns to perform a Quechenstedt
test. Either procedure may produce 2 harmful rise in
tracrnial pressure and straiming may result o a
rise in blood pressure and consequent intracranial
hemorrhage

Pneumo-encephalography was introduced by Dandy
in 1919  In this diagnostic test the cerebrospinal fluid
15 withdrawn and replaced by air or other gas The
arr fills the ventricles and subarachnoid spaces of the
bram and will thus outhne them in roentgenograms
taken of the skull

A pneumo-encephalogrim 1s performed with the
patient in the utting positton  The head 15 flexed
slightly forward and the arms supported in front of
the patient on a rest A sheet 1s tied around the
thorax and bencath the axillas and then about the
charr for support when an anesthetic 15 used. Some
use local anesthesa and sedation  The patients have
much less pain react better and bave less shock if
travenous thiopental sodium is used

\ lumbar puncture needle 13 inserted at the third
or fourth Jumbar interspace and a pressure reading
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gauge lumbar puncture needle 1s inserted at the spot
marked, after checking the position of the spinous
processes  The point 1s mnserted so that 1t just misses
the tip of the spinous process below 1t  Holding the
needle so that the shalt can be well visualized 1t 15
slanted slightly upward, about 30 degrees, and ad
vanced slowly and steadily forward, keeping 1t 1n lme
with the longitudinal axis of the spme and on the
same plane as the spinous processes Advancing the
needle 1n jerks 1s painful Usually the point can be
felt to pop through the dura It 1s advanced another
one eighth to one-fourth of an inch The sulette 15
withdrawn and immediately replaced 1f fluid escapes
If no fluid 1s obtained the needle 1s advanced a little
[urther in stages, each time withdrawing the stilette,
until fluid escapes If the needle strikes the anterior
wall of the canal 1t 1s withdrawn in stages If still
no spinal fluid 1s obtained the procedure must be
repeated

When fluid escapes [rom the ncedle be careful not
to lose more than a few drops Apply the water
manometer to test the lumbar puncture pressure
Now relax the patient’s legs and extend them a little
so that he 1s nmot sthainng in any way Have the
arms lie loosely on the bed Ask the patient to relax
completely, close his eyes, and breathe in and out
with his mouth open  Usually the cerebrospinal fluid
pressure will be noted to fall gradually until 1t reaches
the correct reading for that patient This may take
many minutes The normal pressuie 1s anywhere
from about 70 to 160 Any straining whatsoever will
give a false reading Now remove the desired amount
of fluid slowly and take a final reading

If a lumbar puncture 1s done always take a pres
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sure reading  Don't try to estumate the pressure by
the rate of escape of the CSF  Thus 1s grosnly in
accurate. Remove a few cubic centimeters of flusd
into each of three test tubes. In this manner an eval
uation can be made as to the ongin of any blood
which may be present. If the lumbar puncture tself
has caused the bleeding the first tube will contan
the most blood. If the blood came from intracranially
all the tubes will be the same color or the third one
may be a deeper red

Never do a lumbar puncture on a patient with en
acute head njury of he struggles and resuts and never
compress us jugular veins 1o perform a Quechenstedt
test  Either procedure may produce a harmful nuse in
iotrecramal pressure and straining may result mn a
nse 1 blood pressure and consequent intracramal
hemorrhage

Pneumo-encephalography wis introduccd by Dandy
1 1919 In this diagnostic test the cerebrosprnal fluid
1 withdrawn and replaced by air or other gas The
ar fills the ventmcles and subarachnoid spaces of the
brain and will thus outhne them 1n roentgenograms
taken of the skull

A pneumo-encephaloginm 15 performed with the
patent 1n the situng position  The head 15 flexed
slightly forward and the arms supported m front of
the pauent on a rest A sheet 15 tied around the
thorax and bencath the axillas and then about the
chair for support when an anathetic u used  Some
use local anesthesta and sedation  The patients have
much less pain react better and have less shock if
intravenous thiopental sodium 15 used.

\ lumbar puncture needle 13 1nserted at the third
or fourth lumbar interspace and a pressure reading
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taken When normal the fluid rises 1n the manometer
to the level of the patient’s neck, usually around 450
mm A three-way stopcock 1s lelt on the needle Be
fore removing any fluid 10 cc of air are mnjected after
drawing 1t into a 10 cc syringe through a piece of
sterile gauze Always before injecting any air be
sure there 1s a very free flow of CSF under a fairly
high pressure (1e, around 450) Now alternately
withdraw 5 cc of CSF and inject 5 cc of air until
about 90 to 110 cc of air have been used If there
1s some elevation of the spinal fluid pressure, or if a
brain tumor 1s suspected, smaller amounts of air gen-
erally are used It 1s a useful practice to take one
anteroposterior roentgenogram of the skull after 30
cc of air have heen 1njected to obtain an estimate of
the size of the ventricles and to determine whether
air 1s entering them In cases of hydrocephalus or
cerebral atrophy, more air may be used than usual,
providing {luid 1s obtamed Test the pressure at in
tervals If 1t [alls below 1ts 1nitial level small amounts
of extra air may be injected to maintain the original
pressure

Following the 1njection of the air the patient’s head
must be kept 1n such a position that the gas cannot
escape from the ventricles He 1s now taken to the
Department of Roentgenology Proper manipulation
of the head during the taking of the roentgen ray
films 1s necessary to obtain maximum filling of the
ventricles with air

Pneumo-encephalograms are not usually done on pa-
tients 1f the mtracramal pressure 1s much above nor-
mal, on patients with more than one diopter of pap1l-
ledema, nor on those who may have a posterior fossa

tumor Ventriculograms are used instead in these
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ases. In 2 pauent suspected of having an ntra
cranial surpieal lesion the air study is performed m
the morming and the surgeon must always be pre
pared to operate the same day 1if an expanding lesion
n demonstrated  Otherwise a chain of events may be
preaipitated leading to the patient s death

Ventricnlography first performed by Dandy in 1918
15 done by injecng ar directly into the Jateral ven
tricles through ocaipital burr holes.

INTERPRETATION OF PNEUMO ENCEPH AL O
GRAMS AND VENTRICUI OGRAMS

Arr studies are of value 1n nonsurgical cases 1n 10
dicating the presence of brain atrophy or injury In
surpcal caser these methods are very useful in diag
foung certain cases of intracranial hematoma or ab-
scess formation (Fig 10A-D)

Pneumo-encephalography in Nonsurgical Cases
After 2 severe trauma to the head an air study not 1n
frequently reveals some dilatation often asymmetricl
of the ventricles (Fig 10D) In additon there may
be increased amounts of air 1n the subarachnoid spaces
over the cerebral hemupheres These findings are
usually interpreted as evidence of brain atrophy
which may be more marked in the cortex or in sub-
cortical areas. 1f injury to one cerebral hemisphere
b severe the lateral ventridde on that side may be
Larger than the opposite one and the enure ventricu
far system shufted toward the atrophic hemisphere
. At times 2 collection of air will be seen filling 2

o within the cerebral hemusphere, which com
mumeates with the ventricle or subarachnoid space.
Such an abnormal callection of arr 18 due 1o the de
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NORMAL
VENTRICLES

DILATED

VENTRICULAR
VENTRICLES

SHIFT TO LEFT

THIRD VENTRICLE

I''c 10  Appcarance of ventricles after ventriculography
or pncumo cncephalography A ind B normal ventricular
system G Ventricles are shufted to the Icft by 1 night
stded subdural hematoma D The ventricles arc cnlarged
duce to brun atrophy following a scvere closcd head mjury

structtion of an area of brain and 1s refeired Lo as
porencephaly

Pneumo-encephalogram and Ventriculogram in Surgi-
cal Cases
Subdural Hematoma A unilateral subdural hema
toma will almost always be revcaled 1n a satisfactory
atr study The hematoma causes a shift of the ven
tricular system to the opposite side, just as does any
expanding lesion (T1g 10C) It 1< not necessarv (o
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take roentgen ray films with the patient 1n the up-
nght posion for diagnoss However with the pa
trent upnight, occasionally a characterustic air shadow
may be present between the inner smface of the clot
and the brain near the midline

When the subdural hematoma 1 bilateral there may
be no ventricular shuft and the diagnosis can be over
looked. Usually the clot on one side 15 larger and
hence displaces the ventncles

Intracerebral hematomas glso can be demonstrated
by adequate air studies. A lesion of thus type dis-
places the ventricles to the opposite side and often
m an asymmetrical fashuon. The resulting distortion
of the ventnicular system appears much the same as
with any other intracerebral mass such as brain tu
mor or chronic brain abscess.

ANGIOGRAPHY

Carotid angiography or arteriography s weful in
the diaguosis of subdural or intracerebral hematoma.
This method was fint used by Monuz mn 1927 It
consuts of mjecung 35 per cent Diodrast (1ntroduced
by Gross 1939) into the carotid artery under local or
general ancsthena  Semal roentgenograms are taken
at about half second intervals as the contrast medium
arculates through the arteries and then the veins of
the brain and suirounding tissues  Thus method s
of particular value when the panent 13 m good gen.
eral condition  The acute and early subacute cases
of subdural hematoma, or thost patien who are
quite drowsy or stupoious, do not stand the procedure

at all well nar do some elderly patients with arterin
sclerosis
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Anglography in Subdural Hematoma A subdwal
hematoma in displacing the undetlying cerebial hem:
sphere creates an avascular zone (in the angiogiam)
throughout the area occupied by the hematoma In
addition the vessels 1n the compiessed biain mmme
diately beneath the blood clot aie to some extent
obliterated and the deep lymg, laiger arteries Iike
the middle o1 antertor cerebial may be pushed to
waid the opposite side of the head

Angilography in Intracerebral Hematoma An intia
cerebial hematoma displaces and obliterates the Dio
drast filled cerebral blood vessels 1 much the same
manner as do cettain bramm tumosis

THE LLECTRO-ENCEPHALOGRAM
ASSOCIATED WITH HEAD
TRAUMA 14 49,107

Llectio encephalogiaphy, discovered by Berger * and
placed on a sound sctentific basis by Adian and
Matthews,* 1s of value in the study of brain wnjury

Considerable caution must be used m mterpretng
clectio encephalogiams on pauents with a history of
head trauma Generalizauons conceiming the find
mgs 1 a laige group of post tammatic cases should
not be applied to the mdividual patient

Thetre are many rcasons for this caution 1n 1ntel
pretation  The LLG findings lollowing ttauma arc
not specific and could have been piesent before the
patient was mjued  About 15 per cent of normal
people have some abnormality 1n then EEG To
determine whether an abnoimality 1s the result of a
specific injury, 1epeated ELGs must be taken over a

long period  Improvement in the 1ccord may take
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face or there may be a marked fuctuation in the
degree and iype of abnormality before the pattern
tabilizes.  Presumably such a fluctuatng abnormal
ity 15 due to temporary cellular vascular and edema
tous changes in the cortex subcortex basal gangha
and brain stem

The degree of abnormality of an EEG 1s judged on
the slowneys, wrregularity and amplitude of the waves
the presence of focal abnormalities the relative sym
foetry 1 the acuvity from the two hemuspheres and
whether or not there 1 suppression ol the normal
alpha rhythm

In head injunes with severe climical manilestauons
Mow waves at four to seven per sceond are usually
present diffusely throughout the record  Duning the
fint few days after the injury srregular and leay often
thythmic delta waves at two to three per second at
umes of high voltage occur  These delta naves are
fmore common 1n youthful patients  With less severe
tRuma generalized theta waves, either random o7
thythmic at four to seven per second and usoally of
moderate voltage (40 gV) are seen  Waves at a [re-
quency of four to seven per sceond can aygarently
be caused by traumatic changes 1 the bram stem

In the muld qse of concuswon there may he little
of po abnormality by one to two days alter the acer
dent. Some of these cases have what appears 1o e x
normal recard wath an alpha frequency at aay eighs
per second.  Days tn weeks later 1n o me J auenty
the alpha frequency may rise to ten (5 me e [rr aee
ond showing that the | revious tracing was ahne rimal

The amount of abnormality usually lewens with
the chimeal wmprosement of the patient hut wne

times the reverse occun, at least tetnpe rapsly It s
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rotation of objects or of the individual, 1s not very
often encountered as a result of trauma When pres
ent vertigo 1s the result of pathology in the vestibular
apparatus 1n the middle ear or its connections 1n the
posterior fossa A form of muld dizziness akin to
vertigo, described as a movement of objects or of
the patient, but not usually as a violent whirling, 1s
not uncommon These sensations may come on spon
tancously or be precipitated by movement of the head
or eyes and their origin, like true vertigo, 1s probably
in the middle ear or brain stem

Post-traumatic Nervousness Nervousness occurring
with headache and dizziness 1s quite frequent The
patient complains of easy fatigue, that he 1s mrritable,
more sensitive to minor annoyances, anxious and often
depressed These symptoms are more commonly pres
ent 1n the emotionally unstable, 1n compensation
cases and in the financially insecure, but they are
by no means confined to these groups

Treatment of post-traumatic headache, dizziness and
nervousness will vary with the degree of injury, type
of individual and many other factors In general, as
soon as the physical condition permits, these cases
seem to do better with a resumption of mental and
physical activity and the use of mild sedatives and
analgesics for headache Psychiatric care may be re-
quired 1 some  Certain localived post-traumatic
headaches have been relieved by spinal subarachnoid
mjection of air in the manner described by Penfield 7°

NLUROSES FOLLOWING HEAD INJURY

It 1s beyond the scope of this book to describe the
neuroses which may be assoctated with head trauma
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It 1 yufficient to note that a post traumatic neaross
either acute or chronic, may follow 2 head injury re-
gardless of whether or not organic brain pathology 1
present.  The organic changes however are not the
basis of the neuross

PSYCHOSES FOLLOWING HEAD INJURY

As already discussed organic brain injury may be
directly responuble for intellectual mpairment and
emotional disturbances. To what degree trauma may
aggravate an 2lcoholic, luetic, arteriosclerotic or other
organic psychosis depends upon many fxctors and the
writings of psychiatrists thould be consulted  With
regard to anv pomible relationship between trauma
and the functional psychoses such as manic-depressive
Piychoss or schizophrenia, the reader 15 referred to
the opimon of psychatrists
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REHABILITATION

Under this heading connderation s given to early
convalescent treatment as well as to later rehabilita
tion

In the past 1t was fairly generally accepted that a
patient should remain 1n bed for at least three weeks
followmng a head injury of moderate or severe degree.
Opon 13 now divided on this point but many au
thorities agree that such a rule should not be applied
indisciminately  Each case should be evaluated sepa
rately  If an individual {s symptom free within a few
days after 2 moderately severe head injury there ap-
pean to be no contrundication to allowing him to be
up. In fact he will regmin his vasomotor and muns-
cular tone more rapidly and wall be Ieas likely 1o have
postural diziness. On this polnt Penfield ' quotes
Dr K. G Mchenzle who has stated “I may say that
my practice for some years now has been to allow pa-
uents up rouch earller than we used to  In general
my rule now 1 to let them up a day after the patient
feels lile getung up for instance, I would not hesl
tate about letting a compound depressed fracture case
get up a day or two after operauon if he feels like {t.~

On the other hand if the patent continues to have
nmptoms  and especially 1f these have followed 2
wiere injury bed rest should usually be more pro-
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