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PREFACE

Head injunes have become of incrensing Importance to
physicians and surgeons In every community In a large
measure this is due to the appalling increase in the number
of highway accidents The automobile which is involved in
most road accidents bas rightly been called a “modern Jug
gemaut ”

Practitioners everywhere are constantly called upon to
render emergency treatment and after-care to the victims of
automobile accidents falls and other mishaps which result
in head injuries

Therc has been so much controversy concemning the proper
treatment of these injunies that the average medical attendant
is frequently uncertain as to the best procedure to follow in
any case

This bool. attempts to present a practical and concise ap-
proach to the problem Should 1t prove to be of assistance
to the physician or surgeon of average training our efforts
will have been amply rewarded

The authors are indebted to Dr Percival Bailey for the
Introduction and for his mvaluable advice in the publication
of this book

Our thanks are also due to Dr George E Milani, Director
of Surgery Drs Emmett A Dooley Eugene Bozsan and
Thomas ] O'hane Attending Sheletal Surgeons Dr S P
Goodhart and the members of the neurological staff at the
Momsania City Hospital for their cooperation

We wish to express our appreciation to Dr Leo M
Davidoff for reading the manuscript and for many valuable
suggestions
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We are grateful to Dis. Jolin Nolan. Fredenc W Bancroft
and James R Lisa of the City Hospital, Welfare Island, for
the use of matenal from their services Dr Chailes Davison
prepared most of the neuropathological maternial Dr. Theo-
dore Burstein and Dr. Henry Wigderson kindly asasted in
the preparation of the manuseript Dr Arthur Koffler re-
viewed many of the case hustories and assisted m the com-
pilation of the statistics. The Ime drawings and half-tones
were made by Miss Della Spark, and Miss Lillian C. Huntar
assisted in the preparation of the text TFnally the authois
are indebted to Mr Paul B Hoeber and his staff for their
considerate understancding and help

S. W, G
W. E
NEW YORK, N Y



INTRODUCTION

Cranial surgery began probably with the treatment of
wounds At any rate the Edwin Smith papyrus (earliest
known surgleal treatise dating from 3000-2500 B¢ ), de-
scribes various types of injuries to the head and their ireat
ment. They have continued to furnish an important subject
of medical discussion throughout recorded history We can
suppose that they were of mterest in prehistoric tHmes as
well, since men must have discovered very early that an
effective way to put an enemy out of achon was to strike him
a heavy blow on the head. But archeologlsts have disclosed
also that in prehistoric tmes operations were performed on
the cranium for other reasons than the treatment of wounds
From survivals of this practice in remote regions such as the
Atlas Mountains of Morocco 1t is belleved that these pre-
histonic trephinings were made as a treatment of epilepsy
doubtless on the theory that the subject was possessed and
that the demon must be given an opening through which to
escape. However If such operations were ever performed
Europe knowledge of them was lost and cranial surgery con
tinued to be practically confined to the treatment of wounds
untdl relatively recent times

Since very little was known about the functions of the
intracranial organs early discussions were concerned mainly
with the varlous types of fracture of the skull and the mech
anism of their production Until very recently any treatise on
injuries of the head would be filled with fllustrations of
fracture-lines and discussions of why the fractures ran in just
those directions But wath increasing knowledge of the func

i



AV INTRODUCTION

tions of the bram, a change-has gradually taken place so that
today a smular treatise, such as the present one, is concerned
manly with the mtracramal contents and very Iittle with the
fractures of the shull for reasons which the authors make
abundantly clear.

The increase in knowledge of the functions of the hram
which was mitiated by the investigations of Broca. and of
Fritsch and Hitzig, resulted ultimately m the localization of
a bram tumor by nference from the symptoms alone The
brilliant feat of Bennett, who induced Godlee to operate and
prove the correctness of lis conclusions, started a general
mterest not only m cerebral function but also in cramal
surgery and most of all 1n brain tumors Since that date
cranial surgerv has tended more and moie to concern itself
with tumors of the bram, except for the short period of the
World War. This mterest reached 1ts peak m the dommating
personahty of Harvey Cushing

But meanwlhile an mcreasmgly mmportant factor was re-
newing mterest n wounds of the head. As the antomolnle
furmished faster and faster transportation wlich esceeded
the ability of the human reaction-time to avord disaster, more
and more mjuries of the head occurred and county medical
socichies demanded ever more discussions of their manage-
ment, In an attempt to dimmsh the slaughter, laws have
heen passed to imit the speed at which automohiles may he
driven m certam 1egions but, wlile manufacturers are per-
mitted to make cars with speeds up to 100 miles an hour, 1t
has proved futile to attempt to 1mpose on drivers by law
a speed-hmt of 35 miles It seems probable, then, that the
subject of mjuries to the head will long be one of frequent
mterest to every physician

By the time that the automobile began a ty pical American
mass-production of head-mjuries, the inerease of our knowl-
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edge of intracranial physiology made, 1t obvious that the
fnjury to the intracranial contents was almost elways much
more important than that to the skull For this reason we miss
fn modemn treatises the long discussions of the mechanism
of fracture This shift in interest s reflected also 1 the man
ner of handling these cases No longer are serlously injured
patients kept wuiting for x ray photographs of the skull to be
made these are made only for definite reasons after all
symptoms of shock have disappeared, often just before dis
charge simply because they may be needed as evidence in
court. The fracture being usually in good apposition will
heal without treatment its posttion is fmportant mainly to
indfcate the possible source of continued bleeding

On the other hand the handling of cerebral injuries has
been much perfected particularly methods of controlling
the Increase in Intracranial tension By means of intravenous
hypertontc solutions, lumbar punctures and eventually de-
compressive operations the otherwise fatal hypertension can
usually be controlled It seems rather generully agreed that
operations except for the evacuation of localized collectons
of blood, had better be avoided. If they are performed one
should not be satisfied with halfhearted measures, since the
contused brain may mcrease 50 per cent in volume The usual
subtemporal decompression is futile and only increases the
damage

The svmptoms of patients with injurfes to the head change
rupidly They should be observed carefully and continuously
for several days No patient who has been unconscious even
for only a moment should be allowed to go out of reach of
a trained observer for the first few days Experlence has
shown also that it is wiser to put all such patients to bed for
two or three weeks their observation is focilitated and dis
agrecable sequels are thereby avoided.
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today a similar treatise, such as the present one, 1s concerned
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abundantly clear
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Fritsch and Hitzig, resulted ultumately mn the locahzation of
a bram tumor by inference from the symptoms alone The
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surgery and most of all m bram tumors Smce that date
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personahity of Harvey Cushmg
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societies demanded ever more discussions of therr manage-
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edge of intmcranial physiology made, 1t obvious that the
infury to the {atracranial contents was almost ahvays much
more important than that to the skull For this reason we miss
in modern treatises the long discussfons of the mechanism
of fracture This shift in interest 1s reflected also in the man
ner of handling these cases No longer are serlously mjured
patients hept waiting for x ray photographs of the skull to be
made these are made only for definite reasons after all
symptoms of shoch have disappeared often Just before dis
charge stmply because they may be needed as evidence m
court. The fracture, being usually in good apposition will
heal without treatment, its position is important mamly to
indicate the possible source of continued bleeding

On the other hand the handlng of cerebral wjures has
been much perfected, particularly methods of controlling
the increase In intmcranial tension By means of intravenous
hypertonic solutions lumbar punctures and eventually de-
compressive operetions the otherwise fatal hypertension can
usually be controlled. It seems rather generally agreed that
operations except for the evacuation of localized collections
of blood, had better be avoided If they are performed one
should not be stisfied with halfhearted measures since the
contused brain may increase 50 per cent in volume The usual
subtemporal decompression is futile and only increases the
damage

The symptoms of patients with injuries to the head change
rapidly They should be observed carefully and continuously
for severnl days No patient who has been unconscious even
for only a moment, should be allowed to go out of reach of
a troined observer for the first few days Experfence has
shown also that it is wiser to put all such patients to bed for
two or three weeks their observation is facilitated and dis-
agreeable sequels are thereby avoided
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sible. For the latter reason the patient s head should be ele-
vated until the pressure of his spinal fluid has returned to
normal and from that moment onward his head should be on
a level with his body or even lower in some cases until he no
longer complains of headache or dizziness He should be al
lowed up only very gradually, and any complaint of headache
and dizziness should return him at once to the horizontal post
tion from which he should not be allowed up to eat, to go to
the toflet or for any other reason This treatment is excellent
also for the rare malingerer for obvious reasons The rigld
enforcement of this management will result in a great redue
tion in the incidence of the so~called past traumatic neuroses

But when all is said and done, there 1s much that remains
to be learned about head injunes and physicians still have
different opinions about thelr management and about the
significance of many symptoms Their honest differences are
a source of much unfair criticism by some lawyers who com
plain that they cannot get the medical men to agree on any
thing OQutside the courtroom physicians more often agree
than disagree and when unable to reconcile their views are
apt to call an older or more experienced consultant Much of
the criticism of physiclans would disappenr if they made a
practice of always collecting their fees before testifying They
should probably be made state officials as the judges are they
are os expert witnesses, ashed to pass judgment

But many matters will remain under discussion for a long
tume not only in the courtroom but more o at the bedside and
in the oporating room Clear and concise summaries of the
status of medical apinion concerning head injurles such as
the following will be nceded from time to timo especiallv
if the present political unrest widens into a second World
War

PeRcTv AL BarLey
CHICAGO, 1LLINOIS
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“No mjury to the head 1s so shight as to be despised,
nor so great as to be despaired of ”
~—CHARLES B NANCREDE

International Encyclopedia
of Surgery






2 HEAD INJURIES

easly from thg pericrammum  Collections of blood or pus
spread freely m all directions 1n this loose tissue

The temporal muscle (Fig 1) 15 a fan-shaped structure
filhng the tempoial fossa It is attached to the upper tem-
poral nidge by a white shining fascia, which, together with
the muscle, forms an excellent protective covermg for the
underlymg soft tissues when the bone has been removed for
purposes of exploration or decompression The scalp 1s very
vascular, most of the blood supply being carried by vessels
m the subcutaneous tissue These vessels are terminal
branches of the temporal, supra-orbital, posterior auricular
and occipital arteries, and pass towards the vertex of the head,
runnmg 1n a tortuous course from then pomts of ongm.

The temporal artery 1s a continuation of the external
caroid It tunnels through the upper part of the parotd
gland, and becomes superficial about 5 mm m front of the
ear Its importance in surgery of the head les i the fact
that the viabihty of a scalp flap depends upon its blood
supply, and that a flap contammg the umnjured temporal
artery will have an adequate vascular supply The supra-
orbital artery ascends with the supra-orbital nerve from the
supra-orbital foramen The frontal artery accompanies the
supratrochlear nerve upward between the supra-orbital nerve
and the root of the nose The posterior auncular artery
ascends with the posteiior auricular nerve m a groove behind
the mastoid process The occipital artery, along with the
great occipital nerve reaches the scalp at a pomt midway
between the external occipital protuberance and the mastoid
process It 1s, m part, because of this great vasculanty that
mesed wounds of the scalp bleed so profusely, as well as the
toughness of the scalp which pievents retraction of the cut
ends when the arteries a1e divided The vems of the scalp
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are quito large and as a rule bear the same names as the
arteries which they accompany

The lymph channels of the scalp are in relation to the prin
cipal velns The frontal lymphatics descend from the fore-
head and eyebrows some going to the submaxillary lymph
nodes, while the greater number converge towards the front
of the ear where they enter the lymph nodes of the parotid
reglon The paretal Iymphatics pass to the mastoid lymph
nodes which e above the insertion of the sternomastoid
muscle The occlpital lymphaties go partly to the suboccipital
nodes in front of the occipital attachment of the trapezius
muscle, and partly to the deep cervical lymph nodes under
the sternomastold muscle in the middle of the nech.

The nenves of the scalp (Fig 1) are derived from the
tngeminal nerve and the cervical plexus The supra-orbital
nerve is a branch of the ophthalmic division of the trigeminal
1t Jeaves the orbit by way of the supra-orbital foramen and
supplies the skin of the forehead and scalp as far back as the
vertex The medial part of the forchead is supplied by the
supratrochlear nerve The temporal area of the scalp fs sup-
plied by the auriculotemporal nerve, a branch of the third
division of the trigeminal The zygomaticotemporal branch
of the second division of the fifth nerve supplies a small area
between the frontal and temporal regrons of the scalp The
scalp posterior to the auricle 13 supplied by branches of the
cervical plexus—the great auricular lesser oceipital greater
occipital and third occipital nerves

TIE SKULL

The skull cap or calvarium vanes greatls 1n thickness de
pending upon the amount of the diplod between the outer
and inner tables of compact bone. The inner table of the
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skull 1s thinner and more bnttle than the outer, and may
sometimes fracture with the outer table remaining mtact
The average thickness of the skull 15 5 mm. The thinnest
parts are mn the temporal regions, the thickest parts are at
the base The bones of the cranium are the frontal, two
panetal, occipital, two temporal, the sphenoid, and the eth-
moid, and are connected at thew edges by sutures The
frontal bone develops from two portions which become
jomed by the frontal suture shortly after birth This suture
closes rapidly, so that as a rule 1t 1s no longer demonstrable
after the age of six yeas, though rarely it may persist for
many years The sagittal sutwie unites the two parietal bones
The parnetal bones are connected with the frontal bone by
the coronal suture, and with the occipital bone by the lamb-
doid suture The temporal bones are jomed to the panetal
bones by the squamous sutures The frontal and temporal
bones are of special importance mn mjunes to the skull Frac-
tures of the frontal bone may eatend mto the frontal sinus,
which may serve as a portal of entry for infection mto the
mtracranial cavity The petrous portion of the temporal bone
15 often involved mn fractures of the base while the middle
menmgeal artery may be torn n fractures of the squamous
portion of the temporal bone

THE DURA MATER, DURAL SINUSES AND SUBARACHNOID SPACE

The dura mater 1s a tough membrane, and serves as a scc-
ond line of defense in the protection of the underlymg brain
when the skull has been mnjured The dura mater consists
of two layers of tough fibrous tissue which in most places are
firmly adherent to each other These layers separate m cer-
tam places to form venous channels, the sinuses of the dura
mater. The dura mater also forms strong partitions, the fal
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corebri and tentorfum cerebelll which divide the cranial
cavity into compartments, and form supporting structures
for the brain The dura mater is firmly attached along the
consexity of the cranjum by Bbrous processes of the outer
lnyer to the midline of the skull. The attachments to the
coronal and lambdold sutures are less firm Along the base,
the dural attachments are especually firm at the foramine,
where processes of the dura mater blend and become con
tinuous with the sheaths of blood vessels and nerves which
pass out of and into the cranial cavity In early life and in
old agp the dura mater is more adherent to the inuer table
of the skull

The superor longitudinal sinus begins at the foramen
cecum, through which it receives a vein from the nasal cav
ity and occuples the convex margn of the falx It passes
backward to the internal occipital protubernnce, where &
devintes, usually to the right, and terminates in the corre
sponding lateral (transverse) sinus The superior longitu
dinal stnus is trfangular in cross section narrow i front, but
increasing in caliber as it passes backward. It receives a
number of large vessels, the superfor cerebral veins, from
the bmin These tend to armange themselves in trunks—a
frontal, & precentral, a postcentral and occipital. They are
relatively unsupported, and may be torm even with minor
head fnjurles The inferfor longitudinal sinus occuples the
concave margin of the falx cerebri and receives the veins from
the mesial surface of the cercbral hemispheres and from the
falx cerebri The inferior longitudinal sinus Is continued ns
the stralght smus at the junction of the falx cerebri and ten-
torium cerebelll Tho stralght sinus continues backward and
downward to empty into the lateral sinus of the side oppo-
site the ono receiving the main channel of the superior longi
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tudinal smus The lateral sinuses are the mamn channels into
which all the other sinuses converge They begm at the in-
ternal occipital protuberance and pass laterally downwaid
and mward in the grooves of the occipital and temporal
bones to reach the jugular foramma The diploic vems, mas-
toid emissary veins, the superior and mferior petrosal sinuses
empty into the lateral sinuses The cavernous sinuses are
venous plexuses surrounding the body of the sphenoid bone.
Through each cavernous smus the corresponding carohd
artery passes Arteriovenous aneurysm may follow a frac-
ture of the base of the skull, which, extending into the
sphenoidal fissure, tears the carotid artery. The superor
longitudnal and transverse smuses may be torn in depressed
fractures of the vault over these structures The iesulting
hemorrhage 1s seldom severe and usually 1s easily controlled,
smce the venous pressme m the smuses 1s low, especially
when the head 1s elevated

The dura mater is closely appled to the underlymng arach-
noid membrane and, ordnarily, the subdural space 1s only
a potential space. However, following trauma, the dura mater
may be separated from the arachnoid by a collection of
blood or fluid, thus creating an actual (subdural) space.

The pia-arachnoid membrane, or leptomeniny, forms a
resthent fluid-containmg cushion for the bram. The pia
mater 1s m immediate relation to the surface of the bram,
contammg withmn its meshes the branching of the cortical
vessels. The pia mater follows closely the convolutions of the
brain. The outer surface of the leptomennx 1s adjacent to the
dwa mater. Delicate septa pass between the two layers of
the Jeptomeninx The space between ( subarachnoid space)
15 filled by the cerebrospinal fluid.

At the base, where the contour of the bram differs greatly
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from that of the dum mater the subarachnoid space be-
comes wider filling in the discrepancy, and forming the sub
arachnoid cisterns The most important cistern {s the clsterna
magna an enlargement of the subarachnoid space which
extends over the dorsal aspect of the medulla oblongata and
which 15 directly continuous with the subarachnoid space of
the spinal canal Fluld is removed from this cavity for diag
nostic and therapeutic purposes by the suboccipital or cls
ternal puncture of Ayer The other mnportant cisterns or
reservours of cerebrospimal fluid are the csterna pontis on
the under surface of the pons the cisterna interpeduncularis,
bounded by the cerebral peduncles the cephalic border of
the pons the corpora mamillaria and the tuber cinereum
and the cisterna chiasmatis ventral to the optic chiasm and
the cisterna amblens surrounding the midbrain

THE BRAIN

The bramn consists of cerebrum diencephalon mesen
cephalon pons medulla oblongata and cerebellum (Fig 2)
The cerebrum overlles the other portions of the brain, filling
the whole of the upper part of the cranial cavity The under
surfaces of the frontal lobes rest on the anterior fossae the
temporal lobes occupy the middle fossne the under sur
faces of the occipital lobes rest on the tentorlum cerebelll
below which 15 the cerebellum filling most of the posterior
fossa The cerebrum is formed by two symmetrical masses
the cerehral hemispheres separated by the falx cerebri and
jomed by a large transverse commissure called the corpus
callosum, and two small transverse commissures the an
terlor commissure and the transverse fibers of the fornix.

The cerebral cortex is divided by means of sulci and fis
sures into frontal, paretal temporul, occipital lobes and the
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insula, or island of Reil, which lies at the bottom of the
lateral fissure The lateral, or Sylvian fissure separates the
temporal lobe from the frontal and panetal lobes, and hes

Fic 2 Median sagittal section of the head Note relation of bram to crantum

approximately under the lme drawn on the surface of the
skull from the angular process of the frontal hone to a pomt
about a centiumeter above the lambda

The central sulcus (Rolando) separates the fiontal from
the panetal lobe. It lies under a hne drawn from the muddle
of the zygoma upward and backward to meet the sagittal
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plane of the skull about 1 e behind the midpoiat between
the glabella and external occipital protuberance
For practical purposes the cerebellam may be dwvided

Fio. 8 Relationship of ventricular system to the hrain and skull

into two lateral lobes and a median lobe, or vermis The
convolutions of the cerobellum are known as folia and are
divided by parnllel sulci

The Cercbral Ventricles

The lumen of the tube from which the central nervous
system develops remains in the adult as the central canal of
the spmal cord This is prolonged in the eaudal portion of
the medulla oblongata but soon becomes enlarged into a
broad rhomboidal cawvsty the fourth ventnele (Fig 3) In
the sagittal plane the fourth ventnicle appears as a triangle
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It has two lateral projections, the lateral recesses. which open
mto the subarachnoid space by means of the foramma of
Lushka A third opening, the foramen of Magendie, 15 lo-
cated m the median dorsal Iime at the caudal extremity of the
fourth ventncle The fourth ventricle commumecates with
the third ventricle by means of the aqueduct of Sylvius which
15 bounded dorsally by the quadngemmal plate and the pos-
tertor commussure and ventally by the ceiebral peduncles
and the pons The third ventricle 1s a narrow cleft sepa-
rating the optic thalamm It communicates with the lateral
ventricles by way of the foramen of Momo and the mter-
ventricular foramma Each lateial ventricle lies mn the cor-
responding cerebial hemispheie and may be divided mto
a frontal horn, that poition anteror to the foramen of Monro,
a body which extends fiom the foramen of Momo to a point.
opposite the splentum of the corpus callosum, a posterior
horm which 15 an extension of the ventricular cavity mto
the occipital Iobe, and a temporal horn extending mto the
temporal lobe



1

Chapter 1I
INTRACRANIAL PHYSIOLOGY

THE CEREBROSPINAL FLUID

There is still some controversy concerning the ongin and
function of the cerebrospinal fluld However for practical
purposes we may consider that the cerebrospinal fluid is
elaborated from the blood plasma by the choroid plexuses
of the laternl third, and fourth ventricles The ependymal
cells of the ventricles perlvascular spaces of the brain, and
blood vessels of the subarachnoid space also add to the sup-
ply of the cerebrospmal fluid. In many respects the cere-
brospinal fluid behaves more like a dialysate than an active
secreion The cerebrospmal flud has the same osmotic
tenslon as the blood plasma and alterntions in the plasma
content of chloride 10ns glucose and urea result in stmilar
changes in the cerebrospinal fluid

The arculation of the cerebrospmal fluid has been termed
by Cushing the “third circulation ” Thus is not comparable to
the circulation of the blood smce the cerebrospinal fluld
system does not have a central pump The movement of the
fluid is dependent on differences of pressure in vartous parts
of the system differences in chemcal composition which
promote diffusion on pulsations of the brain and alterntions
in the position of the body which permit the influence of
gravity to act. The circulation of the cerebrospinal fluid does
not have & constant directional course. Under normal con
ditions with the individual upright the flud passes from the
lateral ventricles through the fornmen of Monro the third

11
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ventnicle, aqueduct of Sylvius, and fourth ventricle It enters
the basilar cisterns of the subarachnoid space by passing
through the lateral foramina of Lushka. The flmd then
spreads upward around the bram stem and mto the sub-
arachnoid spaces over the hemispheres, from which 1t 15 ab-
sorbed into the venous system by means of the aiachnoidal
granulations (pacchiontan bodies) Some of the flud de-
scends along the spinal subarachnoid space to be absorbed
by the venous system of the spmal cord and spnal nerves.
Absorption 1s facihitated by the fact that the hydrostatic
pressure in the subarachnoid space 1s always greater than
that m the dural sinuses.

The function of the cerebrospmal flmd 1s stll partly
shrouded m mystery The mechamcal action of the fluid 15
self-evident It prowvides an efficient “shock absorber” for
the entue central nervous system, shielding 1t from the jolts
and jars of normal existence and protecting and mmimzing
the effects of moie severe traumata The entire central nerv-
ous system is cushioned in a noncompressible flmd which
absorbs and dissipates the usual and normal shocks and jolts
of everyday activity

The large reservons of cerebiospinal flmd permut altera-
tions in the volumes of the various components occupymng
the intracramal cavity TFor example, an mcrease in blood
in the intracramal vessels, such as results fiom venous stasis
m heart failure, 1s at the expense of the cerebrospmal fluid
content Likewise, m cerehial edema, the bram enlarges due
to an merease in mtracellular fluid, reducing the amount of
cerebrospinal fluid n the ventricular and subarac]mofd
spaces Conveisely, m ceicbral atrophy with reduction in
bram volume, the cerebrospmal flnd spaces hecome cn-

larged

Theories as to additional functions of the cercbrospmal
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nervous tissue Because of the nemly constant mtracramal
volume, changes m any of these components are reflected
immediately m the others

Following contusion of the bram there may be an m-
crease m tissue fluids (edema). This of necessity causes a
reduction mn volume of cerebrospmal fluid or blood, or both.
Reduction of blood volume 1s accompanied by some anox-
emia and an accumulation of CO,, both of which act as a
stimulus to the vasomotor centers, piovided they are m
a condition to respond Thus the blood pressure 11ses and the
pulse slows The mcreased blood presswe is transmitted by
means of the capillary bed to the venous system, which ele-
vates the venous pressme and comcidentally the mtracramal
pressure This mechanism 1s seen 1 some cases of acute com-
pression of the brain In many cases, however, the mjury to
the bram has been so severe that the vasomoto center does
not respond fully, if at all, and medullary compensation 1s
mterfered with

Smee the tension at which cerebrospmal fluid 1s filtered
through the capularies of the choioid plevuses 1s equal to
the capillary pressure mmus the osmotic tension of the non-
permeable elements of the blood plasma, intiacramal pres-
sure can he altered by changes m the osmotic tension of the
blood Because of this osmosis, hypertonic solutions, by vein
or by mouth, produce a fall m cerebrospmal fluid pressure
and, conveisely, hypotome solutions will produce a rse mn
the pressme

Intracramal pressure may be altered by the admmisira-
tion of drugs These act either by thewr mfluence on the
osmotic pressure of the blood serum, or by producing 2
change n the intracramal venous pressures Of the drugs
commonly used, caffeine causes a rapid fall m the intracra-
nial prcs;ure Caffeine and other anthine dematines pro-
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duce o temparary altertion in the collodal constituents of
the blood plasma with a marhed rise in osmotic tension
the blood plasma It is also probable that caffeine gives rise
to a vasoconstriction In the cerebral drculation with a de-
creaso in venous pressure Drugs, such as amvl mtrite which
produces a vasodilatation of the cercbral vessels, cause a
marked rise in intracranial pressure bv increasing the blood
volume in the intracramal cavity The usual fnhalation anes
thetics ordinarily incrense intracranial pressure becauso of
the asphyxin which attends their administration. During
asphyxia there is always o marked rise in venous pressure
with its accompanving rise in intracranial pressure As a mat
ter of fact, any condition which interferes with the return
flow of blood from the brain to the heart increases intra
cranial pressure.

BLOOD SUPPLY OF THE BRAIN

The brain derives its blood supply (Fig 4) from the two
internnl carotid and the basilar artery which unite to form
the clrele of Willis at the base of the bmin The vertebral
arteries pass along the laters! part of the spinal cord and
medulla oblongata and unite at the posterior border of the
pous to form the basilar artery The anterior inferior cere-
bellar arteries and the superior cerebellar anterles are de-
rived from the basilar artery The pastenior cerebrl arterics
arc also branches of the basilar artery aund fumisk the blood
supphy to the under surfaces of the occipital and temporal
Iobes.

The fnternal carotid artery enters the skull through the
foramen Iacerum It traverses the cavernous sinus along fts
lateral wall, reaching the brain near the medial side of the
temporal lobe where ft bifureates into the anterfor and middle
cerebral artenies The two anterfor cerchral artedes are
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jomed by a small antenor communicating artery. The pos-
terior commumcatmg artenies conmect each postcnor cere-
bral artery with the internal carotid arterv on the same side

'
- e A g bt o e - -~

Fic 4 Visuahzation of the cerebral arteries in man by the mjection of
diodrast into the common carotid artery

thus completing the arterial circle at the base of the brain
and providing a morc or less efficient collateral circulation
when one carotid or vertebral artery 1s occluded. The middie
cerebral artery supplies the lateral part of the frontal Jobe,
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the insula, the upper surface of the temporal lobe most of
the internal capsule and a greater part of convexity of the
hemisphere The antenor cerebral artery supplies the mesial
surface of the frontal and panetal lobes, most of the corpus
callostim the optic chiasm and a portion of the anterior part
of the internal capsule

The branches of the cerebral vessels which are known as
main trmks run mn the pia mater Contrary to popular im
pression they anastomose freely Small branches supply the
cortex while other branches pass deeper to supply the white
matter

The amount of blood within the intracranial cavity 1s de-
pendent on the size of the vascular bed. The following fac-
tors influence this

1 Vasomotor nerves It has been defimtely established
that the cerebral arterioles have a sympathetic nerve supply
Stimulation of the cervical sympathetics produces a brisk
contraction of the pial arterloles and thus a diminution in
the size of the vascular bed (blood volume) Recently a
vasodilator mechanism of the cerebml arterioles has been
demonstrated

8. Chemical control Increase in the CO, content of the
blood produces local vasodilatation Histarmne ergotamine
tartrate and amyl nitrite also produce a dilatation of the
cerebral arterioles

The sinuses of the dura mater form the main venous chan
nels of the brain A description of the venous sinuses has
been given in Chapter I The superior cerebral veins empty
into the superior longitudinal sinus These veins drein the
cortical and subcortical tissues of the mestal surface and part
of the lateral surface of the cerebral hemispheres The in
ferior cerebral veins druin the under surface of the hemis
phere, emptving into the middle portion of the lateral smus
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jomed by a small anterior communicating artery The pos-
terior commumicating arteries connect each posterior cere-
bral artery with the mternal carotid artery on the same side,

| f
t f the cerebral artenes m man by the mjection o

e Vlsuahzadlggraost mto the common carotid artery
thus completing the arteral circle at the base of the bramn
and providing a more or less efficient collateral circulation
when one carotid or vertebral artery 1s occluded The mddle
cerebral artery supplies the lateral part of the frontal lobe,

\
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The cerebral vemns show many variations 1n their anatomical
course and often the mferor cerebral vems may dram mto
the superior petrosal or cavernous sinus The great cerebral
vemn (vem of Galen) 1s made up of two large vemns which
dran the mner portions of the cerebral hemuspheres These
vems are formed by the confluence of vems from the an-
terior portion of the corpus callosum, the mferior surface
of the frontal lobe, the area around the hypothalamus, the
cerebral peduncle and the mferior horn of the lateral ven-
tricle

FUNCTIONS OF THE CEREBRUM

The orgamization of the cerebral cortex mto six cellular
layers having distinctive differences m varnous areas mndi-
cates a functional specialization of the various parts of the
brain The cellular structure (cytoarchitecture) of the cor-
tex has been studied extensively by Meynert, Campbell,
Brodman and more recently by von Economo and Koskimas
The basis of classification 1s the distribution, size, and type
of the neurones m each layer The wlite matter consists of
the myelinated association paths which connect and mte-
grate the various parts of the cortex with the rest of the cen-
tral nervous system

On the basis of histological differences, and also by func-
tional differences demonstrated by stimulation of the human
bram at operation, we have now a good knowledge of the
location of many functions The localization of other func-
tions has been the result of careful study of postmortem and

operative lesions
Frontal Lobe

The frontal lobe consists of that part of bram rostral to
the fissure of Rolando, and above the fissure of Sylvius Tt
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1s divided nto the motos, premotor, and prefrontal are
The motor area occupies the precentral gyrus on the late
surface of the hemsphere (Fig 5) It 1s the center for -
Iitional control of somatic musculature Irritative lesions
the motor area produce Jacksonian motor convulsions. I
structive lesions result i loss of volitional control with

crease m muscle tone and hyperactivity of the tendon refle:
(spastic paralysis) There 1s definite localization on the mo
cortex of movements of the various parts of the body T
representation on the motor cortex corresponds to the bo
mverted with the foot aiea ugh up nearest the mmdh
(Fig 6), and the representation of the face, jaws, and tong
low down nea: the Sylvian fissure. Stmulation of the mo!
cortex produces movement of groups of muscles mediats
certam functions. The action of the motor area 1s modifi
by mfluences from many other cortical areas which ma
possible complex volihonal responses The premotor ar
especially, correlates volitional movement.

The prefrontal cortex (the anterion portion of the froni
lobe) 1s especially concerned with psychic processes. I
juries of the frontal lobe cause slowness of cerebration, mei
ory defect, emotional and behavior disturbances and mn:
tention With unilateral mjuries the psychic disturbances m
be minimal or profound With bilateral frontal lobe mjur
the psychic disturbances are always profound, restlessne:
mcontmence, euphoria, disorientation, confusion, masturb
tion and voracious appetite often follow

Temporal Lobe

The tempoial lobe 1s that area of the cerebrum mferx
to the Sylvian fissure, and mergmg posteriorly with th
paretal and occipital lobes The temporal lobes correlat
auditory stimuli and probably also receive gustatory an
olfactory stmuh Lesions affecting the white matter of th
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depends on the mtegrity of several coordmated cortical areas.
The areas especially concerned are the mferior frontal con-
volution, the superior temporal convolution, and the angular
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Fic 7 Diagram of the visual system The left visual field 1s represented
m the nght ocaipital cortex, while the nght field of vision 15 represented m
the left OCCIPItBi) corten This 1s made possible by the decussation of the
nerve fibers from the nasal half of each retma, so that each optic tract
contans the fibers from the temporal retina of the same side and the fibers
from the nasal retina of the opposite side

and supramargmal gyr of the panetal lobe Disturbances in
the wnferior frontal convolution give rise to dysfunction of
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verbal or motor speech. A patient with a lesion localized m
this area knows what he wants to say but the formulative
motor mechanism is impawed. This is the so-celled motor
aphasia If he attempts to speak he may use the wrong word
and s aware of the faflure of his effort. He thereupon at
tempts to avoid the use of the wrong word and consequently
the volume of speech is reduced.

With a lesion somewhat posteror and supenor to the in
ferlor frontal convolation (the motor writing center in the
precentral gyrus) the patient suffers from agraphia, or in
ability to write

Alexia (inability to read) is caused by a lesion in the left
angular gyrus A patient with such a lesion may not be able
to name an object he sees but may be able to name it cor
rectly if he feels it, provided the tactile sensory pathways
are mtact. If the gustatory or olfactory tracts are unimpaired
he may be able to name the obfect by taste or smell

Anomiy is the term given to the speech disturbance re
sulting from lestons in the posterfor portion of the superlor
ternporal convolution and the adjacent parietal tissue The
patient is unable to call upon the correct word from the word
memory center located In this region In this form of speech
disruption the patient keeps repeating the wrong word (as
differentiated from the patient with a leslon in the infenor
frontal convolution) This is a sensory form of aphasiz and
he does not understand what he is saymg The volume of
speech may be increased in severe forms the patient will
fluently emit a meaningless jargon

Because of the multiplicity of connecting tracts between
the speech areas Injuries that affect the speech mechanism
rarely result in a single pure variety of ephasia Thus vardous
combinations of sensorv (receptive) and motor (expressive)
aphasias result



Chapter III

THE MECHANICS AND PATHOLOGY
OF HEAD INJURIES

THE MECHANICS OF SKULL FRACTURES AND BRAIN INJURIES

The anatomical structure and the elastic properties of the
skull greatly mfluence the type of mjury resulting from the
application of a foice to any part of the skull The lesions
produced are also dependent on whether or not the head 1s
stationary or i motion, 1 the latter case the veloaity plays
a major role

The energy of a blow by a blunt object traveling at a
relatively slow speed and striking the stationary skull, most
often produces the maximum damage to the bone and m-
tracranial structures directly at the site of the impact The
energy expended at the site of impact depends on the weight
of the object and the square of 1ts veloaity With differences
m the amount of energy, varymng degrees of mjury are pro-
duced Often the force 1s only great enough to deform the
shape of the skull momentanly, the elastic properties of the
skull resulting m a restoration of a normal contour without
any dissolution of contmuity The dura mater 1s practically
never damaged m this type of mjury because of 1its fibrous
and elastic character The underlymg bram, however, 1s al-
most always contused With forces of greater magmtude the
deformation of the skull 1s greater The mner table, as a
rule, fractures first and more extensively smce 1t 1s less elastic
than the outer table, and because of the curvature of the

calvarium
24
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With greater force both outer and uner tables may be
fractured. If the object producing the trauma has a com
panatively small surface, the energy will be expended aver
a relatively small area and if great enough, is more likely to
produce o depression of the skull In addition the under
lying bran may be contused The dura mater may or may
not be torn, depending on the degree of the depression

The cortex underlying the fracture or depression will usu
ally be covered by subpial hemorrhage, and in its substance
one often finds a focal hemorrhage surrounded by small
petechinl hemorrhages

While most of the energy of a blow to the stationary head
is expended at the site of impact, the elastiaity of the skull
results . the conversion of some of the emergy into an
indirect distuptive force This is brought about by a shortening
of the diameter of the skull parallel to the nxs of the applied
violence, and a lengthening of the dlareter ot nght angles
to this axis Indirect disruptive force produces widespread
petechial hemorrhages

Injurles sustained with the hend in motion as in traffic
accidents and falls, depend on the fundamental laws of mo-
tion When a head in forward motion is suddenly arrested by
a massive stationarv object, the greatest brain damage occurs
at a point directly opposite the point of impact Tlus is the
so-called contrecoup injury {Fig 8) and its mechanism is as
follows

The brain has many of the physical properties of fuids
(which are inclastic) A Jocalized Increase in pressure will be
transmitted as a wave at enormous velocity in all directions
Part of the momentum of & moving head arrested by » massive
stationary object is comverted into such n localized pressure
increase When the resulting wav e reaches the opposite side,
the skull at that point is std} moving forward Thus the pres
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the buttresses are weakened by numerous foramma for the
passage of cramal nerves and blood vessels, thus adding to
the susceptibility of these parts to fracture.

PATHOLOGY OF BRAIN INJURIES

Lesions present m the bram immedately followmng head
trauma are the result of the applied violence plus the reaction
of the bramn and 1ts vascular system

In the consideration of pathological changes m the brain
following trauma 1t is wisest to disregard entnely the term
“concussion ” Those who prefer to retamn this term (which
1s a poor one even when employed climcally), should restrict
its use to “indicate an essenhally transient state due to head
mjury which 1s of mstantaneous onset, mamfests widespread
symptoms of a purely paralytic kind, does not as such com-
prise any evidence of structural cerebral mjury, and 1s always
followed by amnesia for the actual moment of the accident”
(Trotter) Few persons die of “concussion” The anatomical
changes, if any exist, are therefore practically unknown

Cerebiral Edema

The occurience of edema of the bram followmg head
trauma 1s admitted by most students of the subject Its de-
gree and chnical importance have been the cause of much
controversy Exammations of human postmortem matenal,
and that obtamed from expermmental studies have not yielded
consistent results Nevertheless, 1t 15 impossible to deny the
frequent, though not constant, finding of mncreased flmd m
the bramn and meninges of persons dyimg several hours to two
or thiee days after a severe head mjury Many blood vessels
rupture following trauma, and others are occluded by
thromb, thus large areas of bramn tissue suffer from anoxema.
Tissues deprived of oxygen take up flmid and swell ( Cannon).
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with blood for a distance of 2 to 4 cm The capillaries and
smaller arterioles and venules are dilated and the coats of the
vessels may be disrupted with hemorrhage mto the adventiha.

AP PPl

.y

e

43

A\

ot
4
JO

£

I ;. 1 [} ‘:ﬂ'
113 e

A ,{%éi’:’a? J:f’}i ?

Fic 10 Deposition of fatty granules in an area of contused brain Fat stam,
X 120

Thrombi are found m the lumen of the vessels On micio-
scopic exammation the cerebral tissue and its fissmes are
filled with hemorrhagic materal and broken-down blood
pigment The cortex stams poorly and the cytoarchitectonics
are destroyed The ganglion cells show all types of patho-
logical changes Maiked changes are found mn the ghal ele-
ments at an early stage. The processes of the astiocytes
become swollen and granular At the end of thiee or four
days, amitotic division of astrocytes 1s found At this time the
ghal fibnls, previously present in the astrocytes, become in-
visible After all division 15 completed, new fibrils are laid
down. The microgha m the mjured arca are spurred 1nto
activity. There 15 at first a great mflux of microglial cells into
the mjured region Withm twelve hours the processes of the
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microglia are retracted and thickened, and after twenty four
liours many ameboid forms showing active phagocytosis are
found In many of them ingested blood cells are seen The
digestion of blood elements and particles of traumatized
cerebral tissue results m the production of lipmd substances
(Fig 10) These fat laden phagocvtic cells ave the typical
“fat granulc cells” or “gitter cells ”

Cerebral Laceration

Laceration of the brain (Fig 11), smilar to contusion
may occur at the site of impact, or in arens far removed The
location of the lesion follows defimte physical laws which
have already been described. Direct Incerations correspond
to the site of fracture Lacerntions are produced when the
force of the injurv is great enough to exceed the limits of
cohesion of the cerebral tissue Contrecoup lacerations are
dus to violent contact of the bran with the side of the skull
apposite the site of the appheation of the force Lacerations
are also frequently found on the under surface of the frontal
lobe and tips of the temporal lobe With severe injuries the
lacerations may extend into the ventnicle, with extensive
hemorthage

The microscopic changes are similar to those found in con
tusion hut they nre mare profound. In addition to the glial
reaction there Is marked mesenchymal proliferation In the
healing of these lacerations (Fig 12) the fibroblastic ele-
ments take an actne part. Numerous capillaries develop in
the newly fonned tissues which later produce a fbrous scar
between the durn and pa mater From this scar strands of
fibraus tissuc project into the underlying cerebrum Surround
Ing the fibrous tissue a wide zome of §brillary astrocytes is
found

When the laceration 15 caused by a bullet the reaction of
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the bram diffeis somewhat In general, the edema 1s much
greater than that poduced by other mjures The track of
the missile contamns neciotic and hemorihagic bram tissue

Fic 11 Traumatic laceration of the lelt frontal lobe

For about a centimeter aiound the track there 1s marked
edema and hemoirhagic mfilnation In the next zone, numer-
ous ring hemorrhages surround the small blood vessels The
pathological changes gradually decrease towaid the periph-
ery of the track.

Lacerated bram 1s at fist bnght red, due to nfiltration
with blood Later, as the blood and blood pigments are
phagocytosed, the area becomes browmsh-red Finally, a
scar composed of a fine fibrous meshwork, containing calufied
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ganglion cells is formed—the so-called plague jaunc Me-
ningocerebral adhesions surraund the old lnceration. Lacera
tions which extend into the ventricle form cavities contnining
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¥ 12 Healing laceration of frontatem, region, This patient died of
bmmfnptmmhthmuwhul}oter:l:mm hend[;juf)

cerebrospinal Buid These cavitfes are traumstic poren
cephalic cysts and their hning 1s composed of glial fbrils

Traumatlc Cerebral Hemorrhagoe

Intracramal hemorrthage accompanies a large proportion
of all moderatelv sesere and sen ere head injuries as attested
by the frequency with which blood 1# found in the spinal flmd
when lumbar puncture is performed Subpial and subarach
noid bleeding fs part of the pathological picture in all cases of
cerebral contusion and laceration Petechial hemorrhages and



2 ) HEAD INJURIES

Lrd

the bramn differs somewhat In geneial, the edema 1s much
greater than that produced by other mjuries The track of
the missile contains necrotic and hemorrhaglc bram tissue
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Fic 11 Traumatic laceration of the left frontal lobe

For about a centimeter aiound the track therc 1s marked
edema and hemorrhagic mfiltration In the next zone, numer-
ous ring hemorrhages surround the small blood vessels. The
pathological changes gradually decrease toward the periph-
ery of the tiack.

Lacerated bram 1s at first bright red, due to infiltration
with blood. Later, as the blood and blood pigments are
phagocytosed, the area becomes brownish-red. Fmally, a
scar composed of a fine fibrous meshwork, contammg caleified
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ganghion cells 15 formed—the so-called plaque jaune MNe-
ningocerebral adhesions surround the old lacerntion Lacem
twons which extend into the ventricle form cavities containing

Fie. 12 Healing laceration of frontolemporal region. This patient died of
bfmcho%rmmhthmwwhdtalmmheadmfurv

corebrospinal Buwid These cavitfes are traumatic poren
cephalic cvsts and their lining 15 composed of glial fbnls

Traumatic Cercbral Hemorrhage

Intmeramial hemorrhage sccompanies a large proporhion
of all moderately severe and severs head Injurfes as attested
by the frequency with which blood 1s found In the spinal fluid
when lumbar puncture is performed Subpial and subarach
noid bleeding is part of the pathological picture in all cases of
cerebral contusion and laceration Petechial hemorthages and
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nosed clinlcally they are found in approximately 10 per cent
of all patients who die of head injury

Traumatle Subpial and Subarachnoid Hemorrhages

The cortical vems are thin walled and melastic Their loca
tion in shallow grooves on the surface of the brain makes them
particularly vulnerable to injury They are often torn without
laceration of the brain ftself Subpial hemorrhage is caused
by tearing of cortical vessels When the pia mater tears
subplal blood escapes in the subarachnold space and is
diffused through the cerebrospinal flmd passageways With
the tearing of small cortical vessels, the pin mater remaning
intact many small subpial hemorrbages are formed.

The presence of blood and the products of its disitegra
tion in the cerchral sulci and cisterns increase the osmotic
pressure of the cerebrospmal fluid This impedes the absorp-
tion of the cerebrospmal fluid into the venous svstem In add:
tion there is mechanical Interference with the free flow of
cerebrospinal fluid due to the clogging of the sulci and cfs
terns with red blood cells

Petechial Hemorrhages

Small pinpoint hemorrhages in the white matter (Fig 14)
and in the basal ganglia are found n the brains of most pa
tients who die of head wjury It is probable that they occur in
many of the patients who recover from moderately severe and
severe head injuries These hemorrhages are found i the
perivascular spaces and are often known as ring hemor
thages Cassasa believed thev were due to a sudden over
filling of the perivascular spaces (Virchow Robin spaces)
with cercbrospinal fluld rupturing the vessel wall These
small punctate hemorrhages are followed by coalescent areas
of dem clintzation in the white matter The destructive proc
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ess 15 followed by a marked reaction of the mucroglin and
astrocytes. In the adjacent cortex there 1s often distortion of
the cvtoarchitectonics with dlsmtegratlon and 1schennc

Fic 14 Petechial hemorrhages in the white matter of the bramm of 1« patient
who died a few days after a severe head mjury

i al areas stam
changes in the ganglon cells These cortical arcas st

poorly
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Medullary and Pontine Hemorthages

Traumatic hemorrhages into the pons and medulla oblon
gote occur in about 7 per cent of the patients who die of head
injury They occur most frequently m fractures of the pos
terfor and middle fossae and are often symmetnical The
blood supply of the pons i derived from branches of the
basilar artory which leave the main trunk nt right angles
With stretching of the cercbrum from the bmin stem these
vessels have a tendency to rupture The symmetry of the
lesions is explained by the fact that the blood supply to the
pons and the medulla oblongata 15 symmetrical and that the
energy reaching the brain stem which fs at a relatively remote
distance from the pont of impact, is distributed tn such a
manner that svmmetrical branches are equally affected



Chapter IV

METHODS OF EXAMINATION

A patient who has suffered a head mjury, when first seen,
1s often comatose or uncooperative The value of an accurate
history 1s self-evident, though often unobtamable since many
patients are brought to the hospital followmg street aceidents
In such cases rehable witnesses or accurate mformation are
often unavailable When a lustory cannot be obtamed, but
there 1s external evidence of an mjury to the head, the con-
dition should be considered as due to trauma until proved
otherwise

If obtamable, data concerning the age, sev, race and occu-
pation of the patient should be recorded on the chart. The
type of accident and the time when 1t occuired should be
learned if possible Also details of past 1illnesses, particu-
larly heart disease, convulsive seizwes, diabetes, hyperten-
sion, drug or alcohol addiction, which may have caused the
patient to fall and suffer a head mjury

The first medical observer should make a rapid appraisal
of the condition of the patient and note hus findings caicfully.
The state of consciousness, color, pulse rate, temperature
and blood pressure are most important The escape of blaod,
spwnal flurd or bram tissue from the onfices, and the presence
of mjunes of other oigans or of the extremitics must be
looked for The odor of the breath may aid m detecting dia-
betic coma, uremia, or alcoholism

Often, the condition of the patient permits only a brief
neurological examination, yet a careful appraial of the nerv-
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tient may voluntanly complam of a “noise” m the he °
tlus fact may be brought out only by careful question
a stethoscope 1s placed m the frontal or temporal reg
swishing bruit 1s heard, which can be obliterated by con
sion of the carotid artery on that side

There 1s often some tenderness on percussion over g
ture of the vault, and defimte dullness on the m)ured

Smell can rarely be tested at the first exammation, su
this time the patient 1s usually erther unconscious, ¢
cooperative When the condition of the patient permits,
should be tested, since the olfactory nerve, tract, or bu
mjured occasionally, with complete loss, or diminuti
smell.

The next mportant procedure 1s an exannation ¢
pupis and the pupillary light 1eflex It is amportant,
fore, that no drug which mnfluences the size or reaction |
pupil should be given. Bilaterally dilated pupils which ¢
react to hght, aie found m patients with very severe
mjuries, and commonly ndicate impending death A
laterally dilated and fixed pupil 1s frequently found o
side of an extradural hemorrhage, and occasionally o
side of a subdural hemorrhage or hematoma Unil
mydriasis also occurs following direct trauma to the ey
with o1 wathout concomitant mtracramal injury Miotie,
pupils are occasionally observed after head mjunes If
dorsahs, or other syphihtic disease of the central ne
system can he elimmated, miotic fixed pupils mdicate i
olr hemorrhage m the midbram Homer’s syndrome (n
enophthalmia and ptosis) mdicates damage to the s
thetic pathways, erither m the hram stem orn the neck.,

The mmediate exammation of the visual system in pa
with acute head mjures 1s usually hmted to testing the
lary reactions and observation of the fundi The pat
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condition most often precludes the detenmmation of the visual
aculty and visual flelds though both should be done before
the patient s discharge

Far the fundus examinahon a mydriatc should not be
employed sloce any interference with pupillary reactions
may ohscure important diagnostic data.

The margins of the optic discs are normally well defined,
though a slight blurring of the nasal margins 1s with phys
iological limits Swelling of the disc is rarely observed early
in acute head injuries though the retinal vessels are fre-
quently congested Hemorrhages tears and detuachment of
the retina may occur when the head injury is associated with
direct trauma to the eyeball Patlents with subdural hema
tomas may have slight swelling of the optic discs though m
a few cases marked swelling has been noted.

Paralymis of the extraocular muscles {s often overlooked in
tho early stage of an acute head mjury especinlly during the
period of unconsciousness and poor cooperation. Complete
paralysis of the oculomotor or abducens nerves is observed
infrequently The abducens because of its long course along
the base of the skull is the more vulnerable of the two
Oculomotor palsy 1s observed occasionally m patents with
middle meningeal hemorrhage Shight degrees of diplopia are
best elicited with a red glass

Disturbances of fusion convergence and accommedation
are frequently seen after head infurles and are most often
discorered during convalescence when the patient attempts
to read The mechanism controlling conjugate movements
of tho eves (laternl upward and downward gnze) is an
intricate one Cerebral centers controlling conjugato eve
movements are located in the second and third frontal con
volutions and also in the parietal region An irritative lesion
produces forced deviation of the eves to the opposite side
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tient may voluntarilv complam of a “nowse” in the head, or
this fact may be brought out only by careful questionmg. If
a stethoscope 1s placed m the frontal or temporal region a
swishing brut 1s heard, which can be obliterated by compres-
sion of the carotid artery on that side

There 15 often some tenderness on percussion over a frac-
ture of the vault, and defimte dullness on the mjured side.

Smell can raiely be tested at the first exammation, smee at
this time the patient 1s usually cither unconscious, or un-
cooperative When the condition of the patient pernuts, smell
should be tested, since the olfactory nerve, tract, or bulb are
mjured occasionally, with complete loss, or dimmution of
smell

The next important proceduie 1s an exammation of the
pupils and the pupillary hight reflex It 1s important, there-
fore, that no drug wlnch mfluences the size or reaction of the
pupil should be given Bilaterally dilated pupils which do not
react to hight, are found m patients with very severe head
mjuries, and commonly mdicate impending death A um-
laterally dilated and fixed pupil 1s frequently found on the
side of an etradural hemorrhage, and occasionally on the
side of a subdural hemorrhage or hematoma Unilateral
mydriasis also occurs followmg direct trauma to the eyeball,
with or without concomitant tracranal mjury. Miotic, fived
pupils are occasionally observed after head mjuries 1 tabes
dorsalis, or other syphilitic disease of the central nernous
svstem can be elmmated, miotic fised pupils mdicate injury
or hemorrhage 1 the midbram Horner's syndiome (mioss,
cnophthalmia and ptosis) mdicates damage to the sympa-
thetic pathways, either i the bram stem or m the neck -

The immediate exammation of the visual system in patients
with acute head mjuries 15 usually hmited to testing the pllpl!~
Jarv reactions and observation of the fundi The patients
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condition most often precludes the determmation of the visual
sculty and visual fields, though both should be done hefore
the patient s discharge

For the fundus examination a mydratic should not be
employed since any interference with pupillary reactions
may obscure important diagnostic data

The margins of the optlc discs are normally well defined
though a slight blurring of the nasal margws is withm phys
{ological limits Swelling of the disc 1s rarely chserved early
in ncute head injuries though the retinal vessels are fre-
quently congested Hemorrthages tears and detachment of
the reting may oecur when the head injury is associated with
direct trauma to the eyeball Patents with subdural hema
tomas may have slight swelling of the optic discs though m
a few cases marked swelling has been noted.

Paralysis of the extraocular muscles is often overlooked in
the early stage of an acute head injury especually during the
period of unconsciousness and poor cooperation Complete
paralysis of the oculomotor or abducens nerves is observed
infrequently The abducens, beeause of its long course along
the base of the skull, 1s the more vulnerable of the two
Oculomotor palsy 13 observed occasfonally in patients with
middle meningeal hemorthage Slight degrees of diplopsa are
best clicited with a red glass

Disturbances of fusion convergence and accommodation
are frequently scen after head injuries and are most often
discovered during convalescence when the patient attempts
to read. The mechanism controlling conjugate movements
of the eves (laternl, upward and downward gaze) is an
intricate one Cerebral centers controlling conugate eye
movements are located in the second and third frontal con
volutions, and also in the panetal region An irritative lesion
produces forced deviation of the eves to the opposite side
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whereas with a destructive lesion there 1s paalysis of con-
Jugate movements to the opposite side. This can often he of
value m determmmg whether a traumatie lesion of the bram
15 mtracerebal or extracerebral. Assuming that most cstra-
cerebral lesions (such as subdural and extradural clots o
flmd collections) aie irritatn e, these conditions would show
forced deviation of the eyes toward the side of the hemn-
plegia With an mtracerebral (supposedly destiuctive) Jesion
the patient would be unable to look toward the hemiplegic
side, and there might even be transient deviation of the eyes
toward the side of the lesion

Traumatic lesions of the midbram may also be associated
with disturbances of conjugate movements of the cyes \With
a lesion n this location, however, there are pupillary changes.
nuclear ocular palsies, and bilateral pyramidal tract signs

The trigemmal nerve is not often mvolved m head mjuries
Disturbances m sensation of the face, corneal 1cflenes, and
motor power of the jaw are easily tested It should be 1emem-
bered that m a motor trigemmal weakness, the jaw desviates
to the side of the lesion due to the action of the opposite
mtact pterygord muscles

Unilateral peripheral facial paralysis s a fiequent cemphiea-
tion of head mjuries In most cases 1t comes on twenty-four
to seventy-two hows after the accident, and is due to bleedmng
or edema around the sheath of the nerve m the facial canal
Taste of the anterior two-thirds of the tongue 1s affected, since
the nerve 1s usually mjured prouimal to the pomt where the
chorda tympani leaves 1t to jom the lingual branch of the
mandibular nerve

The auditory nerve 1s also frequently mvolyved, espeerally
mn basal fractures which traverse the petrous bone. In some
cases bilateral nerve deafness follows basal shull fractures
The hearmg defect at first may be of a combmed conduction
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and nerve type, since there is often bleeding iato the middle
car and rupture of the tympanic membrane

Hearing 1s most conventently tested by noting the distance
from either car at which the patient is able to detect the tick
of an ordinary pochet watch The difference between afr con
duction and bome conduction may be compared by first
placing the handle of a C-256 tuning forh on the mustoid
process until the patient can no longer hear the sound The
tuning forl. is then placed with its branches close to the
auricle Normally air conduction exceeds bone conduction
If any heaning defect exists, when the patient is convalescent
more careful tests should be made using the audiometer

The vestibular nerve and labyrinth are often injured in
basal skull fractures Diziness on changing position, and
spontancous nystagmus indicate a lesion of the labyrinth
vestibular nerve or its pathways Nystagmus is designated by
its quick component and is further clussified as to direction—
lhorizontal rotatory or upward Rhythmical nystagmus (in
which the oscillations are of equal speed and amplitude) is
often congenital

When any injury to the vestibular nerve is suspected
calorie tests should be made before the patient is discharged.
A simple method is to irrigate the external canal with cold
water after examining it to make sure that the water reaches
the drum The suspected abnormal ear should be tested
fist Normalh the reaction begins in about thirty seconds
and consists of nystagmus awa) from the imgated ear, dizzi
ness falling and past pointing toward the side of the i
tated ear This reaction lasts about two minutes Caloric tests
should not be done f the tvmpanic membrone has a per
foration

The ninth tenth elesenth and twelfth cranfal ner ex are
rarely injured in trauma to the head The position of the



12 HEAD INJURIES

whereas with a destiuctive lesion there 15 paralvsis of con-
jugate movements to the opposite side This can often be of
value m determinmg whether a traumatic leston of the hram
15 intracerebral or extracerebral Assumimg that most extra-
cerebial Jesions (such as subdural and extradural clots or
fld collections) are wrritative, these conditions would show
forced deviation of the eyes toward the side of the hemi-
plegia With an mtracerebial (supposedly destructive) lesion
the patient would be unable to look toward the hemiplegic
side, and there might even be transient deviation of the eves
toward the side of the lesion

Traumatic lesions of the nmdbiain may also bhe associated
with distmbances of conjugate movements of the eves With
a lesion m tlus location, however, there are pupillary changes,
nuclear ocular palsies, and bilateral pyramidal tract signs

The tiigemmal nerve 1s not often mvolved m head mjunes
Disturbances 1n sensation of the face, corneal 1eflexes, and
motor power of the jaw aic easily tested Tt should be remem-
bered that m a motor trigemmal weakness, the jaw deviates
to the side of the lesion due to the action of the opposite
mtact pterygord muscles

Umilateral peripheral facial paralyss is a frequent camphica-
tion of head mjuries In most cases it comes on twenty-four
to seventy-two hours after the accident, and 1 due to bleeding
or edema around the sheath of the nerve m the facial canal.
Taste of the anterior two-thirds of the tongue is aflected, since
the nerve 15 usually myured proumal to the pomt where the
chorda tvmpani leaves it to jom the lingual branch of the
mandibular nerve

The auditory neive 1s also frequently involved espeaally
in basal fractures which traverse the petrous bone In some
cascs bilateral nerve deafness follows basal <hull fractures
The hearng defect at first may be of a combmed conduction
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palate at rest and phonation, gag 1efley, swallowing, and
cough reflex should be noted The power of the trapezius and
sternocleidomastoid muscles, and the position of the tongue
when protruded complete the examination of the ciamal
nerves

The extremities should be exammed as to position, deform-
ties, motor power, tremors o1 other mvoluntary movements
In hemiparesis the lower extremity 1s held m a position of
eversion, but m an unconscious patient this must be differ-
entiated from a fractwe of the neck of the femur The deep
reflexes are often absent immediately after a severe head
mjury. They usually return when the patient has recovered
from shock Hyperactive deep reflexes aie fiequently found
n severe head mnjuries, and probably arse from edema or
bleeding around the bram stem A bilateral Babmshi sign
may be present for the fist few days after a severe head
mjury As a1ule, the plantai 1esponse returns to normal within
a few days in a patient who recovers A Babmsht sign ma)
occasionally persist on one side for several weeks with ven
Ittle motor weakness An mjury of the spmal cord may not
be discovered for seveial days when there 15 an associated
head injury. Retention of uime and bilateral abnormal plantar
responses should lead one to suspect damage to the spmal
cord, even in a patient who remams comatose for several
days

'Wcal\neqs of hoth lower extremities with a deprcesed frac-
ture of the conventy of the skull results from occlusion of the
superior longitudmal smus and mterference with venous
return from both henispheres

Sensory examination 1s, of course, mipossible in a coma-
tose patient. Injured persons who are stuporous or drowsy
respond to pamnful stimuly, and 1t 1 important m such cases
to determine by their reaction to pamful stumuls whether
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there is any alteration in their sensory status When the pa
tent is able to cooperate a careful sensory status should be
recorded.

Evidence of meningeal wuritation should be looked for
Nech rgidity and hemnigs sign when postive following a
head injury usually indicate the presence of blood m the
cerebrospinal flid When these signs appear efter a lapse of
forty-eight hours or more meningitis must be ruled out

LABORATORY AIDS

When a patient 1s comatose and there are no available data,
laboratory aid may be needed to armve at a correct diag
nosis Diabetic coma is nearly always easily recognized. The
urmne should be examined as soon as possible, obtaining a
specimen by catheter if necessary Blood chemistry and
serological tests should be made routinely in every case of
head injury Uremia is usually easily recognized by the
uriniferous odor of the breath high blood pressure urine and
blood chemistry findings

Menmgitis and encephahts can be ruled out by a lumbar
puncture The place of lumbar puncture n the diagnosis and
treatment of head injurles will be discussed more fully in a
later chapter It should be done early only when doubt exists
as to the presence of a head injury The indications are coma
without available history stiff neck, or fever In most hend
injurles severe enough to produce lasting coma, blood is
found in the spinal fluid All the specimens are equally col
ored, and when the cerebrospinal fluid is examined freshly
many of the cells will be found to be crenated. The pressure
of the cerebrospinal fluid should always be measured, prefer
ably with a water manometer 1f high the pressure must not
be reduced too rapidly and the final pressure must not be
reduced more than one-half of the initial one
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In memmngitis the cerebrospinal fhud is turbid or clouds
and contains many polymorphonuclear cells Protem 1s in-
creased and sugar 1s absent A smear and culture disclose
organmisms In encephalitis the fluid mav be clear, or shghtlv
cloudy The cell count may be normal. or as manm as 200 lo
1000 cells, mostly lymphocytes, may be found Sugar 1s pres-
ent, and may be mcreased aboy e normal. Tuberculous memn-
gitis m an adult may baflle the exammer for some time. In
this condition, the cerebrospmal fld 15 cloudy, sugar 1
reduced, the chlorides greatly dimimshed and the tnpto-
phane and Levinson tests are positive

A moderate leucocytosis usually follows a head injurv. If
the patient presents signs of severe secondary anenma due to
bleeding from an extensive scalp Jaceration, Ins blood shonld
be typed for transfusion. Thus 15 especally important of any
operative procedure 1s contemplated

X~-RAY LEXAMINATION

X-ray examination of the shull should be delayed until the
condition of the patient pernuts Films taken with a portable
apparatus, and those taken in uncooperative mdniduals are
usnally valueless, and the results of an \-rav exammation do
not often alter the method of treatment decided upon after
careful climical exammation and observation. Roentgenog-
raphy of the skull is an urgent procedure only f a compound
or depressed skull fracture requiring immediate surgeal -
tervention 1s thought to be present. When an extradural
hemorrhage 15 suspected, s-ray evidence of a fracture crossing
the channels for the mddie meningeal vessels is of dingnos-
tic importance Needless to sayv, patients with severe head
injurics and m shock require immednte care, The serav
esamination 1 of sccondar}' mportance, and in many Giases
may wisels be delayed for se eral days However, no patient
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Smiple depressed skull fractures (Tigs 16. 17,18, 19) are
not alway s revealed m {lat films. but may recquire sterenscopie
views for their demonstration. Manv errors are made clini-

-

Fic 15 Linear sholl fracture

cally even by the C\pcrien(:(‘d Effused blood wnder the p(-nm}
tcm'n fecls at the periphery like a g(-ntl('. slopimg, thich mmu.u
with a sharp edge, while the center of the blood-cokedd tis-



Fc. 16, Depressod skull fracture.

Fro. 17 Comminuted, slightly skull frecture. This patlent was
struck over the with a hammer

9
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sues stmulates a depression n the shull. When a depression
does ewst, 1t 1s nearly alwavs more extensne than an serm
film would lead one to believe,

Tie 18 stensive depressed shull frcture

An eatensive depression of the skull may be present wflh-
out evident external wound, especially m nfancy and child-
hoad, when the scalp is thin and clastic, and when htﬂf or I.:f)
hemorrhage oceus into the sealp and penosteam (Tigs. 20
and 21).

Fractuies of the base of the shall (Ig 22} are aot always
casily demonstrated i s-ray hlns They should be susprcted



Fio. 19 Depressed skull fracture on left erior etal on. T
patient had a rght htrnlplcgl;m:nd A i
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e 20. X—m{ film of <kull showmg depressed fragment of bone o d
m at nght angles There was no evident’ external wound until the sealp
was shaved, when a small brure was discosered

Tic 21, Postoperatine s-ray of the sime case shown fn Fagare 20 T
deprosed hone fragment wis wsed to Bl in the defect Inospits o an
mtact scalp the dora and bran swere biecrsted Note the siborr chpr nad
in controlling hemorrhage from the troaedizesd oo,
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when subeutancous effusion of blood oppears in o few hours,
or even a few days following the trauma Effusions i the
region of the orbit signify a basal fracture of the frontal fossa

Fro. 22 Baw! skoll fracture extending fnto the l‘onmen o
taken in the “Towne™ or cerchellar position megnen Fikm

while effusions over the mastold tip (Battles ngn) indicate a
fracture of the middle ot posterior fossa.



TFic 20 X-r:?' film of shull showmng depressed fragment of bone turned
m at nght :mlg1 es There was no evident external wound until the scalp
was shaved, when a small brumse was discovered

on ¥

-5 )
e

Fic 21 Postoperative v-ray of the same case shown i Figure 20 T le
depressed bone fragment was used to fill m the defect In spite af ‘f';
mtact scalp the dura and brain were Jacerated Note the sihver dips usec
m controlling hemorrhage from the traumatized area
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when subcutaneous effusion of blood appears m a few hours
or even a few days following the trauma Effusions in the

region of the orbit signify a basal fracture of the frontal fossa

Fro. 22, Bowl skull fracture extending int ﬂ)efmnrnnugn
mlmlnlho—ram'u%cﬂ:bc\hrpodﬂm un Fll
while effusions over the mastoid tip (Battle s sign) indicate a

fracture of the middle or posterior fossa
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Fractures of the base have a predilection for certam areas,
such as those contamnmg foramina or nerve canals where the
anatomical structure 1s weak Fractures often traverse the

Fic 23 Pmeal gland displaced to the nght by left-sided subdural hematoma

cribriform plate which 1s perforated by the many ﬁlamentslof
the olfactory nerve The petrous bone 1s weakened by ll(;
three chambers of the auditory apparatus, and the canals o
the seventh and eighth nerves, and 1s also subject to frequent

fracture
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The pincal gland 1s caleified in about 60 pes cent of adult
skulls Tt is normally in the midline and occupies a definite
poshion in relation to the anteropostetior and vertical diam

Fic. 24 Backward and downward displacement of the pineal gland in
frontal subdnral hemator,

cters of the shull A shift to the left or tight of the midline
can be casily seen and mdicates a space-containing Jesion
The pineal gland may be displaced by a traumatic subdural
hematoma (Fig 23) To detormine its displacement in the
anteroposterior and 1 ertical diameters of the skull (Fig 24)
its position must be plotted according to the method of Vas
tine and hirney

Prneumo-encephalographs and yentriculogrphy are val
uable adfuncts to the dingnosis of traumatic intracranial le-
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sions Encephalography is of especial aid mn the studv of
post-traumatic states, while ventriculography 1s sometimes
employed to localize a traumatic subdural hematoma (Fig.

! x !

- Pt Lt e

Fic 25 Ventriculogram showing displacement of the ventneular system to
the left n nght subdural hematoma

95) The techmque of encephalogiaphy and ventriculography
1s desciibed m Chapter XV.



Fro. 260 Opanﬂ\-edefectoflbellmﬂ There It no evidence of regeneratior
of booe after four years.

57



58 HEAD INJURIES

HEALING OF SKULL FRACTURLS

Reports of healing of fractures of the skull as demonstrated
by periodic a-ray exammations taken months and yeas
followimg the fractures are few Vance studied 52 cases In
36 of the patients there was no evidence of the fracture after
two years In children, complete disappearance of a hnear
fracture may occur as early as four and one-half months after
the mjury

Operative defects of the skull and those resulting fiom the
débridement of compound depressed skull fractures show
Iittle or no evidence of regeneration of the bone even afte:
several years (Fig 26) For this 1eason one should always
attempt to replace fragments of bone, wherever possible,
durmg operations for depressed or compound depressed skull
fractures



Chapter V
CLASSIFICATION OF HEAD INJURIES

A matisfactory classification of head injunies presents many
difficulties from clinical, pathological and statistical view
points The terms “concussion” end “skull fracture,” though
widely used by medical legal journalistic and lay individuals
have done much to confuse and retard the understanding of
head infuries “Concussion” becomes meanmgless when ap-
plied’ulﬂ\e as it often is, to the patent who has suffered a
mild blow with temporary loss of consclousness and to the
one who has had a severe brain injury with coma or delirium
persisting for several days The term “skull fracture™ is also
often employed to deslgnate any injury to the head even
before there is evidence to show that there has really been
a dissolution of contnuity of the skull. Recently the terms
“traumatic stupor” and “traumatic delirium™ have been sug
gested to supplant the term “concussion ™ They merely de-
scribe the mental state of the patient, but disregard the
seventy of the jury the probable prognosis and the pathol
ogy A clussification of head injuries based on etology is of
limited value While similar accidents may produce injuries
of a similar or related type, thev are just as likely to produce
totally disstmilar mjuries A classification on a physfo-patho-
logical basis is desirable but i most cases can indicate only
an approvimation of the alterations m the living patisnt

In actual practice the terms “head injurv™ or “cramocere
bral trauma” have proved most useful These terms are inclu
sive—they indicate that the scalp cranium and intracranal

=
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contents have been damaged, without focusing attention on
nonessential details Often, it 1s mnpossible to determine the
degree of mjury until the patient has been observed for sev-
eral hours The following classification 15 suggested

Mild head mjury Loss of consciousness of not more than
10 minutes Mmimal or no abnormal neurological signs, little
or no shock, and no abnormal findings m the x-ray film,

Moderate head mjury Period of unconsciousness lasting
more than 10 minutes, positive neurological findmgs, positive
x-1ay findings and moderate shock The presence of any
one of these 1s sufficient for a diagnosis of moderate head
1njury

Severe head injury Period of unconsciousness of an hour
o1 more followed by delirum or clouding of sensorium lasting
from several hours to several days, neuiological abnormah-
ties, x-ray or chmcal evidence of fracture of the skull, moder-
ate to severe shock

Extiemely severe head mjury Deep coma, severe shock,
extensive newological abnormalities, x-1ay or chmcal evi-
dence of fracture of the skull In this group, death often occurs
within the first twelve to twenty-fous hours

The diagnosis of head mjury should, then, be amplfied as
adequately as the facts at our command permut If laceration
or hematoma of the scalp ests, or mtracramal bleeding 15
demonstrated, the diagnosis should meclude a statement to
this effect For eaample, a complete diagnosis would be
Moderate head mjury, with hematoma of left parictal regon,
fracture of left panetal region extendmg mto base, probable
contusion of left paretal lobe, and traumatic subarachnoid
hemorrhage Such a diagnosis gives an adequate deseription
of the entire picture and 15 most useful from both therapeutic
and prognostic viewpomts



CLASSIFICATION OF HEAD INJURIES 61

INCIDEANCE AND ETIOLOGY OF HEAD INJURIES

Head fojurdcs have increased greatly in recent years This
increasc has been largely due to the widespread use of the
automoblle since hazardous industries are rigrdly inspected
and safeguards are mandatory

In 1838 there were 864 800 automobile accidents resulting
in death ond injury 36,800 were Lilled, and 967,840 injured
In 1837 40300 deaths and 1,220 000 injuries resulted from
autormobile accidents About 50 per cent of all persons Lilled
in automobile accidents died of head injuries Maoy more
recelved severe head injures resulting in permanent dis
ability Falls, assaults accidents at work at home, and a
play swell the total of head injuries to a tremendous number

The following tabulation of the types of accidents result
ing in head injuries Is token from a study of 444 cases ob

served in the Morrisania City Hospital, New York, during
1935 and 1938

TABLY T
Tyres or Accioewts Reeuttiva v Hean Injumm

A amber Pa

Tope of dervdent =f Caces Ca
Prdestrian struck by automobile 124 28
Callton of mitomolites 3 B
Himple [all 25 19
Fail from buflding or cther high place 74 16
1lt 45 10
Struck by (alliny oljecr 28 6
‘Mororeyric 9 2
1 atl durieg convulsdve seizure 3 o
Attempted nuicide by lenplng from roofl s 1
Bleyete t °
Rirwek by traln 3 °
Nat Lpown 1 G

It is important to leam if possible the way in which 1,
head injun occurred If the accident was of sufficient sevor
ity the injuny must be considered severe until proved othe)
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wise by careful observation, prefeiably m a hospital Head
mjuries are often considered “mmor,” and the patient 1s sent
home after the suturing of a scalp laceration or a brief e\
amination, only to develop serious symptoms a few hours or
days later A case m pomt 1s the following

Case 1 A white male, 54 years old, a chef by occupation, was
thrown to the pavement when hit by an automobile. He was
dazed for an instant, but was soon able to get up by hmsell,
and was permitted to go to lus home by an ambulance surgeon
who saw him soon after the accident An hour later he began
to vomit and shortly thereafter he became confused and weakness
developed m his left lower extremity A few hours later he be-
came stuporous A physician who visited the patient at s home
diagnosed “concussion of the brain” and prescribed rest m bed
and an ice cap to the head The next morming the patient was
deeply comatose and he was removed to the hospital

Exammation revealed a patient who was deeply stuporous
The pulse rate was 96, blood pressure 150/130 The pupils were
equal and reacted to hght. All extremities were spastic, the left
more than the right The Babmsk: sign was present on both sides
A diagnosis of night extradural hemorrhage was made and the
patient operated upon mmediately A large eatradural clot re-
sulting fiom a tear of the middle meningeal artery was found and
removed The patient subsequently made a complete recovery

In every case of head mjury m which theie has been any
distmbance m the state of consciousness, or m which the
provoking accident was competent to produce a seitous imn-
jury, the patient should be hospitalized, and carefully stuched
m order to rule out any damage to the bram, its vessels, or
membranes

The mitial disturbance m the state of consciousness may
vary from a momentary period of confusion to deep coma
lasting for many hours, days, o1 even weeks In mld head
mjuries the patient may be dazed and confused for a short
period, then rapidly regam full awareness of his surroumdmgs
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wise by careful observation, preferably m a hospital Head
mjuries are often considered “mmor,” and the patient is sent
home after the suturing of a scalp laceration or a brief ex-
anunation, only to develop serious symptoms a few hours or
days later A case n pomt 1s the following

Case 1 A white male, 54 years old, a chef by occupation, was
thrown to the pavement when Int by an automobile He was
dazed for an mstant, but was soon able to get up by himself,
and was permitted to go to Ins home by an ambulance surgeon
who saw him soon after the aceident An hour later he began
to vomat and shortly thereafter he became confused and weakness
developed m his left lower extremity A few hours later he be-
came stuporous A physician who visited the patient at Ins home
diagnosed “concussion of the bramn” and presciibed rest in bed
and an 1ce cap to the head The next morning the patient was
deeply comatose and he was removed to the hospital

Examination revealed a patient who was deeply stuporous
The pulse rate was 96, blood pressure 150/130 The pupils were
equal and reacted to hight All extremities were spastic, the left
more than the right The Babmsk: sign was present on both sides
A diagnosis of nght extradural hemonhage was made and the
patient operated upon immediately A laige extradwmal clot re-
sulting from a tear of the middle meningeal artery was found and
removed The patient subsequently made a complete recovery.

3

In every case of head mjury m which there has been any
disturbance 1n the state of consciousness, or m which the
provoking accident was competent to produce a serious -
jury, the patient should be hospitalized, and carefully stucied
m order to rule out any damage to the bram, 1ts vessels, or
membranes

The mmtial disturbance m the state of consciousness may
vary from a momentary period of confusion to decp coma
lastmg for many hours, days, or even weeks In mild head
mjuries the patient may be dazed and confused for a s'lmr(
period, then rapidly 1egam full awareness of his surroundings
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end injuries are complicated by other conditions

"such as alcoholism epilepsy or metabollc disorders and it Is

difficult to determine which factor is playing the greatest

rtle in the production of the altered state of consciousness

Until proved otherwise, the head injury must bo charged

with the major proportion of the symptoms and proper treat
ment and observation mstituted

Mild Head Injuries (Concussion)

There is no agreement concerning the cause of the mital
lass of cousciousness in mild head injuries The rapid restora
tion to normal within a short period of time would seem to
preclude anv structurnl change such as contusion edema
petechial hemorthages or increased intracranial pressure
Some observers believe that an mjpun to the head results in
a mechanical “shaking up” of the brain with a moleculor
disruption of the ganglion cells (commotio cerebri), but no
convincing proof has been advanced to substantiate this
theory The rapid recovery from unconsciousness suggests
the operation of a quickls reversible reaction such as a tem
porary paralysis or depression of the vasomotor center with
cercbral anemin or stasts The demonstration of vasomotor
nerves in the cerebral vessels makes such v theory tenablo

The prolonged comn of sey ere hend njurdes is due to actual
anatomlenl changes tn the braln—contusion hemorrhage and
lacerntion In many patients wlo remain comatose for long
prriods the intracranial pressure, as mensured by spinal punc-
ture and by observation of the optic discs remains withu
normal limits T @ space contatnmg Jesion such o3 an epidural
hemorthage subdural hemorrhage or abscess develops, the
pressure may rise Zierold studied the spmal finid pressure in
128 patients with head Injunes wlio were unconscious for



04 HEAD INJURIES

one hour or longer, m only 21 of them was the pressuie 180
mm o1 more

In a carefully studied series of 444 patients with acute head
mjuries, spinal punctures weie done m 71 m whom petsistent
headache, neck ngidity, or elevation of temperature was
present The cerebrospinal flmd pressure was above 200 mm.
of water m only 18

Shock associated with head mjuries, unless accompanied
by other serious injuries, 1s usuallv not severe In mild head
injuries, unconsciousness lasts only a few mmutes, and theie
are no marked changes m the pulse, blood pressure, respira-
tion, or temperatwe As the patient returns to consciousness
he may at first appear somewhat bewildeied, but soon 1egaims
complete awareness of lus surroundmgs, though he may have
complete amnesia for the accident and the events immed:-
ately precedmg 1t Headache may be present, and pam and
tenderness experienced at the site of impact It 15 unusual to
find any alteration 1n the neurological status m such cases. In
alcoholic or senile mdividuals, a mild head mjury may pre-
cipitate a marked alteration 1 the mental status the alco-
holic addict may become wildly dehrious, and most difficult to
manage, the semle person who has suffered a muld head
injury becomes confused, restless, mmtable, and may have
a muttermg delirrum

In most cases of mild head mjury theie 1s a tendency for
the acute symptoms to clear up spontancously If any wun-
toward delayv occurs 1 recovery 1t 1s evidence of damage to
the bramn, o1 of extracerebral hemorrhage

Moderate and Severe Head Injunes

In head mjuics of greater magnitude than “nuld” there is
actual anatomical damage to the bram, and the disturbance
i consciousncss commonly lasts for an homr ar mare, de-
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pending on the degree of injury, and on the general condi
tion of tho paticnt (age, influence of drugs or alcohol
complicating injuries or disease) In these patients there is
usually some evidence of shock the shin is molst and cold,
respiration shallow pulse mpid, blood pressure low and the
tempernture at first subnormal. The neurological examination
usually reveals nbnormalities It is impossible to determine
the gravity of a head Injury from a single sign or symptom
The state of consclousness however pulse rate, blood pres
sure temperature respirtion, condition of the pupils neuro-
logical signs, and < my examination of the skull all vield im
portant diagnastic Information

The disturbance of consciousness following a major head
injury may be profound. Deep comn lasting for many hours
is usually indientrve of extensive contusion and laceration of
the brain When this persists for sevoral hours without any
sign of motor activity the outlook is almost always hopeless
In more favorable cases, stimulation of the patient produces
some sign of motor activity, and he may become vens restless
when disturbed for examination or therapy Followmg 2
period of deep coma a stupor from which the patient can be
aroused may persist for several hours or days In this state
the patient can be made to answer questions and take nour
fshment The return of complete awareness is grdual and
may take two to three weeks or longer In this mterval con
fusion and delirium are frequent complications. The de
lidum may be mild and easth controlled, though often it is
severe, and accompanied by marked restlessness excitement
and impulsive acts

The pulse rate following an injury to the head must be
viewed in cosrelation with other information Alone it is not
of great value While the patient is still in shocl. the pulse ma
be rapid and Irregular As recoven from shock occurs the
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pulse becomes full and slower Duning convalescence, it 1
not unusual for the pulse rate to drop to sntv or less, without
other symptoms. Nevertheless, every patent with a slow
pulse deserves close observation and frequent ¢y eground
exammations, especially if headache 15 present Slowmg of
the pulse with deepening stupor is frequently found m pa-
tients with extradural or subdural bleeding, even without
other evidence of compiession of the bram

In ammal experiments (Cushing, Malone, and otheis),
when the mtracramal pressure 1s raised rapidly the pulse
slows and the blood pressure rises as Jong as the medullary
centers are able to compensate When compensation breaks
the blood presswe falls, the pulse becomes rapid and irreg-
ular, and the respirations rapid Malone found that in animals
compensation occurred as long as the pupils reacted to light
When they failed to do so, medullary compensation to in-
acased mtracramal pressure was absent

Chinically, marked changes in blood pressme do not often
occur following mjurnes to the head While the patient 15 m
shock, the blood pressure 1s low. Progressive elevation of the
blood pressure is seldom found except m some cases of
middle meningeal hemorrhage, and even m these 1t 1s not a
constant finding

The differences between the findings m experiments on
amimals, where the four stages of compensation to mereased
intracramal pressure can be regularly demonstrated, and in
patients with bram trauma, do not mvahdate the cypen-
mental data Following bram trauma the medullary centers
are often depressed or damaged so that they are unable to
respond, and 1t 1s rare to have marked and rapid clevation of
mtracramal pressure If the medullary centers are able to
respond, and if the mntracramal pressure rises rapidly we
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find {n paticnts the same changes that are regularly produced
in the Iaboratory ammals

Immediately following & head injury the temperature may
be normal, and even subnormal, depending on the severity
of the assomated shoch. As recovery from shock tales place
the temporature returns to normal unless extenswe cerebral
damage is present In the absence of complicating factors
elevation of tempernture 15 a fuurly rehable index of the
degree of brain contusion and laceration Rapid elevation of
the rectal temperature to 104° F., or higher is rarely present
n patients who recover, though exceptions to this dictum are
oceasionally seen The febnle reaction seems to be a response
to genernl brain injury and is of no localizing value slthough
hemorrhage fato the ventricles or around the medulla oblon
gatn Is usually accompanied by marked disturbances of tem
perature regulation

Alterations m respiratory rate and rhythm sigoify severe
cerebral injury Dunng the shock period respiration is shallow
and weak. When conditions are favorable normal rate and
thythm Is soon restored. Deep stertorous breathing accom
panfes compression of the bruin due either to an extradural
or subdural hemarrhage If compression is not relieved, ir
regular respiration of the Cheyne-Stokes type supervenes
and may continue for several hours before death takes place
When this stage begins, recorery is rare even after compres
sion has been relieved

Information gained by an exarmmation of the eves is often
difficult to interpret In mild head mnjuries pupillary, and
ocular abnormalities are ordinardly absent unless there has
been direct trauma to the eye or orbit It is important to dif
ferenhate a traumatic mvdrians from the dilated pupi! found
in Intracranial leslons This, as a rule presents no difficulties
unless there is a coexasting ses ere intracranial injury When
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the dilatation of the pupil 15 due to dueet mjuny o the eve
there will be some conjunctival hemorrhage and edema, 1t
should be remembered, also, that a severe blow to the eve may
produce a verv slow pulse in mdniduals who have a senuitnn o
oculocardiac reflex The combination of slow pulse and -
lated pupil followmg an mjmy should make the ohserer
wary, an extradural hemorthage must be 1uled out If the eye
mpmy alone 1s responsible for the slow pulse and dilated pupil
no other neurological abnormalities will be found

Pmpomt pupils followmg head injuies are often duc to
morphine given by the medical attendant who first saw the
patient, although most ambulance suigeons now wisely 1c-
fram fiom admimsteimg moiphme when an intiacramal
trauma 15 suspected (see page 76)

In moderate and seveie head mjuries neaily any type of
pupillary distmbance may occur Certamn changes have heen
quoted frequently by various authois as bemg of diagnostic
significance, and some observeis attach great importance to
them, but changes m the pupils alone should never be the
sole factor mfluencing any method of treatment It is true
that a umlaterally dilated and fixed pupl 1s found more often
on the side of the compressed hemisphere, but the opposite
condition prevails often enough to warrant bilateral eaplora-
tion when a suspected clot is not found on the side of the
large, fixed pupil.

Bilaterally dilated, nonreacting pupils presage an unfavor-
able prognosis as a rule, although a rare exception may occus
The condition of the pupils may change rapidly <o that fre-
quent observation and careful notes must be made m even
case. While eveground cxammations should be made carh
and fiequently, choked discs have rarelv been noted carlier
than the fourth or fifth dav after a head mjurs.

Occasionally, swelling of the dises, m conjunchion with
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headache and a high spinal fluid pressure and without focal
signs s noted during the end of the first week of 2 head m
jury This 15 probably due to a disturbance of ctrebrospmal
flwd absorption or secretion The cerebrospinal fluid balance
can often be restored and regulated by spnal punctures In
deed one spmal puncture may be sufficient to re-establish
a normal state of affairs

Alterations of reflexes and motor power are commonly
found after head injuries With shock, all the tendon reflexes
are greatly depressed or absent and the extrenuties flaceid
As recovery from shock takes place the deep reflexes slowly
return, so that at the end of twelve or twenty four hours they
are normal or even hvperactive In severe head injuries
especinlly In cases of basal skull fmcture as recovery from
shock occurs the extremities mav become spastic and the
reflexes hypernctive with abnormal plantar responses Per
sistent inequality of the reflexes is assomated with a lesion m
or near the motor aren This may be accompanied by a
marked weakness of the contrnlateral side As a rule the
paralysis clears up though the reflex changes may persist for
a long time When neurologieal abnormalities are found there
has always been some contusion and perhaps Jaceration of
the brain When the injury results from 2 direct blow by a
Dblunt obfect the focal signs such s hemiplegia aphasia or
hemianopsia may be more prominent than genernl signs of
mjun whereas with a diffuse blow such as 1s suffered from
a fall from a height or an automobile accident the focal signs
are often mashed by the evidence of widespread damage to
the bram

Convulsive seizures are not a very frequent complication
during the first fow days following a head injury They
occurred during the first twenty four hours in only 6 of 444
patients with acute head injuries Thes may be focal (Jack
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somian) o1 generahzed. When serzures oceur they often tend
to dominate the scene so that other important data may not
be given proper weight Seizures occurring early (within the
first few hours) are most often due to imtation of the motor
cortex by subpal or mtracortical hemorthage or by a de-
pressed bone fragment

Incontmence or marked restlessness, which persists after
the patient has regamed consciousness, is an indication of
frontal lobe mjury Glycosurna, in the absence of diabetes
and before glucose has been given intravenoush for thera-
peutic purposes, pomts to hypothalamic damage



Chapter VI

PRINCIPLES GUIDING THE TREATMENT
OF HEAD INJURIES

The fundamental principles in the treatment of head injury
include Test, quiet sufficient nourishment sdequate fuid
mineral and vitamin intake, attention to the bowels bladder
and skin, combined with careful and skillful observation to
deteet changes requinng alteration in therapy Every paticnt
must be treated as an indisidual and no rules can be formu
lated which are npplicable to all cases In thus, as in all good
medical and surgical pmctice the treatment must be made
to fit the patient, and the therapist must have 1n mind just
what Is expected of any proposed procedure

Mild head injuries require very little active therapy other
than rest and quiet, After a perfod of cbservation of two or
three days the patient mav be permitted to go home but
must be kept in bed for an additional weel. and then allowed
out of bed only if he is symptom free With any head injury
of greater magnitude than mild, 2 mipimum of three wecks
rest fn bed Is prescribed, and this may be prolonged if symp-
toms are present ot the end of three weels 1 possible the
patient who has suffered a major head injury should be hept
in a quiet, darkencd room where his visitors can be restricted
and where all disturbing influences can be eliminated The
best “splint” for an injured brain is absolute rest—both phys
icol and mental Outstde stimuli can be best reduced in 2
quiet darkened roam with careful and understanding nursing
care

When a patient w ho has suffered a major head fnjuny is first

kgt
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brought to the emergeney ward, theie is a tendency to do ton
much. If shock 1s present it should be treated pmmpll\ that
15, as s00n as a preliminary apprassal of the patient’s condition
has been made Fluds are given mtravenoush, combmed
with caffeme sodium benzmte If the patient 15 m <evere
shock an injection of 500 ¢ ¢ or more of 10 per cent glucose
solution 15 advisable, otherwise 250 ¢ ¢ of 25 per cent glucose
solubion may be used ° The latter has a gicater dely drating
effeet, which may be desirable i some cases 1\ Inlc the
patient 15 m shock he should be kept flat m bed, warm and
quet If any lacerations aie present they should he diessed
with a stenle compiession bandage. If other mjuries are
present they should be treated conservatnely (unless there
are urgent mdications for smgical inteivention). Fractures
of the extremmties should not be mampulated, or wounds
sutured, o1 any other disturbing diagnostic or therapeutic
procedmes caried out It is never justifiable to move a pa-
tent or disturh him for x-1ay exammation while shock or
extieme restlessness 1s present When the patient’s condition
has become stabilized 10entgenograms of the skull mav he
made, wounds attended lo, and tetanus antitoxm given af the
nature of the mjury 1equres it—that 1s, mjuries such as open
scalp wounds mcuried m stieet accidents. or any contami-
nated wound Mishaps can be avoided 1f a Iustory regudmg
allergy 15 obtamned fiom the patient or a relative, andaf sensi-
Livity tests are carnied out before the antitonm is ginven

DEHYDRATION

" dehydration m the management of major
an unscttled problem In the minds of
\’cd hypcrtomc glucose solutions in-

« some cases of acute head
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injury marked benefit has resulted On the other hand many
practitioners feel secure in treating a head injury routinely
by dehydration and lumbar puncture However they may
thus overlook o surgical emergency Theoretically hyper
tonic solutions mjected mto a vein should reduce brun vol
ume by abstracting fluids from the tissues, and there 13
abundant laboratory and clnical cvidence that this takes
place with a resultant reduction of intmeramal pressure
The secondary rise in intracranial pressure which occurs in
experimental animals some hours after o single wjection of
hypertonic glucose has also been obsen ed in traumatized w
dividunls and indicates the need of a sy stematic regime when
ever this form of therapy is employed Fay has combined the
intravenous administration of 50 per cent glucoze with rigid
fluld restriction and magnestum sulphate by mouth We can
not subscribe to the marked fiud restriction which Fay ad
vises especially since the studies of Fremont Stmth  Merritt
and Lennox have shown that n normal subjects with active
dwresis the corebrospinal fluld pressure wus not influenced
by the water tnke Indeed drastic dehydraton is often
harmful and we belfeve definitely retards recovery Follow
ing too enthusiastic dehydration fever delirfum and restless
ness man occur In such o patient a lumbar puncture may
show a veny low cerebrospinal fluid pressure in some n
stances no fluid is obtained until the patients head is ele
vated Leriche deseribed cases of hypotension of the cerebro-
spinal flmd following trauma, and we also have scen this
syndromne which clears up rapidly when hypotonic fluds
are given Hxrally by mouth or intry enously n comatose
patients

We have adopted the following policy regarding the use of
hwpertome solutions fn head injurfes

I Ivpertoule glucose 15 given to ever raticnt who is
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brought to the emeigency waid, there 1s a tendener to do too
much If shock 15 present 1t should be tieated pr01'npt1v, that
15, as soon as a prelimmary apprassal of the patient’s condition
has been made Fluds are given mtravenously, combmed
with caffemne sodium benzoate If the patient 15 m severe
shock an mjection of 500 cc o1 moie of 10 per cent glucose
solution 1s advisable, otherwise 250 ¢ ¢ of 25 per cent glucose
solution may be used ° The latter has a greater dehydiating
effect, which may be deswrable m some cases While the
patient 1s i shock he should be kept flat m bed, warm and
quet If any laceiations aie present they should be diessed
with a stenle compression bandage If other mjuues ame
present they should be treated conservatively (unless theie
aie wgent mdications for surgical mtervention) Fiactwes
of the extremities should not be mampulated, oo wounds
sutmmed, o1 any other distmbmng diagnostic or therapeutic
proceduies carried out It 1s never justifiable to move a pa-
tient o1 distmb hum for x-1ay exammation while shock or
extieme 1estlessness 1s present When the patient’s condition
has become stabilized 10entgenograms of the skull may be
made, wounds attended to, and tetanus antitoxm given 1if the
natuie of the mjury 1equires it—that 1s, mjuies such as open
scalp wounds mcuried m street accidents, o1 any contami-
nated wound Mishaps can be avoided if a hustory 1egai dmg
allergy 15 obtamned fiom the patient o1 a relative, and if sensi-
tivity tests are carried out before the antitoxm is given

DEHYDRATION

The question of dehydration m the management of major
head 1njuries 1s still an unsettled problem In the munds of
those who have employed hypeitonic glucose solutions m-
tiavenously theie 1s no doubt that m some cases of acute head

° Quantities arc for the average adnlt
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injury marked benefit has resulted On the other hand, many
pructitioners feel secure in treating a head injury routiely
by dehydration and lumbar puncture However, they may
thus overlook a surgical emergency Theoretically, hyper
tonic solutions injected Into a vein should reduce brain ol
ume by abstracting fluids from the tissues and there is
abundant laboratorv and clinical evidence that this takes
place with o resultant reduction of mtracranial pressure
The secondary rise in intracranial pressure which occurs n
expenmental antmals some hours efter a single injection of
hypertonic glucose has also been observed in traumatized in
dividuals and indicates the need of a systematic regime when
ever this form of therapy 1s employed Fay has combined the
intras enous administration of 50 per cent glucose with rigid
fluid restriction and magnesium sulphate by mouth We can
not subscribe to the marked fluid restriction which Fay ad
vises especialhy since the studies of Fremont Smith Merritt
and Lennox have shown that in normal subjects with active
diuresis the cercbrospinal fluid pressure was not influenced
by the water intake Indeed drmstic dehydration is often
harmful, and we belieye definitely retards recovery Follow
ing too enthusinstic dehvdrution fever delinum and restless-
ness may occur In such a patient 2 lumbar puncture may
show a very low cerebrospinal fluld pressure in some in
stances no flufd is obtained untl the patients head is ele
vated Leriche described cases of hypotension of the cerebro-
spinal fluid following trauma, and we also have seen this
svndrome which clears up mpldly when hypatonic fluids
are gnven liberally by mouth or intravcnously in comatose
patients

We have adopted the following policy regarding the use of
by pertonic solutions in head mjuries

1 Hvpertome glucose fs gnen to evern patient who is
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admitted to the hospital 1n coma or m shock When shock 1
severe, 500 cc. of 10 per cent glucose are given, otherwise
250 c.c of 25 pex cent glucose Hypertonic solutions of glucose
given by vem ncrease the circulating fluids and thus aid m
combating shock In addition, the glucose affords a readily
available nutriment to the organism

2 When focal o1 general cerebral edema 1s suspected the
1eduction of bram bulk can be rapidly accomplished by
hypertome solutions We have found them especially hene-
ficial in the treatment of focal serzures m clildren, wheic
there 15 no chmeal or x-1ay evidence of a depressed skull
fracture on middle menmgeal hemorthage

3 When an extradural hemorrhage or subdural hematoma
1s suspected, hypertonic solutions are not given, but trephine
exploration 1s done at once. In these cases hypertome solu-
tions may be dangerous, smce the reduction of bram volume
may accelerate the bleeding o1 permit new bleeding when
1t has already stopped

The choice of the solution used depends on the experience
of the therapist Hypertonic solutions of sodium chlonde weie
fiist employed However, their adminstration 1s often fol-
lowed by severe respratory and caidac distmbances and
therefore glucose 1s now most often used. Recently, sucrose
has enjoyed popularity, and 1s advantageous smce 1t 15 less
frequently followed by a secondaiy mcrease m mtiacranial
pressuie Other complex sugars such as sorbitol, have heen
advocated recently Severe clills have occurred after therr
use, however, and they have not been employed long enough
to determine their place m the tieatment of macased mira-
cranial pressure followmng head mjuries Solutions of glucose
have the advantage of supplymg a reacily available source
of energv, and when properly prepmed and admmstered,
untoward 1cactions can practically be ehmmated.
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The concentration and amount of hypertonic solution in
jected intravenously, depends on the degree of reduction In
intracranial pressure which is desired, and on the presence
and severity of shock. Glucose 1s ordinarily given in concen
trations of 5 10 25 or 50 per cent When shodk s severe
500 cc. of 10 per cent glucose are admumstered to the aver
age adult When a raptd reduction in intracramal pressure 13
desired 250 ¢ c. of a 25 per cent solution or 100 ¢ ¢ of a 50 per
cent solution is adequate Fifty per cent glucose has the dis
ndvantage of occasionally causing thrombasis of veins Su
crose is usually administered in a 50 per cent solution, 100 c.c.
otatime As soon as the patient s condltion permits debydra
ton if desired, can be malntained by 50 per cent magnesium
sulphate given by mouth or as retention enemata. Rectal ad
ministration of 50 per cent magnesium sulphate solutions 15
a converent method of administermg hvpertonic solutions
For adults 150 to 180 ¢ c. of the solution warmed to body tem
perature should be given slowly by means of a small catheter
and funnel To obtan full effect the solution must be retained
for twenty to thirty minutes The magnesium sulphate should
be continued untll the patient has had several watery stools
1f there is the least suspicion of a coexisting abdommnal in
Juty magnesium sulphate solution 1s of course not given

POSITION OF THE. PATIENT

No general rule can be stated which 1s applicable to all
cascs 1f the paticnt is in shock he should be Lept flat or the
foot of the bed clevated but slightly When the blood pressure
hns returned to normal the head of the bed may be rafsed
slightly unless there is a tendency for fluid to collect in the
Tungs and respiratory passages In such cases elevation of the
foot of the bed with tho patient lying on his side will ma
terially aid in the removal of the flutd In genernl most
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patients are more comfortable with the head rest shghtly
raised since 1 this position mtracranal pressure 15 lower than
mn the prone position, and venous stasis 1s relieved,

SEDATION

Narcotics are dangerous because of therr depressing effect
on the medullary centers, and also because they mterfere
with observation of the patient In addition, moiphine con-
stricts the pupils, hmiting pupillary reactions and fundus
examumations Theie 1s some evidence, too, that morphme
causes a r1se n mtraciamal pressuie Inasmuch as the state of
consciousness 1s a most valuable index of the patient’s prog-
ress, the use of depressants 1s usually contramdicated. When
drugs are required for restlessness, the admmistration of so-
dwum phenobarbital by hypodermic mjection, paraldehyde,
and sodium bronude combmed with chloral, by mouth or
1ectum, has proved of value

The sedative chosen and 1ts dosage depends on the degice
of 1estlessness and the reaction m the mdividual case It 1s
our piractice to begm with the admimstiation of 2 Gm (30
grams) of sodum bromide combmed with 05 Gm (7%
grams) of chloral hydiate This may be 1epeated every fon
or six hours as indicated

Phenobarbital and sodium phenobarbital are used to allay
moderate restlessness For oral use, 01 to 02 Gm (1% 1o 3
mams) of phenobarbital 15 required If restlessness persists.
paraldehyde, 8to 12 c ¢ (2 to 3 diams) may prove efficacious
The disagieeable taste of paraldehyde may be disgused by
dispensmg 1t combimed with orange juice and 1ce cubes.

When 1t 15 1mpossible to admmmster sedatives by mouth,
1ectal or hypodermic medication must be resorted to. Sodium
bromide and chloral hycate as well as paraldehyde can be
given m the above dosages m small enemata Such admmis-
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tration should be preceded by cleansing tho rectun with
wamm water

For hypodermic use, sodium phenobarbital 013 to 03
Gm {2 to 5 grains) is the drug of choice in head injuries

DIET

The diet for o patient with a head injury depends more or
less on the patients appetite It should be light but the
caloric, mineral and vitamin content must be adequate espe
clally when the patient remains in bed for many weeks At
first, fluids and casily digestible food such as broths custards
and soft boiled or poached eggs are given As the patient
recovers the diet should be mcreased as tolerated so that
when he is up and about it is prctically normal If coma
persists for several davs or weeks, feeding and the mamte-
nance of a normal metabolic balance may become 2 major
problem Fluids sodium chlordde and glucose may be gven
intravenously. However when this is done the fluid and
sodinm chloride intake must be carefully caleulated to main
tain a proper electroly tic balance The rules formulated by
Coller provide the best guide While Coller was especmlly
interested in the postoperative care of surgical patsents, the
prineiples of his treatment apply equally well to patients with
head injuries who require parenteral fluids for a prolonged
period

The following method Is used to caleulate the fluid require-
ments. Normally 800 to 1500 ¢ c. of water a day are needed
for vaporization (loss through lungs and skin) with profuse
diaphoresis more fluid fs required The Mdoeys need about
1500 c ¢ of water n day for the elimination of an oy erage of
35 Gm of solid waste matedal approximateh 200 cc. of
water Is Jost with the feces This adds up to 2500 to 8700 c ¢
a dav To this must he added any abnormal low of fwd by
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vomiting, diarrhea or profuse sweating Dehydration will
result if the fluid intake does not equal the fluid loss. While
the average patient may tolerate some degrec of dehydration,
those m poor condition or those who remam m coma for
many days will show signs of flmd deprivation A drv tongue,
Joss of turgor of the sk and sunken eyes, combmed with con-
centrated urme contaming a trace of albumm and casts, are
mdications of such deprivation In this condition, the patient
has usually lost about 6 per cent of lus body weight m fluds
For an average individual of 60 Kg this amounts to a loss of
3600 c ¢ A daily urine output of 1500 ¢ ¢ of a specific gravity
of 1015 or less, normally indicates that the fluid intake has
been adequate.

In determining the sodium chlonde requirements the fol-
lowing facts are important The usual salt loss 1n feces and
sweat 1s about 05 Gm a day The remamder of the mgested
salt, amounting to from 6 to 12 Gm a day, 1s excreted m the
urme When fluds are given parenterally excess salt admin-
istration must be avoided If the daily fluid requirements are
given 1 the form of 3000 cc of 5 per cent glucose m saline
the patient receives 25 5 Gm. of sodium chloride This results
m a retention of salt and water, causing edema, and 1s espe-
cially iable to occur in patients who have been 1ll or m coma
for a long time and whose serum protems are fow

On the other hand, an madequate salt mtake causes a loss
of body electrolytes, the symptoms of which are lassitude,
asthema, dulling of the sense of taste, nausea, vonuting,
drowsmess and later, coma There 1s usually an associated
dehydration The degiee of salt deprivation can be estimated
by a plasma chlonde determmation. To bring the blood
chlorides to normal (580 mg per 100 ¢ ¢ ) 0.5 Gm. of sodium
chlonde per kilogram of body weight should be given for
each 100 mg that the plasma chloride level needs to be ele-
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vated The following case dlustrates the harm which may
arise from an inadequate sodium chloride intake

Case 2. The patlent, 2 white male 50 years old wus injured
fn an automobile collision. He became unconscious immediately
and remaned 5o for several days He was gven hypertonic glu
cose in distllled water by vein two or three times each day No
salino solution was administered. When secen by one of the
authors several days after the accident he was in profound coma.
His skin was dry and inelastic, his tongue drv and furrowed, oand
the temperature was 1036 F It was evident that the patient
was suffermg more from the treatment which he had recetved
than from his injury Normal saline solution was given by con
tinuous intravenous ddp Twelve hours later the patients tem
perature had fallen to 101 F and he was no longer in coma,
though still stuporous A Levine tube was introduced and a high
caloric balanced hiquid diet given by this method. At the end of
two days the patient had tmproved sufficfently to take fluids by
mouth and he eventually recovered completely

From our knowledge of the water salt caloric and vitamm
requirements an adequate diet can be provided even for pa
tlents who remain comatose for several davs or who for
other reasons are unable to take food by mouth The total
sodiun chloride should average 5 to 6 Gm o day the total
flulds about 2500 c ¢ and the caloric intake should be from
1500 to 1800 calories This can be made up of mveetened
frult juices egg nogs milh cream and other fulds of high
caloric velue Any vitamin deflaency due to the restricted
diet can be made up by the admimstration of synthetic
preparations

LUMBAR PUNCTURE

The place of lumbar puncture in the management of head
injurics has provoked much controversy Some physicians
bolieve lumbar puncture dangerous and never cmploy it
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acute head mjuries Other equally competent obsersers use
lumbar puncture m every case and beheve 1t beneficial and
safe Lumbar punctme as a chagnostic procedure is rarely
necessary m head mjuries, though it may be of value when
a defimite history of trauma cannot be obtamed, and when
there 1s no external evidence of mjury to the head In most
cases of moderate and severe head mjuries (about 90 per
cent) a bloody flmd 1s obtamed by lumbar punctute I 1s
hazardous to attempt to estimate the seventy of the mjury
by the amount of blood m the flmd Nevertheless, Jarge
amounts of blood are usually mdicative of extensive cerebral
contusion and laceration with tearing of cortical vessels Duc
to the fiequently associated contusion of the hiain, bloody
fluid 15 found m many cases of extradwal hemonhage

The cerebrospmal fluid pressure 1s not often elevated im-
mediately followmg a head mjury Errors me frequently
made, due to restlessness of the patient When a block 1
present, such as nught result, for example, fiom the lodgment
of a blood clot n the aqueduct, o1 210und the fom th ventrcle,
the pressure determmed by Jumbar punctwe does not corre-
spond to the intracramial pressure How often such a block
occurs followmg head mjunes 1s not known smce in post-
mortem studies very hittle attention has been given to this
until recently, when Moritz and Wortman reported four cascs
of acquired internal hydiocephalus m which there weic Ins-
tories of severe head mjury antedating the discase The
hydrocephalus mn each case was due to a chromic obstructive
leptomemmngitis m the 1egion of the roof of the fourth ven-
tiicle

The proponents of repeated lumbar puncture followmg
head mijuries beheve that the mtracranial pressme 1s thus
mamtamed at a safe level, and that the removal of blood from
the subarachnowd space hastens recovery and dimnishes the
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severity of the post-traumatic symptams On the other hand,
there are those who decrs the use of lumbar puncture and
consider it dangerous hecause of the posstbility of herniation
of the medulla oblongata through the foramen magnum fol
Jowing the sudden relensc of pressure The possibility of start
ing an arrosted hemorrhage, due to changes in the intracrantal
structures caused by the removal of Suid from the ventricles
and subarachnold space by lumbar puncture, must also be
considered. We liave adopted the following policy regarding
lumbar puncture

Lumbar puncture must not be done if shock or extremo
restlessness is present, and is mrch mdicated early In the
course of o head injury unless pecessary for dingnostic pur
poses Durdug the first few hours following a head wjuny, the
body attempts to restore the balance between intrneranial,
arterial venous and cerebrospinal fuld pressures The with
drawal of cerebrospinal fluld by Jumbar puncture might pos-
sibly Interfere with this. If an estradural hemorrhage exists
the removal of cerebrospinal fimd from the ventricles and
subarnchnoid cisterns by lumbar puncture would afford a
larger space fn which the clot could form and fresh bleeding
might oceur In compound skull fractures and in fractures of
the base with cerchrospinal rhinorthea or otorrhes, easly
spinal puncture 15 contrundreated stace #t might tend to
favor the passage of potentially infected material mto the
intracrantal cas fty

Lumbar puncture often greath disturbs an uncooperative
patient so that moro harm than benefit results In very rest
less and uncooperative patients the hazard of breaking a
needie in the spine must also be considered. If severe head
ache nuchal rigidits, or fes er are present, after the condition
of the patient has become stabliized spinal puncture mas
he of benefit The pressure should be mensured and the
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flmd removed slowly wath a needle of small calibor (19 or
20 gauge), seducing the pressure to onc-half of ite initial
readmg If the patient mproves subjechively or ohjectively,
puncture may be repeated every twelve or twenty-four houss,
depending upon the symptoms Spimnal puncture 1s of great-
est benefit to patients who develop severe headaches on the
third or fourth day post-trauma, and m whom the spmal
fluid pressure 15 elevated at that time. The removal of blood
from the ventricles and subarachnoid spaces by lumbar punc-
ture, on theoietical grounds at least, should prove beneficial
That blood 15 an wrnitant m the ceiebrospmal fluid pathways
was demonstrated by the woik of Bagley Autopsies on in-
dividuals dymg some time after head mjuies have shown
thickening of the leptomeninges with hemosiderm pigmen-
tation of the scar tissue (Moritz and Wortman ), Paiker and
Lehman showed that i the experimental laceration of the
bram in the dog, the cerebrospinal pressmie varied directly
with the amount of blood mn the subaiachnoid space, and we
have frequently observed clmical improvement following the
1emoval of bloody and xanthochromic cerebrospinal fhud by
a series of lumbar punctwes It 1s difficult to reconcile these
observations with the carefully controlled experiments of
Sprong who showed that the rate of disappearance of blood
from the cerebrospmal flmd 15 not appreciably nfluenced by
repeated lumbar punctuies

SUBTEMPORAL DECOMPRESSION

Subtemporal decompiession is now rarely advocated for
the rehef of mtracranial pressure followng head mjures
Expenience has shown that unless a definite space-containing
Jesion, such as an extradural clot, or a subdural hemorrhage
or collection of flnd, 15 disclosed, operations doring the first
twenty-four hows after a head myury, for the 1eliefl of pres-
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suro, are usually of no henefit Nevertheless, there are th
who advocate subtemparal decompression For cxnmj
Dandy belicyes that about 10 per cent of severe head injin
require subtemporal decompression for the relief of incre
Ing intracranial pressure He cautions that it should not
done until at least six hours have elapsed from the time
tnjury Naffziger states that the conditions which jus
operation are more apt to be apparent affer twelve or twer
four hours When a subtemporal decompression s do
Naffziger advises that the subdural space be drained
forty eight hours

The studies of Mock Morrow and Shannon seem to ¢
demn the employment of subtemporal decompression He
over e cannot subserbe to their dictumn that “a shull £
ture case operated upon immediately for any cause seld
hves ™ We have not employed subtempornl decompress
during tho fiest twenty~four hours for the relief of increa
fntracranial pressure resulting from head injuries for
following reasons

1 Increased pressure per se is not the most impor
problem following severe brain trauma Mest of the syt
toms are due to actua! structural changes such as contus
laceration and hemorrhage These are not fnfluenced by s
tempara} decompression

2. The added trauma of operative procedure is often &
cient to weigh the balance against recovery when the
ticnt s fate is uncertain

3. Subterporal decompressfon alone merely increases
cranial capacits  Within a short time equilibrum betw
the gencral circulation and intracranial flutd contents 1s
cstablished and the decompression becomes valueless

Subtemporal decompression Is justified in cases In wh
after a lapse of twents four or forty -elght hours or m

R3
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coma deepens m spite of dehy diation and lumba punctnes
Most of these patients die even though decompression 1
done, smce the degiee of cerehral damage 15 msually so
great as to preclude recovery -

In om experience, patients who have mproved followmg
subtempoial decompression were operated upon several davs
after then mjury when the development of focal SIENS or
mereasing coma made 1t mperative to exclude a subdural
or extradural clot Improvement followed negative eplona-
tions m a number of mstances, and the subtemporal decom-
pression was ciedited with the favorable outcome The fol-
lowmg case 1s an example of this

Case 3 A white female, aged 32 vears, a housewife, was in-
jured mn an automobile collision She was mmediately rendered
unconscious and was taken to the hospital, regammng conscious-
ness after thirty minutes At that time a shght weakness of the
left lower eatremity was noted X-ray exammation of the shuil
revealed a 4 ecm honizontal Imear fracture i the squamous por-
tion of the night temporal bone, traversmg the channel of the
middle menmgeal artery Lumbar puncture showed shghtly
bloody fliid, saxd to have been under mcreased pressure The
patient gradually became more stuporous and slowly developed
a definite left hemiplega.

This patient came under our observation five days after the
accident Exammation at this time disclosed a deeply stuporous
obese female She had a left hermiplegia There was moderate
nuchal ngidity. The pupils were equal and reacted promptly to
ight The fundr showed early papilledema The pulse rate was
50 A nght subtemporal decompression was decided upon No
clot was found The dura mater was extremely tense and when
opened the bramn bulged through the dural decompiession and
did not pulsate The procedure was carmed out under local
ancsthesia and when the dura mater was opened the patient
regamed consciousness on the table During the followmng two
weeks the left hemiplegia raprdly cleared up. The patient has
since remamed well



Chapter VIL
INJURIES OF THE SCALP AND SKULL

LACERATIONS OF TIIE BCALP

In most head Injuries the scalp and skull are more or less
raumatized Bruises and hematomas of the scalp require no
special treatment other than cleansing In the presence of
active and severe hemorrhage a scalp wound, of course, re-
quires Immediate attention In most cases however it is wise
to delay débridement until an appraisal of the patient s condl
hon is made Shock, for example needs immedinte treatment,
and when present a tempaorary anhiseptic compression band
age way be applied It is better to obtain roentgenograms of
the skull before lacerations are débrided and sutured, since
ocensionally unsuspected linear or depressed fractures are
revealed at a distance from the sealp wound.

The fist step in the repair of o sealp laceration is proper
prepamation of the patent. The hair is clipped and shaved
to include a space at least two inches around the entire area
An clectric hafr clipper greatly facilitates this procedure and
is o useful and valuable addition to the equipment of every
emergencs surgen The next step Is thorough cleansing of
the entire ares with green soup and warm water folloned by
alcohol and ether Suice the sealp is thick and glandular and
it is olmost impossible to render it bacteria free painting
with an antseptic, such as a dilute tincture of jodine is ad
vimble Next, o local anesthetic such as 1 per cent novocaine
solution is Infected at a distance of about one inch around
the entire laceration Wth a scalpel the edges of the wound

85
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are then excised en bloc down to the bone Hemostasis 15
obtained hv fin > T i

1 v hinger compression (Tig, 77). Irrigation wth
salme or Dakin’s solution 15 used The galeal edges ave then

Fic 27 Almost complete avulsion of the scalp The wound was debrided
according to the method deseribed m the tend, and heaed by first mten-
tion The photograph was taken on the ninth postoperatne dav

appronmmated with mtenupted sutmes of fine black silk tied
with three knots and cut as close to the thnd knot as pos-
sible These sutures remain buried and cauvse no trouble, if
gentleness is used in handling tissues and all devitabized mit-
terial iemoved Silk 1s used for the shin (Fig 27) Dramage
15 not employed. In many cases wheie a rapid closure of an
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extensive sealp Jaceration fs desirble because of the age or
condition of the patient closing the wound with through
and through sill. sutures after preparation and débridement
may serve the patients welfaro better than will a layer of
buried sitk sutures in the galea. The through and through
suturcs arc loosely placed one-half to one inch apart, so that
serum and blood which mav collect con escape hetween the
sutures

Neglected or fmproperls treated scalp wounds frequently
become infected and the infection tends to spread in the
loase areolar tissue between the galea and pericranium Such
infected wounds are best treated by shaving the hair from
a wide aren and applying warm wet dressings The firmness
of the scalp usually prevents guping so that fairly good
approximation can be obtained without the use of sutures
If fluctuation occurs in sreas remote from the wound free
meisions may be made In these areas to obtain dreinage

COMPOUND SKULL FRACTURES

A fissure fracture of the skull under a sealp laceration does
not alter the treatment from that just deserfbed Every effort
must be made to obtain pnmary healing The laceration is
thoroughly debrided and closed in Javers without drainage
fust as soon as the condition of the patient permits Dirt
halr or other foreign material adherent to the fissure should
be removed with o curette  Unless symptoms warrant no
attempt should be made to scparnte the edges of the fracture
If exploration of the dura mater and brain is Indicated it is
best done by making a trephine opening to one side of the
fracture

A lesson leammed during the World War, and relearned
maps times in civil prmctice is this In tho treatment of com
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pound skull fiactures thorough débridement and careful

closwe m lavers with fine silk, without dramage, vields the
A=
best results

DEPRESSLED SKULL FRACTURLE

From the pomt of view of treatment, sumple dcpressvd
skull fractures fall mto thiee groups

1 Those which require earlv o1 immediate elevation In
this gioup are included the depressed skull fiactmes wiich
are responsible for serious symptoms, especially depiessions
over the motor area winch produce Jacksoman motor con-
vulsions o1 focal paralyses If a series of Jacksoman com ul-
sions correspondmg to the mvolved motor arca ocem, and
canmot be controlled by sedatines, the depressed fragment
of the bone should be elevated as soon as possible This 1
llustrated m the followimg case

Casc4 A white fireman, aged 52 years, was stiuck on the head
with a hammer by a fellow employee He was stunned and taken
to the hospital where he began to have frequent Jachsonian motor
convulsions begimmng m the fingers of the left hand and spread-
mg to mvolve the entire left upper extrenity When exanimed
the patient was senustuporous The left upper etrenmty was
powerless, though as far as one could tell pamful stmult were
percerved m thns extremity Xeray films of the skull (Fig 26) ve-
vealed a depression m the nght panetal region, corresponching
to the arm center At opeiation a fragment of hone about the
size of a half a dollar was found depressed fiom three-eighths to
one-half an inch The depressed fragment was remove d (g 29)
exposing a small tear in the dura mater A bleeding corlical vem
was controlled with the clectrocautery The wound was closed
wath fine silk sutures without dramage The patient made a rapud
recovery He had no seizures subsequently, but there was some
residual weakness and spasticity of the left upper extrenty

If focal paralyses develop corresponding to the motor area
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imolved elevation of the depressed fragment 1s urgently m

dicated
9 This group includes cases of dopressed skull fractures

Fra. 28. Case 4 Depresscd fracture of the skull caused by @ blow from
a hammer

in wlnch all the svmptoms do not point directly to the in
volied arca but many are due to general damage to the
brain In this group it is wisest to delay elevation of the de
pression until the patients condition has improved, and
until the fntracranial pressure has become stabilized within
normal limits To clevate a depressed fracture in the pres
ence of high intracruntal pressure is to invite necdless trouble
and possible disaster Bleeding 1s greater and satisfactor
clesure of the wound difficult when the intracranial pressure
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types of crantal surgery The surgeon should aim to le:
the patient with as litle defect in the skull as possible ¥
sating defects nre u source of worry and potentl danges
the patient. If the depression is large, the best incisior
horseshoe-shaped, with the depression in the conter The
pressed fragment can then be ratsed by engaging an eleve
under an edge, and carefully prying it into place. Extre
cantion must be emploved to aveid fnjury to the underly
dura mater ond brain Often it is necessary to make p treph
opening at one side of the depression so that an instrum
can be passed through it along the under side of the
pressed fragments Depressed fragments are frequer
firmh, wedged together and cannot be easily freed with
further damage to the underlying dura mater and brain
these cases by nibbling away a narrow margin of the b
at the edges of the cranial defect the impacted fragme
can be easily clevated If the dum mater is found intac
is wisest to leave it 50, unless exploration of the bmin is
dicated The dura mater may be incised because of neuro
feal sfgns or svmploms, or if inspection rervenls n clot ¢
collection of blood undemeath When the durn mater
been torn It should be carefully closed with Interrupted
sutures The defect in the shull is then repmired by fitting
larger fragments into place They can often be firmly wed
together by placing their edges in the diplolc space betw
the two tables of the calvarium

If the dural edges have been extensively torm so that t
cannot be approsimated, a transplant obtained from the t
poral fascly or the fascia lata can be used. The use of forc
material such as prepared ox fascla lata is not advisabl
on earh priman operation Likewise foreign material
repair skull defects arc not advisable at the priman re
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1s lngh If the scalp over a depression 15 badly contused so
that prmmary healmg would be mterfered with, 1t 15 wisest to
wait until the condition of the scalp 15 no longer a barne

Fic 29 Case 4 X-ray of the skull tahen after débridement of the com-
pound depressed fracture

to primary union Depressions mn o1 nea1 the motor area, even
if symptomless, should be elevated when the condition of
the patient allows

3 This gloup 1s comprised of cases of sumple depressed
fractmes which need never be elevated Included are those
patients 1n whom the depression 1s shght, or feeble or aged
patients with a symptomless depiession

The techmque for the elevation of a simple depressed
skull fiacture does not diffex from that employed m other
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tvpes of cranial surgerv The surgeon should aim to lemve
the patient with as little defect in the skull as possible Pul
sating defects are a source of worry and potential danger to
the patlent If the depression is large the best incision is
harseshoe-shaped, with the depression in the center The de
pressed fragment can then be ruised by engaging an elevator
under an edge and carefully prymg it into place Extreme
caution must be employed to avoid infury to the underlymg
dura mater and brain Often 1t is necessary to make e trephune
opening at one side of the depression so that an instrument
can be passed through it along the wnder side of the de-
pressed fragments Depressed fragments are frequently
firmly wedged together and connot be easily freed without
further dnmage to the underlying dura mater and brun In
these cases, by nibbling away a narrow margin of the bone
at the edges of the cranial defect, the impacted fragments
can be easily clevated If the dura mater 13 found intact it
is wisest to lcave it so, unless exploration of the brain is In
dicated The dura mater may be mcised because of neurolog
feal signs or symptoms, or if inspection reveals a clot or a
collection of blood underneath When the dura mater has
been torn it should be carefully closed with interrupted silk
sutures The defect in the shull 1s then repaired by fitting the
larger fragments into place They can often be firmly wedged
together by placing their edges m the diploic space between
the two tables of the calvanum

1f the dural edges have been extensively tom so that they
cannot be approximated, a transplant obtained from the tem
poral fascia or the fasca lata can be wed The use of foreign
material such as prepared ot fascla lata 15 not advisable at
an carly pnmary operation Lilewise forelgn matenals to
repair skull defects are not advisable at the priman repair
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of a depressed skull fiacture, sice such foreign bodies may

be nmitating to the tissues and thus lessen resistance to pos-
sible mfection

COMPOUND DEPRESSED SKULL FRACTURES

A compound depressed skull fractwe of any part of the
skull demands early 1epan if mtracianial mfection 15 to he
prevented As soon as the patient’s condition permits, and
withm the first twenty-four hours 1f possible, thorough dé-
bridement and caieful closure should be done The extent
of the procedure required depends on the natwe of the m-
jary The following gmiding prmmeiples apply to all compound
depiressed skull fiactures

1 Local anesthesia whenever possible Avertin anesthesia
for childien Inhalation anesthetics, which tend to produce
stiaming, struggling, o1 coughing, are contraindicated

2 Careful and thorough prepaiation of the scalp Usually
chppmg and shaving of the entire scalp, then cleansmg with
gieen soap, water, alcohol and ether

8 Trimming away with a sharp knife the contused scalp
edges, tempoial muscle 1f mvolved, and periosteum

4. Constant Dakin’s or salime solution wrrigation to 1emove
durt and other foreign materals

5 Elevation of the depressed fragments without mjury to
the duia mater or bram

6 If the dura mater 1s mtact 1t must not be opened unless
neurological signs or symptoms demand, or unless mspection
1eveals a subdural collection of blood or clot

7 If the dura mater has been tom and 1ts edges contam-
nated or devitalized, they must be trimmed

8 Contused, macerated, and contammated bram tissue
must be 1emoved by 1mgation and suction with careful at-
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tention to hemastasis Forcign bodies and fragments of bone
are carefully removed

9 The wound is then closed in layers with interrupted
finc silk sutures without drufnage If the dural edges cannot
be approximated a transplant of temporal fascia or fascia
lata is used Largo fragments of bone may be used to fll in
the skull defect if they can be anchored in place

DEPRESSED SKULL FRACTURES IN THE NEWBORN

The general topic of cerebral birth injury is o volume in
itself and has heen adequatcly discussed in recent mono-
grphs (Ford Crothers Rvdberg Ehrenfest) However in
furies to the cranial bones in the newborn with mintmal
cercbral damage have not Dieen stressed. Depressed skull
fractures are usually due to improper application of forceps
during delivery or pressure of the licad agmmnst the pelvic
bones during labor The skin covening the depression is rarely
lacerated  Mamy depressed skull frctures in the newbom
are not productive of symptoms and spring back into place
spontancoushy after sereral davs If the depression is marked
or signs of cerebral compression or irritation occur then
fmmediate clovation of the depressed area is indfcated Focal
seizures often subside as soon as o depressed fragment over
the motor area is returned to its normal position

The technique of elevution is similar to that employed
for other simple depressed skull fmetures Operations in the
newbomn can be safels performed if loss of body heat and
fluids Is guarded against Tt is our pructice to place the in
fant on a heated table This can be finprovised by using an
instrument trav under which one or two hot water bottles
are pheed Tlulds are given subcntancoush about an hour
before operation which is done under local anesthesia sup-
plemented i necessan by @ few drops of ether
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REPAIR OF OLD SKULL DEFECTS (CRANIOPLASTY )

Skull defects resulting fiom compound skull fiactwmes or
cranial operations are sometimes a souice of worry to the
patient and are to some extent hazardous In addition, pul-
sating defects m the frontal 1egion demand 1epawr for cos-
metic and social reasons Whether o1 not the cramal defect
itself 15 productive of symptoms 1s a disputed pomt Never-
theless, dizzmess on bending over, headache and rapid fa-
tigability often clear up after repair of the skull defect
Many patients suffer a psychological handicap a constant
feeling of insecunty may accompany the knowledge that the
calvarram 1s not mtact Persons with visible skull defects may
find 1t difficult or mpossible to obtamn employment In any
of the above circumstances, cramoplasty 1s mdicated, pro-
vided the wound has been thoroughly healed for at least sin
months and theie 1s no evidence of infection m the skull or
bram

Various substances have been used to 1epair cramal de-
fects Silver plates, celluloid, and animal bone, are only a
few For small defects 1t 1s preferable to use the patient’s
own outer table The scalp 1s prepared as for any other cra-
nial operation A hoiseshoe-shaped flap 1s made, mcluding
the defect and an adjacent area of skull slightly larger than
the defect The periosteum 1s mcised close to the defect, and
excess sca1 tissue 1s removed Caie 1s taken to avoid mjuy
to the dwa mater. The margms of the defect are exposed
with a perosteal elevator and freshened with a 1ongeur
Adherent duia mater 1s freed from the under surface of the
bone A piece of cellophane, cut to fit the defect, 1 then
placed on the periosteum of the adjacent 1ntact outer table
With a scalpel an meision about one-fourth of an nch larger
than the cellophane pattern 1s made m the periosteum The
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edget of the periostoum are rofled over and an outline, slighth
Irger than the sizo of the patter, is scratched around the
bone with a sharp pointed fnstrument. With 2 mallet and
chisel the outer table is cut through all around the pattern
and then separated from the mner table Care should be
used to prevent perfornting the inner table The graft with
the attached purdosteum s tronsferred to the defect, and
trimmed with a rongeur to secure a dose fit It is then an
chored by suturing the perosteum of the graft to the perios
teum surroundiug the defect with fine black silk For large
defects, bone obtmined from other individuals or at autopsy
mav be used A plece of bone larger than the defect to be
repaired is obtained and its periosteum strpped The bone
is bofled with the instruments The defect is exposed and
prepared os alreads described  From a cellophane pattem
the bone graft is cut to fit snugh and then anchored into
place by means of sihver or stainless steel wire or blach siih
passed through drill holes in the skull and the bone graft The
scalp flup is sutured into place in layers with fine black sith
vsunlh without drainage If a dmin 1s used, it is romoved
within twenfy four hours An adequate gavzo roll dressing
covered with o protective erinoline dressing is applicd

The results of this operation on the whole have been good
With careful techafque it is rarely necessary to remove o
bone graft hecause of non healing of the wound Roentgeno-
rams taken many months ater mas show some decaleificn
ton of the graft but as absorption occurs there Is replace-
ment with tough fibrous thssue and the old defect remains
fiom without deformits or Joss of protecthve function

In the following patient cranjoplasty gave an excellent
functional and cormetic result

Case 5 A schoolboy 11 years old suflered a componnd skul)
fracture Debridement was dowe leaving a large defect in the
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left frontal region (Fig 80) The boy returned to school The
pulsating defect kept hum from playmg with other boys or en-
gagmg m any sports After two years there was no evidence of

Fic 30 Case 5 Old skull defect resulting from compound skull fracture

new bone formation A plastic repair was therefore advised The
day previous, a large piece of bone was removed for decom-
pressive purposes from a patient with an moperable ghoma of
the bramn This was boiled with the mstruments and used to re-
parr the defect m the manner already described The patient was
discharged on the twelfth postoperative day m good condition
(Fig 31) An xaay film taken six months later showed shght
absorption of the lower border of the bone graft (Fig 32) but
the defect was solid and did not pulsate The patient remamed
symptom-free and he was no longer forced to restrict lus activities

because of the skull defect



Fra. 82 Coe 5 \ 1y taken six months after repair of old slafl defect
Note slight abwrption of the Jower
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Chapter VIII

EXTRADURAL HEMORRHAGE

Intracramal hemonhages occuiring between the mner
table of the skull and the dura mater are known as eitra-
dwal o1 epidwal hemorrhages (F 1g 33) and aie a fiequent
cause of death following head tauma As carly as 1750,
J Hall operated for bilateral extradural hemorrhage, and re-
ported recovery of the patient In 1751 he operated on a
second case successfully Jacobson, m 1885, collected 70
cases of this type of mjury and analyzed the symptomatology.
In recent years, many cases have been reported fiom hoth
smgical and neurosurgical clmics

Extiadwal hemorrhages are usually caused by tearnng of
the middle meningeal vessels or one of then mamn branches
The tear results m an extravasation of blood bhetween the
dura mater and the skull, and as the collection of blood m-
creases, the duia mater becomes separated fiom the bone and
1s compressed agamst the bram With the peeling of the dura
mater from the skull, fiesh vascular channels are opened and
additional bleedig ensues In some cases the artery has been
found torn just at the foramen spmosum, and m othais the
laceration has been mn the mam tiunk of the menmgeal artery
Most often, however, the tear 1s either m the antenor o
postertor division, or m both. A few cases of bilateral extra-
dural hemonhages due to laceration of branches of the
middle menmgeal arteries on both sides have occurred. Often
the site of bleeding cannot be discovered esther at opetation
o1 autopsy (Fig 34) Extiadural bleeding occasionally occurs

98
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from a rent in the dural sinuses or veins, the blood entering
the extradural space through a tear in the dura mater itself
The size of the clot in extradural hemorthage varies from

i
Fio. 83. Dlagram to show position of extradural hemorrhage.

a very small one, weighing o few grams and having little
importance in the symptoms or signs, to larger clots weighing
as much as 250 or 300 Gm The usual clot welghs from 90 to
180 Gm At first the clot is semifluid and of the consistency of
currant jells 1t is nearly alwavs very dark m color and may
be almost black In the earliest stage it is casily freed from
the dura mater but In cases which come to operation or
qutopsy after o day or longer it Is very firm and adhercnt
to the dura mater In a series of 504 nutopsies In which the
cranial bones were brohen by external violence LeCount
and Apfelbach found extraduml hemorrhages in 189 In 104
cases the hemorrhage was large enough to have caused
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EXTRADURAL HEMORRHAGE

Intracranial hemonhages occunimg between the mne
table of the skull and the dura mater are known as cxtra-
dural o1 epidural hemorrhages (Fig 83) and are a frequent
cause of death following head tiauma. As early as 1750,
] Hall operated for bilateral extradural hemoithage, and re-
ported 1ecovery of the patient In 1751 he operated on a
second case successfully Jacobson, m 1885, collected 70
cases of this type of mjury and analyzed the symptomatology
In recent years, many cases have been 1epoited fiom bhoth
surgical and newmosurgical clmics

Extradmal hemorrhages are usually caused by teang of
the middle meningeal vessels or one of therr mam branches
The tear 1esults m an exhavasation of blood between the
dura mater and the skull, and as the collection of blood 1n-
creases, the duia mater becomes separated from the bone and
1s compressed agamst the bram With the peeling of the dwa
mater from the skull, fiesh vascular channels are opened and
additional bleeding ensues In some cases the aitery has been
found torn just at the foramen spmosum, and m others the
Jaceration has been m the mam trunk of the meningeal artery
Most often, howevel, the tear 1s either m the anterior o1
posteuior division, o1 m both A few cases of bilateral extia-
dural hemonhages due to laceration of branches of the
niddle menmgeal arteries on both sides have occurred Often
the site of bleeding camnot be discovered either at operation
or autopsv (Fig 84) Extradwmal bleeding occasionally oceurs
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from a rent in the dural sinuses or vemns the blood entering
the extradural space through a tear in the dum mater itself
The size of the clot in extradural hemorrhage varies from

Fic. 33 Dlagrm to show podilon of extmdural hemorrhage.

a very small one welghing a few grams and having little
importance n the symptoms or signs to larger clots weighing
as much as 250 or 300 Gm The usual clot weighs from 90 to
180 Gm At first the clot is semufluid and of the consistency of
currant jelly It is nearly always very dark i color, and may
be almost black. In the earliest stage it is easily freed from
the dura mater but in cases which come to operation or
autopsy after a day or longer it is very firm and adherent
to the dura mater In a serfes of 504 autopsies in which the
cranfal bones were broken by esternal violunce, LeCount
and Apfelbach found extrdural hemorthages in 199 In 104
cases the hemorthage was large enough to have caused
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serious compression of the bramn Most of the ]argc epicdural
clots a1e found with mddle fossa fractures, allhough SOme
are found m fractwes of the posterion fossa, as well as m

Fic 34 Extradural clot disclosed at autopsy

fractures of the vault Occasionally, frontal fossa factures
are accompanied by estradural hemorrhage Not mfie-
quently, no evidence of fractmie can be found al operation
o1 necropsy in patients with extradural hemorrhage due to
tearmg of the middle menmngeal artery o1 1ts branches The
clot most often covers the dura matet over the tempom],
panetal, and occipital lobes, bilateral clots are encountered
rarely In about one-fourth of the cases the clot compiesses
the dura mater over the oceipital lobe, m rarer mstances the
frontal lobe compressed In about 40 to 50 per cent of the
cases the bram 1s damaged merely by compiession, and the
cortex shows Iittle or no evidence of contusion In some cases
the bram has been contused sufficiently to causc a small
amount of subdural bleeding In about onec-fourth of the
cases, extensive contusion and laceration of the bram 15 found
associated with a large estradural clot, m these, the c\tra-
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dural hemorrhage 15 usualls undiagnosed Extrndural hemor
rhage is frequently found with relatively slight injury to the
skull Indeed mn some cases the injuny has been trivial the
head may hase been bumped against o wall or injured in a
minor fall, as in the following case

Case 6 A ghtl, 18 years of age fell down four steps to & land
ing She did not scem reriously injured, but came to the emer
gency ward because of slight bleeding from the left ear While
being examined her speech beeume somevhat confused and she
was admitted to the hospital Within thirty minutes she became
deeply comatose and the pulse rate dropped to 40 At this time
the blood pressure was 130/80 the left pupll was larger than the
right, but both reacted to light Fiftcen minutes Jater both pupils
were dilated and fixed, the pulse rate was still 40 the blood
pressure 338/60 Om painful stimulation the patient pulled the
left corner of the mouth up while the right side remeined motion
less The reflexes on the right side were depressed, and there was
& marked Babinsk: sign on the right. A diagnosis of Jeft extrndoral
hemorrhage was made and the patient was opernted upon with
out delny A large extradural clot the result of a tesr in the main
trunk of the middle meningeal arterv was found and removed
The patient made an uneventful and complete recovery When
examined two years later she was perfectly well An xmy Glm
taken nt the time of discharge thows the poxition of the bone
defect. A sflver clip used to control hemorthage from the middle
meningeal artery indicates the site where the vessel was tom

(Fig 35)

In our experience, injuries incurred at work or play have
heen responstblo for most of the cases Several were football
aud haseball accidents, the player being struck in the tem
porul region by & ball or bat Direct injuries have been more
often responsible for middle meningesl hemorthage than
wiuries which occurred when the skull was in rapid motion
at the time of the mpact (automobile accidents) Of the re-
ported cases about three-fourths were males Extradural
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hemorrhages are uncommon m mfaney and emly cildhood

- P .
as evidenced by the ramtv of therr 1eports m the medical
hteratwme The elasticity of the cranial bones, the 1clatue

Fic 35 Defect m shull following operation for extradural hemorrhage
Note sihver clip mn relation to groove for the posterior branch of the nuddle
meningeal artery

absence of diploic spaces, the absence of well-marked gioov-
mg for the menmngeal vessels, and the firm adhesion of the
dura mater to the base of the skull i mfancy and caily child-
hood aie the 1easons why 1upture of the menmgeal arler
occurs mfrequently m this age penod

In old age, too, the dura mater 35 firmly adherent to the
entire skull and for this reason the incaidence of extradural
hemorrhage 1s quite 1a1e m the aged.

Most cases occur duimg the active peniods of hfe when es-
poswe fo dnect head trauma 1s most common In ever Voseries
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of cases studicd the vast majority of patiunts have been be-
tween the ages of 20 and 50

In reports of cranjocerebral injurles from clinfes through
out the country the incidence of epidural hemorrhage is
about 25 per cent However the frequency with which the
medical examiner finds an epidural clot in pessons found
dead hours after relatielv trvial hend traumn wdicates that
the incidence of this condition is probably much higher

In the oft repeated clnical description of the symptoma
tology three phases have been described

1 Brief clouding of consciousness following the truuma

2. A period of relative well being which mav last from
one-half to several hours and fu exceptional cascs from two
to threc dnys This {s commonly referred to as the “lucd
interval”™ or “free period ”

8 The penod of cerebml compression with its headache
vomiting drowsmess increasing to stupor and deep coma,
concomitant with contmlateral hemiplegia and convulsive
phenomena During this period the loss of consciousness is
accompanied 1y stertorous breathmg Terminally, the pic
ture is one of failng compensation with vasomnotor collapse
There is deep coma, the breathing is Chevne-Stokes in char-
acter the patient is cold and clammy and decerebmte ngid
ity with tonke convulsions may precede the end.

Clinically there are great variations in this classical picture
Tmtial clouding of consciousness may be entirely lacking On
the other hand, when the trauma s severe cnough to cause
much cerchral damage, the priman period of unconscious
ness may be prolonged throughout the period of the develop-
ment of the clot and coma mav be superimposed on the
Initial unconsciousnesy without any lucid interval 4 well
marked luerd Interval of varying dumtion is present in abont
50 per cent of the cases In another 13 per cent the lueid in
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terval 1s present but not marked. and n the remainmg 33
per cent there 15 no lueid mterval, due to concomitant bram
damage or alcoholism.

In the tvpical chimcal pictwe of epidural hemorrhage the
signs and symptoms closely correspond to the stages of brain
compression produced expernmentally In the first stage, that
of circulatory compensation, there 15 mild compiession of
the bram, evidenced by headache In the second stage, ve-
nous stasis mcreases as the clot grows larger Headache be-
comes severe and there 1s slowing of the pulse, with or
without elevation of the blood pressure If the extravasation
of blood 1s rapid, this stage passes quickly mto the third
stage, that of advanced compiession Bradycaidia 1s maiked,
the pulse may be as low as 40 per nunute and the blood
pressure rises This 15 the stage m wlich newological signs
and symptoms develop With the mcieasing compression the
patient becomes drowsy, the pupil on the side of the hemor-
rhage dilates, piobably due to pressure of the clot on the
oculomotor nerve Contralateral hemiparesis develops, usu-
ally mvolving first the face, and then the arm and leg Theie
may be accompanymng Jacksoman convulsive seizumes on the
paretic side

When the hemorrhage 1s on the left side, nght-handed
mndividuals usually become aphasic before stupor sels in.
Pyramdal signs, that 1s, mncreased reflexes and abnormal
plantar responses are found on the side contralateral to the
clot.

The diagnosis of eatradural hemorrhage 1s casily mnc.]c
when the classical signs and symptoms are present T he his-
tory of a defimite lucid mterval, followed by progressive
stu'por during the first or second day following a head trauma
makes consideration of an extradural hemorrhage imperative
If, m addition, there 1s a umlateral dilatation of the pupil
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and n contralateral hemiparesis, the diagnosis is obvious
When a history of a fucid interval has not been obtained, a
dagnosis of extradural hemorrhage cannot be made with
any degree of certainty Often, though & brief lucid interval
occurred, it was not observed, and its occurrence could not
be verified fn a comatose patient Also when a large and
rapid extravasation occurs in the extradural space, the effects
of severa corebral compression may become manifest before
recovery from the initinl commotio cerebr has taken place
If there has been concomitant contusion and hemorrhage of
the bratn with loss of consciousness the signs of compression
due to an extradural hemonhage may be masked. The fol
lowing points are helpful Extradural hemomhages occur
more often from accidents suffered during play or work, or
from direct blows in the temporal region, than from acci
dents wncurred while the head fs in rapid motion In our own
cxperience and from our acquaintance with the liternture,
extradural hemorrhages are relatively infrequent following
automobile accidents

When x ray examination of the skull shows n fracture line
crossing the groovc for the middle meningeal vessels or one
of their branches or a comminuted fracture in the squamous
portion of the temporal boue, the likelihood of damage to
the meningeal vessels Is creased

In o patient with signs of cerebral compression where the
spinal fluid is clear and colorless and under increased pres
sure extradural hemorrhage must be considered On the
othier hand, bloody spinal find does not rule out an epidural
hemorrhage since slight brulsing of the brain is sufficient to
cause subamachnoid bleeding We found bloods spinal fluld
in about half of the patients who were subjected to Jumbar
punctures

While o unilatesal dilatation of the pupil is an important
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finding, and occurs in many cases of extradual hemorrhage,
its absence does not necessarily 1ule out ]1cmorrlmge On the
whole, unilateral dilatation of the pupil occurs m appioni-
mately 75 per cent of the cases Patients with eprdural hemor-
rhages, who are seen after severe cerebral compression of
several howrs duration, may have bilaterally dilated pupils,
and n these patients the prognosis 1s poor even with opera-
tion, because the ability of the medullary centers to 1ccover-
1s mverselv proportional to the duration of the compression

In ow cases and i those reviewed m the hterature the
pulse 1ate has been slow On the other hand, one should
not ignore the possibility of epiduial hemorthage because
of a fast pulse when the other signs and symptoms pomt to
such a diagnosis

The progressie 11se m blood pressuie deseubed m cases
of cerebial compression has not been observed chinically as
often as has the slow pulse Frequently, the blood pressuie
does not fluctuate verv much duing the entne course of the
dey elopment of svmptoms

The state of consciousness mn extradual hemorrhage 1
not uniformly that of deep coma It 1s true that the classical
picture 1s of a lucid mnteival followed by progiessively m-
c1easmg coma, nevertheless, one occasionally finds that with
increasing compiession, the patient becomes drowsy, al-
though easily aoused This state 1s often mistaken for natual
sleep, especially if the perod of observation comerdes with
the pertod when natural sleep 15 expected Tn thys category
belong the numerous patients who ae found dead the
mornmg after a supposedly tuflmg mjury to the head, and m
whom blood clots a1e discovered at aufopsy The followmng
case 1s an mstance

Case 7 A girl, 9 yvears of age, fell and struck the back of her
head while roller shating She was dazed, but after 2 nunule or
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f heed
two was able to go bome alone At home she complafned o

ache and began to vomit A physicinn was called and rest In bed
was odvised The child became stuporous in the evening but

Fre. 3 Comprestion of the bran by an extradural hemorthage, N\oto sh-
snce of cerebral coatusion o Liceration.

this was mistaken for sleep by the mother who did not become
alarmed about the patients condition until midnight, when she
was Bnally broaght to the hospital, where death occurred shortly
after admisston Autopsy disclosed o small Hnear fracture crossing,
the groove for the Jeft middle meningeal artery and a large ex
tradural clot on the left side. The brain was damaged only by
compression (Fig 88) There was no subdural or subarachnoid
Weeding and no contusion of the brain.
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An aleoholie individual who remams stuporous bevond the
time when one would expect lnm to recover from the effects
of lus recent drinking, must be kept under close wateh he-
cause of the possibility of an mjury sustained while he was
mtoxicated, with subsequent formation of a clot

DITFERENTIAL DIAGNOSIS

When an extradural hemorrhage is dagnosed and uot
found at operation, one may find a large collection of cere-
brospinal fluud in the subdural space, the 1esult of a tear m
the arachnoid. These cases simulate extradural hemorrhage
moie closely than any other condition, but since an explora-
tion 1s mdicated m either case, treatment 1s smular to that
for epidural hemorrhage However, m cases of cerebrospmal
fluid eatravasations, the dura mater must be lefl open m
oider to allow for the absorption of the escaped cerebno-
spmal flmd, which does not take place from the subdwmal
space

Practically all severe lacerahions of the Inam are asso-
ciated with more o1 less subarachnoid and subdmal bleed-
mg These cases are due to severe head trauma and the
signs of cerebral damage are profound fiom the onset. Acute
subdural hemorihage, when theie has been mimmal bram
trauma and the hemonhage results fiom a tear m a large cor-
tical vessel, may simulate extbadwal hemonhage In these
patients the signs of cerchral damage arc progiessive and the
subdural bleeding compresses the brain in a manner sunilar
to an exbadwmal collection of blood The ticatment here, too,
1s operative, although the clot is not disclosed until the dma
mater has been opened Asa rule, the development of symp-
toms 15 slower because the bleedng 15 venous rather than the
rapid gush of blood which accompanies rupture of the nuddle
meningeal artery
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Focal eduma of the brain with the development of local
szing neurological signs and symptoms which simulate a
widdle meningeal hemorrhage has been postulated by nu
merous observers This has been used to justify explomtion
when middle meningeal hemorthage has been sought and
not found and yet recovery has ensued 1t is possible that
an extradural clot may be confined over the occipital or
oceipito-parietal area mare rarely its situation may be far
anterfor The improsement following negatno exploration
can probably be attributed to the decompressive effects con
comitant with opcning of the durs mater This serves to pre-
vent fatal corobru compression With the tiding over of the
cnticl pened, hfe is sustained, and as the epidural clot
slowly reabsorbs recovery tahes place,

Rarely, cercbral thrombosis may be confused with middle
meningeal hemorthnge especially if trauma preceded the
onset of symptoms As a rule, however a definite lucid inter
val Is not obtmned the stupor coming on slowly and increns
ing gradually without an inftial loss of consciousess The nge
of the patient the history of pre-existing arterfoscleroms or
diabetes and the relatively slow progress of symptoms will,
in most cases, serve to differentrate these two conditions
\ ray exnmination of the skull 1s of course, of great impor
tance Nevertheless fn an occasional case it may be impos
sible to diferentiate thrombosis from middle meningeal
hemorrhage except by exploration, as in the following patient

Case 8. A tailor aged 54 vears fell and struck the right tem
poral region He was oble to get up and walk home The nest
dm he vomited and complained of dizziness The following day
ht became very drowsy and finally stuparous. e came under
our care three dayvs after the accident At this thne he was semi
stuporous The pulse mte varied between 68 nmnd 76. The blood
pressure was 176/118. The patient had o left hemiparesis which
became mare marked during the penod of obsen atton Likevise,
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An alcoholic individual who remains stupoious hesond the
time when one would expect him to 1ecover from the effects
of lus recent drinking, must be kept under close watch be-
cause of the possibility of an injurv sustained while he was
mtoaicated, with subsequent formation of a clot

DIFTERENTIAL DIAGNOSIS

When an extradural hemorrhage 1s diagnosed and not
found at operation, one may find a luge collection of cere-
brospinal flmd m the subdural space, the 1esult of a tear in
the arachnoid These cases simulate extiadural hemonhage
more closely than any other condition, but smce an explora-
tion is mdicated m either case, tieatment 1s similar to that
for epidural hemorrhage However, m cases of ceiebrospmal
flmd extiavasations, the dura mater must be left open in
order to allow for the absoiption of the escaped cerebro-
spmal flmd, which does not take place fiom the subdural
space

Practically all severe lacerations of the bram are asso-
ciated with more or less subarachnoid and subdwmal bleed-
mg These cases are due to severe head trauma and the
signs of cerebral damage are profound from the onset Acute
subdual hemorrhage, when there has been mimimal bram
trauma and the hemorihage results fiom a tear m a large cor-
tical vessel, may simulate extradural hemoirhage In these
patients the signs of cerebral damage are progressive and the
subdural bleeding compresses the bramn m a mannes sinlar
to an extiadwal collection of blood The treatment here, too,
15 operatn e, although the clot is not disclosed until the dura
mater has been opened As a rule, the development of symp-
toms 1s slower hecause the bleeding 15 venous rather than the
rapid gush of blood which accompames rupture of the nuddle
meningeal artery
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Focal edema of the bram with the development of Jocal
fzing nevrological signs and symptoms which sunulate a
middle meningeal hemorrhage has been postulated by nu
merous obseners This Iias been used to justify exploration
when middle meningeal hemorrhage has been sought and
not found, and yet recovery has ensued It is possible that
an extrmdural clot may be confined over the occipital or
occipito-parfetal arca more razely its situation may be far
antcrior The improvement following negative exploration
can probably be attributed to the decompressu ¢ effects con
comitant with opening of the dura mater This serves to pre
vent fate] cerebral compression With the tiding over of the
critical perod life is sustained and as the epidural clot
slowly reabsorbs recovery takes place

Rarely cercbral thrombosis mav be confused with middle
meningeal hemorrhage especially if trauma preceded the
onsct of symptoms As a rule, however, a definite lucid inter
val is not obtained the stupor coming on slowly and Increas
ing gredually without an initial loss of consciousness The age
of the patient, the history of pre-cxisting arteriosclerosis or
dinbetes, and the relatively slow progress of symptoms will
in most cascs, serve to differentiate these two conditions
\ rav examination of the skull is of course of great impor
tance Nesertheless In an occasional case it may be impos
sible to differentinte thrombosis from middle meningeal
hemorrhage except by exploration as in the following patient

Case 8. A tallor aged 54 years fell and struck the right tem-
pornl reglon. He was able to get up nnd walk home The next
day he vomited end complained of dtaziness. The followlng day
e became very drowsy and finally stuporous. He came under
our cure theee days after the necident At this time e was semi
stuporous The pulse rate varied between 65 and 78 The blood
pressure was 170,118 The patient had a left hemiparesis, which
became more marked during the period of obsen ation. Likewdse
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a famt Babinski sign became definnte durmyg this peniod  The
pupils were equal and reacted promptly to hight Lumbar prue-
ture yielded a clear colorless flud under a pressure of 120 mm
of water X-ray exammation of the shull did not reveal a fracture
Because of the Justory of an mjury m the nght temporal region
and the slowly progressive left hemiplegia, an evploration under
local anesthesia was done, to rule out an extradural hemorrhage,
An extradural clot was not found The patient suffered no il
effects as a result of the operation. The hemiplegia slowly m-
proved and the sensorium cleared e left the hospital ‘three
weeks later walking with the aid of a cane The final dgnous
was “cerebral thrombosis.”

TREATMEINT

The treatment of extradwal hiemonhage s operatne Of
all smgical emergencies, extradwmal hemorihage is among
the most urgent To delay operation after a diagnosis 1 made
15 to jeopardize the patient’s chances of recovery, smee with
each how of seveie cerebral compiession after the first two
or three hows, the abilty of the vital centers to recover
dimmishes rapidly. In 1885, Wiesman collected from the
Iiterature 257 cases of extradural hemonthage One hundred
and forly-seven were treated expectantly and all but 16 died
—a mortahity of almost 90 per cent The 1emamng 110 were
operated upon and 90 recovered—a mortality of less than 33
per cent With modern methods and prompt surgical mter-
vention the mortality m uncompheated extradural hemor-
rhage can be reduced much further.

In most cases of extradmal hemonhage the usual subtem-
poral decompression meision 15 emploved (Tig 37). The m-
cision should eatend to the zygoma so that if the artery has
been torn at the foramen spmosum 1t can be exposed Usualls
when the temporal muscle has been sepaiaf ' = bone,
a fractme will be found crossing the el 2

geal vessels. As a rule, as soon as (he -
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hroken through svith the trephine or perforator the clot will
ooze out of the opening The opening in the skull is then
enlarged sufficiontly to permit removal of the clot and ex

Fic, 57 Inchion for sultemporal decompeesston This evposure s adeipuit
for nnsrfrmmdwul hemoetages.

posure of the torn vessel If the arterv has been severed at
the foramen spinosum it is necessary to remove the bone ns
{ar down as the floor of the middle cranial fossa The fora
men spinosum can then be plugged with o small pellet of
cotton smpregnated with bone wax or a properly prepared
orangewood peg If the vessel has been tom on the dum
mater it can be secured with a silver clip or a fine silk Iign
ture If a ligature is used care must be talen not to injure
the underlving brain and cortical vessels When all the clot
has been removed the compressed brain in favorble cascs,
cxpands and begins to pulsate 1f the brain fails to expand
normal saline solution given rapidhy, mtravenoush may aid.
Occastonally a retained clot posteriorly nay prevent expan
sion of the bratn The wound should not be closed until the
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a famt Babmski sign became definite duning this period The
pupils were equal and reacted promptly to hght Lumbar punc-
ture yielded a clear colorless fluid under a pressure of 120 mm
of water X-ray exammation of the skull did not reveal a fracture
Because of the history of an mjury m the nght temporal region
and the slowly progressive left hemiplegia, an exploration under
local anesthesia was done, to rule out an extradural hemorrhage.
An extradural clot was not found The patient suffered no ill
effects as a result of the operation The hemiplegia slowly m-
proved and the sensorum cleared He left the hospital three
weeks later walking with the aid of a cane The final diagnosis
was “cerebral thrombosis”

TREATMENT

The treatment of extradural hemorrhage 15 operative Of
all surgical emergencies, extradural hemorrhage 1s among
the most urgent To delay operation after a diagnosis 1s made
15 to jeopaidize the patient’s chances of recovery, simce with
each hour of severe cerebral compression after the first two
or three hours, the ability of the vital centers to recover
dimimnishes rapidly In 1885, Wiesman collected from the
literature 257 cases of extradural hemorrhage One hundred
and forty-seven were treated expectantly and all but 16 died
—a mortahty of almost 90 per cent The remamimng 110 were
operated upon and 90 recovered—a mortality of less than 33
per cent With modern methods and prompt surgical mter-
vention the mortahity m uncomphcated extradural hemor-
rthage can be reduced much further

In most cases of extiadural hemorihage the usual subtem-
poral decompression meision 15 employed (Fig 37) The -
asion should extend to the zygoma so that if the artery has
been torn at the foramen spinosum 1t can be exposed Usually
when the temporal muscle has been separated from the bone,
a fracture will be found crossing the channels for the menin-
geal vessels As a rule, as soon as the mner table has been
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broken through with the trephine or perforator the clot will
ooze out of the opening The opening in the skull is then
enlarged sufficiently to permit removal of the clot and ex

Fic. 87 Inclston for subtemparal decompression This exposare Is adequatc
for nm}r'extrndml hemorrhages.

posure of the torn vessel If the artery has been severed at
the foramen spinosum it is necessary to remove the bone as
far down as the floor of the middle cranial fossa The forn
men spinosum can then be plugged with a small pellet of
cotton impregnated with bone wax or o properly prepared
orangewood peg If the vessel has been torn on the dur
mater it can be secured with a silver elip or a fine silk liga
ture If a ligature is used care must be taken not to injure
the underlying brain and cortical vessels When all the clot
has been removed, the compressed brain in fovorable cases
expands and begins to pulsate If the brain fails to expand
normal saline solution gnen rapidly intravenously may afd
Occasionally a retained eclot posteriorly may prevent expan
sion of the hrin The wound should not be closed until the
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bram has espanded properly. As a rule, 1t 15 not necessary to
open the dura mater If there 1s any evidence, however, that
an associated subdural hemorrhage has occurred, the dura
mater should be opened without hesitation Operation for
extradwal hemorrhage 1s preferably done under local anes-
thesia, and m favoiable cases, when the clot has been re-
moved, the patient becomes more alert while on the oper-
ating table It 15 wisest to place a small rubber tube dram
on the duia mater, with 1ts exit at the lower comer of the
wound, which 1s then caiefully closed m layers with mter-
rupted silk sutures

In the postoperative care all measures used m the man-
agement of any head mjury a1e employed Narcotics are pro-
hibited smce they depress the medullary centers If sedation
15 required the barbituric acid derivatives, paraldehyde,
chloral, and biomdes are preferied It 1s not necessary to
restrict fluid, s;ce as a rule there has been httle damage to
the biam except compiession by the clot Patients are kept
m bed for three weeks, although m favorable cases most
patients feel perfectly well a few days after the operation

In uncomphcated cases of extradural hemorthage operated
upon withim the first few hours after the mnjury, the outlook
for complete and prompt 1ecovery 1s excellent. When oper-
ation has been delayed the mortality mcreases rapidly, so
that after deep coma has existed for more than a few hours
the chances of 1ecovery are very poor If bilaterally dilated
fixed pupils, or decerebrate ugidity exists, the patient rarely
recovers Nevertheless, an occasional case has been saved
even when these signs were present A preoperative elevation
of temperatme above 103° I 15 a glave omen

There are usually no sequelae m patients promptly oper-
ated upon The defect m the skull 1s low down, adequately
covered by temporal muscle and fascia, and this practically
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never causes any symptoms In the patients whom wo have
observed there have been none of the post-concussion symp-
toms which frequenth follow severe head injuries An ocea
sional patient operated upon after compression has existed
for severnl hours may be left with extensive neurological
disturbances

Caso 9 A boy 5 years of age was operated upon elsewhere
after a sovere compression of the brain by an extradural clot had
axdsted for a few hours He had decercbrate rigidity at the time
of operation but nevertheless recovered. Signy of damage to the
midbmin persisted, and after three vears when he came under
our observation he still had spasticity of all four extremities and
dysarthric speech.



Chapter IX

TRAUMATIC SUBDURAL HEMATOMA

A subdural hematoma is an encapsulated collection of
fluid or clot m various stages of dismtegration, located i the
space between the dura mater and the arachnoid membrane
(Fig 38) Unti recently there was considerable confusion
concerning subdural hematomas The 1elation of trauma to
subdwal hematoma was not cleaily HW pub-
heation of a paper m 1914 by Wilfred Trotter Followmg
a 1eport by Putnam m 1925, mteiest was stunulated, and
smce then theie have been many excellent contributions,
and a clearex undeistanding of subdwmal hematoma At fiist
most of the cases were operated upon m neurosurgical clinics,
as many of the patients weie suspected of harboring biam
tumors In the past few yeais, howevel, subdural hematoma
following mjury has become well known to neurologists, sur-
geons, and the medical profession m general, so that many
cases are operated upon every yeai The historical aspects
of the condition have been admunably covered m the report
of Putnam

Tiaumatic subdural hematomas occur more fiequently m
males than m females, in our own series (Table II) males
were affected about twice as often as females Tlus lesion oc-
Me periods, from mfancy to senescence, although
the average age is about 40 With rare excephons a history
of trauma to the head can be obtamed Howevel, 1n many
cases the mjury 1s considered trivial, and 1s often forgotten
by the patient unti] the haumatic ongin of his illness 1s
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stressed Fracture of the shull is not usuallhy found in these
patients
The rdle of tovic factors in the etiology of subdurl hema

Fro. 38 Digram of subdun! [wmatoma. Note loention of the ot be-
tween the inner surisce of Ure dura and tho arschnoid. The Iale o dbs-
phaced. A cortical veta is seen entering the longitndinal stmzs. These veins
aro relatively msopported and cater the xinos at Bght angles, They oy be
(orn by even slight truuma.

toma i3 not clear, though a history of alcoholam is frequently
obtained in these patients

Subdural hematomas result from bleeding into the sub-
dural space (Fig 39) The source of the bleeding is usually
a tear in onc of the cerebral veins entering the dural sinuses
The cercbral velns entering the lncunae of the superior longt
tudinal sinus are extremely thin walled unsupported short,
and without tortuosits One cnd of this unsupported portion
of the vein Is fixed to the ngld durn) sinus while the other
is attached to the ioveable cercbral hemisphere An injury
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to the head fiom the application of a foice to the frontal o)
occipital region produces a movement of the biam without
any marked alteration n the position of the dma mater This

- - e e
Fric 89 Traumatic subdural hematoma This %)ataent suffered a muld head
mjury four weehs previously His fanuly wathheld consent for operation

may cause a tear m a cerebral vem, usually at its rigid at-
tachment to the dural smus The pal and subarachnoid por-
tion of the vem 1s more tortuous and mobile, and 1s not as
apt to rupture from this type of trauma The ngidly attached
portion, which does tear, 1s extra-arachnoid and consequently
the blood escapes from the vessel mto the space between the
arachnoid membrane and the dura mater The blood co-
agulates rapidly and soon becomes encysted The surface of
the clot nearest the dura becomes covered by a membrane
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of fibroblasts and connectiy ¢ tissue which may bo from 1
to ns much as 5 mm thick depending on its age while the
surface nearest the amehnoid membrune fs of tmnsparent
thinness and made up of a layer of arachnoidal cells When
bleeding ceases, and the clot is entirely enclosed bv mem
braue, there are no facilities for its absorption If the amount
of bleeding Is considernble at the outset, symptoms develap
relatively rapidly, wherens, when the encysted clot is small
at the beginning symptoms may be delayed for several weeks
or months  As the clotted blood within the membranes dis
integrates Into simpler chemical compounds the osmotic ten
sion ix altered o as to favor the passage of fluid into the
cyst, and as the mass enlarges symptoms develop and pro-
gress In addition the hematoma Increases {n sizo due to re-
current bleeding from many newly formed capillaries in the
outer membrane In the early stages the contents of the
hematoma is semifluld dark brownish red in color and jelly
like in consistency Later as the hemoglobin molecules break
down the cvst contains g yellowish green fluid of high pro-
tein content Histolagically the outer membrane consists of
fibrous tissue with many young fibroblasts and newl formed
capiifarics At times there may be an infiltration with poly
morphonuclear cells, lymphocvtes and plasmacytes The
fnner membrane is composed of a proliferation of the arach-
nofdal cells A few cases in which calcification has oceurred
in hematomas of long standing have been reported

The svmptomatology of subdural hematoma varies con
siderably depending on the sevcrity of the imtial trauma, and
the mize of the initial extravasation into the subdural space
Mast cases result from relatively minor injuries and often
the details of the Initial injury are forgotten or unknown
Ocensionally an initial bricf period of unconsciousness is
present followed often by o perod of relative well being
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“the latent mterval,” lasting fiom a few days to several weeks
o1 months, but averagmg about twenty-five days During this
period the patient seems to be m good health, with the excep-
tion perhaps of an occasional headache In some patients
headache occuis soon after the mjury, but 1s unaccompanied
by other symptoms until disturbances m the state of con-
sciousness occur The patient then becomes diowsy When
roused he complawns of severe headaches Poor memory, con-
fusion, wrtability, and other mental symptoms may also be
present Some of the patients i ow senes had generalized
or Jacksonian motor convulsions, and others developed a
hemipazesis

Failing vision 1s the presenting symptom m some patients
with subdwal hematoma, who aie suspected of having hiam
tumors The vanability, and miegular development of the
symptoms are chaiactenstic of subdwmal hematoma

The state of consciousness m patients with subdwal hema-
toma varies fiom complete awareness to deep coma When
the symptoms develop 1apidly, after a period of somnolence
of two o1 three weeks, the patient may suddenly become
deeply comatose On the other hand, some patients aie neve:
comatose, but come under observation because of failmg
vision and headaches Most of our patients weie very drowsy
or stuporous They could be roused, but were mitable, and
had to be coaxed to answer questions

Rand noted a hugh-pitched note on peicussion of the skull
m every case in a series of seven. The pulse 1ate 15 slow m
many of the cases In our own series the blood pressure shows
no chaiactenstic alteration Menmgeal nmitation as evidenced
by stiff neck and a positive Kermg sign 15 occasionally pies-
ent Kaplan noted especially the presence of a unilaterally
dilated fixed pupil on the side of the hematoma. In othe
series of cases the state of the pupils has not been particu-
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larly chametenstic. About 75 per cent of the patients had
changes in the eve grounds, although marked papilledema
was present {n only about 25 per cent of our cases and in 40
per cent of the cases collected by Jelsma In most of the
patients, the visual fields could not be examined because of
the mental sinte of the patient When fields were obtained
they were usually normal, although homonvmaus hemlan
apsia has been reported

Reflex changes, pyramidal trct signs, and paralyses are
frequently found in patients with subdurl hematoma Such
findings are notorously unrelable m localizing the side of
the leslon since the masshve displacement of all the midline
structures of the braln may cause pressure on the oppasite
cerehral peduncle agalnst the unvielding incisum tentoni,
s0 that pyrmidal signs and pamlvses may be found on the
side of the lesion Bilateral pyramidal tract signs have been
found in a number of patients with unilateral subdural hema
toma Changes in sensation were not noted frequently  but
most patients with subdural hematomas are poor subjects for
sunsory examinations because of thew mental state Aphasia
is infrequent \ v examination of the skull is not of great
aid in diagnosis Fractures are Infrequent in subdural hemn
toma and signs of increased intracranial pressure, such as
erasion of the sella turcica and convolutional mpressions arc
ahsent {n most cases

In about 20 per cent of the cases the cerebrospinal fluid
is xanthochromlc and under increased pressure but in most
the fluid Is clear and the pressure within normal limits or only
slightly clevated The cell count is usually normal though
occasionalh a pleoettosis is found The total protein content
of the fuid is usunlh slighth elevated 50 to 75 mg per
cent when determined by the Dennis Aver method Table IT
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T 1
Tmvoines v 15 Casts o Traus
Onset of | Time o
Case | Sex | Age Inyury Symp- Op,m{ Head- Stupor | Pu
toms lon ache !
11 F | 48 | Blow to Un- 5wks | Not Marhed | Lefi
head known Kknown dila
21 M| 25| Struck on 12days | 7 wks | Scvere | None Nor
Jjaw later
3| M |45 | Kicked in | Imme- | 2whs |Secvere | Deep Rig
head dhate coma dila
4 | M | 44 | Blow to 2 whs 3whs | Scvere | Marked | Nor
head
51 F {49 | Fell on 3 days | 8 days | Not Marked | Nor
head known
6 M| 52| Struck by |Imme- | §days [ None Marked | Nor
automobile | diate noted
7 1 M | 38 | Fist fight Not 2wks | Not Marhked | Rig.
known known dila
8| M |52 Fellto 1 wk 4 whks | Marked { Marked | Nor
sidewalk
91 M| 14 | Fellin Imme- 3 mos { Moder- | None Nor
bathtub diate crate
10 } M | 44 | Not Not 2 mos | Marked | Deep Smaz
known Lknown coma equi
11 | F | 50 | Fell down | 9 days 9 days | Moder- | Marhed | Left
stairs ate larg:
12 | T | 42 | Struck by 4 days | 17 days | Moder- | Marhed | Rugl
automobile ate dilas
13 | M | 48 | Struck by 2 whks 2 mos | Severe | Marked | Lqu
automobile
14 | F | 73 | Fell, struch | 3 days 9 days | Severe | Marhed | Equ
head
15 | M | 60 | Felldown | 2 wks 5whs |Shght | Drowsy { Left
stars, larg:
struck head




121




HEAD INJURIES

I'ABLYL
T'inpings IN 15 Casks ot TraunvATIc
Onset of | Time of |
Case } Sev | Age Inju Symp- - | Head- )
| e | S| O | T S |
1} F t 48 | Blow to Un- 5wks | Not Markcd‘ Left
head Lnown known ditated
2 | M | 25 | Struck on 12days | 7 whks | Severc | None Normal |
Jjaw later
3| M {45 | Kicked 1n Imme- 2 whs | Scvere | Dee
p Rught
head diate coma dilated
41 M| 44 }1321\; to 2 whs 3 wks | Severe | Marked | Normal
5 F | 49 | Fellon 3 days | 8 days | Not Marked | Normal
head known
6 | M | 52 | Struck by Imme- 8 days | Nonc Marked | Normal
automobilc | diate noted
7 { M | 38 | Fist fight Not 2 whs | Not Marhed | Right
Lnown known dilated
8| M | 52| Fell to 1 wh 4 whs | Marhed | Marked | Normal
sidewalk
o| M| 14 | Fell Imme- 3 mos | Moder- | None Normal
bathtub diate erate
10 | M | 44 | Not Not 2 mos | Marked | Deep Small
known known coma equal
11 | F | 50 | Fell down | 9 days 9 days | Moder- Marhed | Left
stairs ate large
12 | F | 42 | Struck by 4 days | 17 days Moder- | Marhed | Right
automobile ate dilated
13 | M | 48 | Struck by 2 whks 2 mos | Severe | Marhed Lqual
automobhile !
14 | F | 73 | Fell, struck |3 days 9 days | Severe Marked | Lqual
head
15 | M | 60 | Felldown | 2wks Swhs | Shght | Drowsy | Left
stars, large
struch head
}
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Y-y Side
pei| ot | Y
&, »f o 1 Reswlt
Fints | Fooel Signs | oy md Prevewrr Sell | Lowa
Blurred | Right bemib- | 60 | Clesr and | Sightly | Negative | Right | Cured
dives paress colorfen | increased
Cholcd { N 80 | Clear and {500 mm. | L. ven- | Left | Cured
discs i colorkems | of water | wricle dis
plsced
Normat | Right side Clear xrd | 18D mm. | Negative | Left ) Died
spastc colocken | of water
Rlurred | Left ket Clear and | 140 mm, | Negative | Right | Cured
dises plegin cobociers | of water
Normal | Reflexes in- | 64 | Xantho- |70 mm. [ R.tem- | Left | Died
creaxcd on ol water
et
Novma) | Left bern 72 | Bloody Shightly | Negative | Right | Cured
focrensed
Normal | Left bemi 56 | Clesr and | 260 mm. | Negative | Right | THed
percals colariem | of water
Reflexcs on 66 | Mantho- | Shightly | Negutive | Right [ Died
mn( Jelt 1ncremed] chromic L:t;"ht:cd
Choked | Nooe 72 | Qlear and { 330 mm. | Venude (Left | Cured
dbes calockem | of water | ular shift
wR.
Normal | Nooe 50 | Qear and | 110 mm. | Negative | Buat | Cured
colorkw | ol varer eral
Normal | Lelt bemi- | 100 | Nantho- | Ine R tem | Left { Cured
parens chromle
racture
Normal | Left hemi- 56 | \antho- |80 mm. | Negative | Right | Cuwred
paress chromic | of water ®
Noemal | Left hemi- 58 | Cear and [ 340 mm. | Negatlee | Bilat | Cured
plegla roloctem | of water el
Normal | Right heml- | 96 | Clear and | 120 mon. | Negutive | Left | Cumred
plegla colorfem | of water =
Normal | Reght hemi- | 72 | Clear rnd | 130 mmn, { Pioead Rulat { Cured
parces colorfem | of water gh‘pd eral
thifted o

right




122 HEAD INJURIES

gwes the mportant data m the history, svmptomatology
and findings m our own cases o

The diagnosis of subdural hematoma presents {ew daffi-
culties, when a lustory of tiauma 15 followed m a few weeks
o1 months by headache, mental changes, drowsmess, slow
pulse and a unilaterally dilated and fixed pupil This com-
bmation of symptoms and signs 1s found m only a small pro-
portion of the cases However, some of them have been pres-
ent 1 nearly every case Often 1t 15 not possible to exelude
a biam tumor except by exploration The listory of frauma
and the absence of changes m skull roentgenograms are m
favor of subdwal hematoma The spmal flmd presswme m
biam tumors 1s usually defimtely elevated, while m subdural
hematoma 1t 1s normal o1 only shghtly elevated

Post-ttaumatic encephalopathy 1arely presents the diows:-
ness, mental changes, or slow pulse In addition, the mtial
trauma 15 usually much moie seveie, and the symptoms re-
main more or less constant, wheieas m subdual hematoma
the symptoms generally become piogressively moie severe,
although for brief periods there may be maiked fluctuations
m the patient’s well-bemng

When a subdwmal hematoma 1s suspected 1t should be
sea1ched for and evacuated as soon as possible Patients oper-
ated upon before deep coma supeivenes have an excellent
chance for complete 1estoration of health On the other hand,
those operated upon when m deep coma rarely 1ecover The
type of operative piocedme depends on the age of the
hematoma and the condition of the patient. Hemalomas
which aie mostly flud can be 1emoved through a trephme
openmng, while those which are cohetent are best dealt with
thiough a laiger opening m the skull

If the patient 15 m 1elatively poor condition, and semi-
comatose or comatose at the time of operation, we beheve m
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making bilateral openmngs m the skull i the upper temporal
regions (I1gs 40, 41). As a rule, as soon as the dua maler
1s exposed, the piesence of a subdural hematoma 15 dis-
closed by the plum-blue color shmmg through When the
dura mater is meised the thick, velvety outer membrane of
the hematoma is reached, and after this 15 opened the con-
tents can be removed Fluid hematomas are easi! y dealt with,
With the escape of the contents of the hematoma, the bram
expands and fills up the cavity between the dura mater and
the surface of the bram The expansion of the Imamn can
sometimes be facilitated by the mtravenous adnmistiation
of normal saline solution. As much of the thick outer mem-
brane as can be conveniently removed, without enlargmg the
opening 1n the skull too much, should be teased out, although
there is no evidence that the 1etained membranes are harm-
ful Often a semicomatose patient regams consciousness while
on the operating table Smce bilateral clots are present m
about 10 to 25 per cent of the cases it 15 always safest to ex-
plore both sides

When a solid or coherent hematoma 1s found, a larger
openmng m the skull 1s requned The usual subtemporal de-
compression may be used, although a small bone flap 15 prel-
erable, if the condition of the patient permuts, smce 1t avords
the disadvantages of a large defect m the skull. When the
diagnosis of subdural hematoma remains doubtful, 1t 15 ad-
vantageous, providing the patient 1s m faily good condition,
to make hilateral opemings mn the posterior panetal region, so
that 1f a hematoma 1s not found, a ventriculogram can be
made and the lesion locahzed

Flemng and Jones, Fraziel, and others advised two open-
mgs on each side, one m the frontal and one m the parsetal
region so that the hematoma could be washed out Thus hay
not been necessary n any of our cases, smee wath flmd hema-
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to the hospital hecause of occipital headaches vomiting and fail
ing \'B}ll(:’l-l One month previoush he had recehved o blow to the
faw and wa¢ “kuoched out” for a few minutes However he con

Frc. 4% Caw 11 T o subdural 1 disclased by bone flap
Such an extenvive procedure b rarely necessany

tinued at work for twelve days when severe oceipital headaches
forced him to stop

Examination revcaled bilateral papilledema and a slight right
central facial weakness Cerebrospinal fluid obtained by Jumbar
tnp was cdear and colorless under a pressure of 500 mm  of water
Plain x ray examination of the skull was negative However
x ray examination after the injection of air by ventricular pune-
ture showed a shift of the entire ventricular system ta the right
(Fig 42) In addition the body of the left lateral ventricle was
dopressed. A left parictal craniotorny disclosed a typical subdural
hematoma (Fig 43) and fts removal was followed by rapid
and complete recovery
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Case 12 A white male, 44 years of age, was admtted to the
hospital m deep coma Two months previously he began having
severe headaches, accompamed by vormting After two wecks
he was forced to quit Ins job as a chef He gradually became more
and more lethargic, and hus memory became markedly impared
A few days before admission he became drowsy. and finally
comatose Except for the decp coma, the neurological exammation
was essentially negative The fundi were normal Spmal tap
yielded a clear colorless flud under a pressure of 110 mm of
water The pulse rate varied between 50 and 60. Frontal ventric-
ulography was done, but the venticles failed to fill properly,
affording no assistance m diagnosis Lumbar encephalography
was hkewise unsatisfactory Bilateral posterior panctal trephne
exploration disclosed a bilateral subdural hematoma Its evacua-
tion was followed by rapid recovery, although durmg the first
few days after operation the patient was markedly confused and
disoriented His mental condition eventually cleared up entircly,
and when exammed at the time of discharge he was fully oriented
and had normal msight

+

SUBDURAL HEMATOMA IN INFANCY AND
EARLY CHILDHOOD

Subdural hematomas m nfancy and eaily c¢hildhood differ
somewhat m several mportant factors from those m adults
A Instory of trauma 1s rarely obtamable, although burth m-
Jury 1s always possible except m mfants dehivered by clective
Cesarnan section

Subdural hematoma should be suspected mn an infant
whose head, normal m size at birth, begms to enlarge pro-
gressively seveial weeks to several months later (Fig. 44)
Sherwood found enlargement of the head, +omiting, imta-
bility, 1etmal hemorrhages and convulsions, together with
malnutrition 1 many of lis cases

Becausc of the enlargement of the head, many of these
cases have been diagnosed as “hydiocephalus ™ This condi-
tion can be ruled out by bilateral subdural aspiration through
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the latern! angles of the antersor fontanelle Care should be
‘taken not to puncture too deeply since both walls of the
encapsulated hematoma may be pcnctmtcd, resulting in an

Fic. 44 Bilatera! subdural herantorna in an lofant. This patient recelsed
a blow to the head tn early lfe At the age of forr months she had a
convuldon. After this there was progresshe enlugement of the hetd and
lﬂghlhcmlpueﬂ;ﬂulddﬂah}edbvlmnh!hpwmnk)rbutﬂu!dfmm
the sabd biained by Ji I wus chocolate color
The fundi showed old hemorhages mnd exudates. The patient dfed at the
age of eight montls while being stodizd In the horpital.

erronecus diagnosis The fluid from a subdural hematoma in
infaney is usually xanthochromic or bloody

In genem), the treatment of subdural hematoma in infants
has not been as satisfacton as in adults, since infants tolerate
poothy the sudden alteration of intracranial physiology sub-
sequent to the evacuation of & hematoma Naffziger and
Brown have emploved bilaterl trophine openings, whereas
Peetand hohn prefer an osteoplastic flap Recentlv Ingraham
and Hevl edvocated the following plan for the treatment of
subdural hematomas in Infancy and carly childhood

1 Lumbar puncture with the removal of not more than



130 HEAD INJURIES

10 cc of flmd If blood 1s present in the cercbrospmal fluid,
a daily spmal tap should be done until the fluid 1 clear,

2. Bilateral subdwal taps through the coronal suture, The
scalp should be carefully shaved and aseptic technique used
The punctuwe 1s made with a short needle ha mg a short
bevel, and well away from the mudime to avoid mjury to
the superior longitudinal smus If a hematoma s present
there will be a free escape of a yellow or blood-tnged flud
Subdural taps are repeated daily on alternate sides for a week
or ten days Dwmng tlus peniod the infant 15 hult up by care-
ful feeding, parenteral fluds and transfusions

3 Bilateral burr holes are made. They are placed so that
they may later be mcluded m a bhone flap At tlis operation
the flud-contaming hematomas can be emptied completely.
If desired, air may be mtroduced at tlus time so that x-ray
films can show the extent of the lesion If a sohd clot 1s pres-
ent 1t may be partially washed out If defimte membranes are
present the fowth step 1s indicated

4 A bone flap 1s turned down m the fiontoparnetal region,
and as much as possible of the membianous envelope 1s re-
moved If a membiane 1s known to be present over both
hemispheres, a second bone flap 1s done whenever the pa-
tient’s condition permuts, usually one or two wecks later.

Applymg the above plan, Ingraham and eyl reported 10
recoverles and 1 death m a series of 11 patients, 10 of whom
were from 2 to 13 months of age, and one 6 years.

ACUTL SUBDURAL HEMORRHAGE

With every severe cramocerebral trauma, acule subdural
hemorrhage occurs to some extent This 1s nearly always asso-
crated wath contusion and laceration of the bram, and hemor-
rhage from the cortical vems (Fig. 45), The subdural bleed-
ing resulls from tears the arachnoid membrane, which
permit the subarachnoid hemorrhage to enter the subdural
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space In these cases the clinical picture is usually predomi
nantly one duc to the severe cerebral infury, the subdural
collection of blood playing a relatively small rdle in the cau

Fro. 45 Acute subdural hemorrhage awoclated with laceration of the bram

sation of the symptomatology However in some cases the
subdural hemorrhage becomes extensive enough to give focal
and general signs due entirely to its presence and these are
manifest by insidious and progressive hemiplegia and deep
ening stupor Rarcly as in the following case an acute sub
dural hemorrhage may simulate an extradural hemorrhage

Case 13 A boy 7 years of age fell from a slide while plaving
He did not lose consclousness at once When the ambulance sur
geon arrived he found the patient walking around but unable to
give his name or address. On the way to the hospital the patient
became drowsy Examination disclosed a large hematoma in the
left parietal region The pulse voried from 64 to 70 The blood
pressure was 102/72. A lumbar puncture yielded a bloody fuid
under a pressure of 400 mm of water



Fic 46 Casc 13 Fracture in the left Yostenor parictal regon associated
with acute subdural hemorrhage

Fic 17 Case 13 Defect in the shull following operation for acute sub-
dural hemarthage Note the numerous siler ¢hps which were nsed ta igate

the blecding corlical vessel
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The patient with a cerebral Iaceration usually shows severe
chinical signs from the beginning. As he 15 being obsered,
m the non-fatal case, the signs gradually disappear When
the signs ncrease m seventy contmued bleedimg must be
suspected, and 1if progressive focal signs develop, bleeding
may be subdural m location It 1s m these patients that sur-
gical mtervention 15 indicated These cases are practically
always associated with fracture of the skull There has been
some confusion between subdural hematoma and acute sub-
dural hemorrhage because of laxity m terminology. From an
etiological, pathological and clinical standpomt the two con-
ditions differ greatly (Table III)

TABLE 111

DrrrEraTIATION BFTWFEN TRAUuATIC Susburat Hrsatouma AsD Acuti
Sunburar. HeEvoRrRrHAGE

Subdural Hematoma Acute Subdural Hemorrharge
Trauma Shght Severe
Latent penod Scveral days to several | None

wceehs
Brain damagce Duc to compression Scvere contusion and laceraton

Source of bleeding | From cortical veins as { I'rom laceratcd cortical veins on

thev enter the dural the conveaty with the blood
sinuses  Arachnoiwd cntering the <ubdural space
mtact through tearsin the arachnond

Tracture of the shull | Rare Very frequent




Chapter X

FRACTURE OF THE SKULL WITH
INVOLVEMENT OF THE PARANASAL
SINUSES, MASTOIDS AND MIDDLE EAR

Fractures of the skull with injuries to the nasal accessory
sinuses and mastolds are logically grouped together From
o clinical standpoint however there are many important
differences They are sumilar in that they constitute a group
in which the nature of the fracture determines the type of
therapy in contradishnction to most head injuries where the
trauma to bony structures is of secondary importance

The frontal sinuses because of their anatomical location
are particularly prone to injury m head-on colhsions or com
bat When violence is applied to the forchead there is often
fracture of the walls of the frontal sinuses (Fig 49) When
the force is of greater severity the fracture frequently ex
tends basafly to the cnbriform plate or to the roof of the
orbit, and supenorly to the vault The durn mater aver the
frontal lobes is thin and that along the floor of the frontal
fossa is thin and adherent to the bone Thus it is often tom
when the closely applied bone is fractured and a portal is
opened for the passage of infectious material from the nasal
sinuses {nto the intracranial cavity Likewise an avenue for
the escape of cerebrospinal fluid from the nose is established
Fractures {nvolving the frontal sinuses may be divided into
four groups

1 Linear or depressed fractures without lacerntion of the
scalp and without cerebrospinal rhinorthea or preumo-
cephalus

135
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9
2 Compound fractures without rhinorrhea 0

ropuenmo-
cephalus P

3 Trontal fractures with corebrospma] fluid rhinorrhea

+

Fic 49 Tracture of the skull extending mto the frontal <inns Nergy taben
two months after injun

4 Frontal fractures with pncunwccphulus.
Simple fractures of the frontal sinus which molve only
the outer wall usually result from a direct blow to the frontal
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segion by a blunt abject The outer wall of the sinus mav be
slightly depressed The symptoms depend on the degree of
resultant brain contusion and laceration, which however in
many cases with infurfes of this type, Is minimal The treat-
ment is rest In bed In a seml sitting position Coughing sneez
ing straining and blowing the nose should be avoided Local
treatment to the nasal passages is contraindicated After sev
eral weeks, if a depression of the outer sinus wall exists, and
is objectionnble for cosmetic reasons, it may be elevated
under local anesthesin

Compound fractures of the frontal sinus without cere
brospinal Auid rhinorthen or pneumocephalus require simple
débridement of the sealp laceration and suturo after roent
genograms have been taken If the outer sinus wall 1s badly
depressed it must be elevated, and at the same timeo the
entire sinus explored for fracture of the inner wall and pos
sible laceration of the dure mater The method which Teach
enor advises is adequate for these njuries The sinus wall
is exposed. If the inner wall is frctured and the durn mater
tom, the {nner wall must be removed and the durl lacera
tion securely sutured. A dminage tube extending through
the frontal duct into the nasal cavity or externally through
one corner of the wound is fnserted The following case llus-
trates this method

Case 14 A white female 53 years old, was struch by a truck
She was unconschous on admission to the hospital about thirty
minutes later There was on extensive laceration in the mid
frontal region extending to an underlying fracture of the skull
Tho pulse rate was 84 and the blood pressure 124/76. The deep
reflexes were all hyperactive and bilatern]l Babiriski signs were
present. Débridement was dooe under local anesthesiz, The edges
of the sealp laceration were trimmed An estensive depressed
fracture involving the frontal sinus was disclosed. The
fragments were clovated and removed The posterior wall of the
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f .

rolntal smus was fragmented and the dura over the right fronta)
pole was torn The defect m the dura was repured wath u picee
of frontalis fascia The mucous membrane of the mght frontal

Fic 50 Case 14 Defect n the shull followmg repur of a fracture ex-
tending into the frontal smus wath rapture of the mner plate and Jerre
tion of the dura

smus was removed A rubber tube was placed m the cavaty of the
frontal sinus for dramage The scalp edges were approvumated
with fine black silk, usig one layer for the galea and one for the
shm The dramage tube had its exit from the mner corner of the
wound The patient remamed m a senustupor for several days
The drammage tube was removed on the third das The patient
slowly improved and left the hospital siv weeks after the acei-
dent. An \-rav film of the shull shows the defect m the frontal
region resulting from the débridement (Fig 50).

When there 1s a fracture of the shull with cerebrospmal
rhinorrhea, we can be certam that there 1s a tear m the dura
mater and arachnod membrane. and that this communi-
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cates with the paranasal sinuscs. The escape of cerebrospinal
fluid from the nose imuincdiateh, following fractures which
imolve the paranasal sinuses mny at first be mashed by the
accompanving profuse nasal hemorrhage

Cerebrosptnal thinosthea must be suspected whenerer a
watery discharge from the nose occurs and mereases when
tho patient is recumbent If any doubt exists some of the
fluid should be collected and tested chemically Cerebro-
spinal fluid is easdy identified by its low protein content and
the presence of reducing sugar whercas mucus las a high
protein content and reducing sugar Is absent The symptoms
depend on the degrec of the associated cerebral injury With
severe contusions and lacemtion of the frontal lobe, shock is
often profound There may be deep coma alternating with
marked restlesmess With extensive fracture of the cribri
form plate brain tissue may escape from the nose slong with
the cercbrospinal fluid On the other hand some patients
are in relatn elv good condition from the start the onlv symp-
tom being the rhinorrhea, which is sufficient in itself to cause
grat¢ concemn

The treatment of these cases demands the cxercise of the
best clinicnl judgment One must weigh the rish entailed
by an opemtion against the hazard of intracranial infection
in cach case

The condition of the patient is the all important criterion
in deciding whether conservative or operative treatment
should be camed out A pationt who has sustained an ob
viowsly severe intmacranial injun and whe fs in shocl or
deepl comatose should not be operated upon until the shock
has been treated Patients operated upon in deep coma rmrely
recover

On the other hand operathve mtcrvention offers the best
chance of eseaping an intracrantal infection in voung, robust
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mdn iduals who recover from the immediate effcets of thewr
mjury withm a few hours, but in whom cerebrospmal rhinor-
rhea persists for twentv-four hours or more. in spite of con-
servative therapv

When the fracture 1s direetlv over the frontal sinus und
involves the mner smus wall, carly operation 15 indicated
smce fractures m this location can be repared by a rela-
tively simple procedure When 1t 15 probable that the dural
tear 15 sccondary to a fracture of the floor of the frontal fossa
s0 that a frontal bone flap 1s necessary, a delav of twenty-
four to thirty-si hours may be pernutted winle conservative
therapy is bemg carried out If the rhmorrhea persists or in-
creases, and the general condition of the patient 1s satisfac-
tory, operative mtervention 1s justified

In rare cases of fiactures of the skull involving the para-
nasal smuses, an is forced mto the mtraciamal cavity through
the dural tear with resultant haumatic pneumocephalus. The
terms “intraciamal pncumatocele” or “aciocele” have alvo
been apphed to this 1elatively 1a1e comphication  Pneumo-
cephalus 15 practically always assoerated with cerebrospmal
flmid rhiorrhea at some time o1 other. A 1s forced mnto the
mtracranial cavity when the pressure i the paranasal sinuses
15 raised by coughmg, sneezing, stiammg, or blowmg the
nose Pneumocephalus 1s rarely suspected climeally, though
m any case of cerchbrospmal flud rhinorrhea st shonld be
thought of, especially 1f the patient complams of peenhar
sensations on moving Iis head from side to side The v-ray
examination confirms the diagnosis. Air may be found in the
subdural space, n the arachnoidal sulei and cisternae, in the
substance of the bram, in the ventricles, or in any combina-
tion or all of the above The symptoms of pneumocephilus
are severe headache, irntabihity, confusion, and drowsmes,
In addition, com ulsions. hemiplegia, and a slow pulse may
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1 The patient must be warned not to hlow lis nose, congh
strain or snecze 1f uecessary, sedatives and small doses of
codeme may be given.

Frc 51 Case 15 Traumatic pneumocephalus Xerav tahen with ocoput
on the ilm Note dxsrlnwmmﬂ of the lateral and third ventndes and eol-
lection of air n the left frontal region

a—

3. Local treatment to the nasal passage must he as oded.
4 Moderate dehvdration to reduce the secretion of cere-
brospinal fluid and aid m the sealing off of the dural tear,
5. Sulfamilamide and 1elated drugs should be admmstered

2 He should be kept i a semissittmg position in hed.
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outer wall of the frontal sinus by means of an incision
through the shaved eyebrows. The sinus is opened with a
ddll, and the opening cnlurged with rongeurs The clot in
the sinus Is removed and the inner sinus wall exposed and
removed As a rule the dural tear will be in the neighbor-
hood of the fractured fnner wall Blood clot and lacerated
brain are removed by suction and irrdgetion with Dakins
or saline solution The dural tear is then carefully repaired
using a piece of fascia lata from the patients thigh if neces
sary, or a piece of frontalis muscle The comminuted bone
fragments are removed and discarded A small subber tube
Is placed through the nasofrontal duct with its exit into the
nasal cavity The mner end of the tube is placed at the mouth
of the duct The drafnage tube is removed at the end of
about seven days At the end of this interval the durl lacern
tion should be well healed

When rhinorthea persists and the x ray films reveal a basal
fracture in the anterior fossa or when a traumatic pocumo-
cephalus is present a search for the laceration In the dura
mater covering the floor of the antedor fossa Is advisable.
This is best accomplished by means of a small transfrontal
bone fap {sce Chapter XV) When the dura mater is sepa
rated the inner wall of the frontal sinus and the cribriform
region can be inspected The dural rent may sometimes be
verv small If macerated brain tissue is present it is removed
by suction and irrigation The tear §s then tepaired with fine
nlk sutures using a fasclal transplant if necessry The tmns-
plant may be obtained from the fascla of the temporal muscle
which is readily available The wound should then be closed
in lavers with fine sill. sutures In the postoperative care of
these patients in addition to the uswal precautions following
craniotonny  thes must be warned agninst blowing the nose,
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outer wall of the frontal sinus by means of an inciston
through the shaved evebrows The sinus i3 opened with o
drill, and the opening enlarged with rongeurs. The clot in
the sinus is removed and the inner sinus wall exposed and
removed As a rule, the durl tear will be in the neighbor
hood of the fractured Inner wall Blood clot and lacernted
brain arc removed by suction and irrigntion with Dakins
or saline solutfon The dural tear is then carefully repaired,
uting a plece of fascia lata from the patients thigh if neces
sary or a plece of frontalis muscle. The comminuted bone
fragments are removed and discarded A small rubber tube
15 placed through the nasofrontal duct with fts exit into the
nasal cavity The inner end of the tube is placed at the mouth
of the duct The drainage tube it removed at the end of
about seven days At the end of this interval the durl lacera
tion should be well healed

When rhinorrhen persixts and the x ras films reveal a basal
fracture in the anterfor fossa or when a treumatic pneumo-
cephalus is present, a search for the laceration in the dura
mater covering the floor of the anterdor fossa Is advisable
This is best accomplished by means of g small tranafrontal
bone Hap (sce Chapter XV) hen the durn mater Is sepa
rated, the inner wall of the frontal sinus and the cribriform
region can be inspected. The dural rent may sometimes be
very small If macerated brain tissue is present it is remosed
by suction and frrigation The tear is then repaired with fine
silk sutures using a fascial transplant if necessary The trans-
plant may be obtained from the fascia of the temporal muscle
which is readily avaflable The wound should then be closed
In lavers with fine silk sutures In the postoperative care of
these patients in addition to the usual precautions following
cranfotemy thes must be wamed ogainst blowing the nose,
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outer wall of the frontal sinus by nieans of an incisfon
through the shaved eyebrows The sinus is opened with a
drill, and the opening cnlarged with rongeurs The clot in
tho sinus is removed and the inner sinus wall exposed and
removed As o rule the durnl tear will be in the neighbor
hood of the fractured inner wall Blood clot and lacerated
brain are removed by suction and imgation with Dekins
or saline solution The duml tear 1s then carefully repaired,
using a piece of fasciz lata from the patient s thigh if neces
sary, or o plece of frontalis muscle The comminuted bone
fragments are remaved and discarded A small rubber tube
is placed through the nasofrontal duct with 1its exit into the
nasel cavity The inner end of the tube is placed at the mouth
of the duct The drainage tube is removed at the end of
about seven davs At the cnd of this interval the dural Jacera
tion should be well healed.

When rhinorrhea persists and the x my films reveal a basal
fracture in tha anterior fossa or when a traumatic preume-
cephalus is present a search for the laceration in the dura
mater covering the foor of the anterior fossa fs advisable
This is best accomplished by means of a small transfrontal
bone flap (see Chapter XV} When the dura mater is sepa
rated, the inner wall of the frontal sinus and the eribriform
region can be inspected. The dural rent mav sometimes beo
very smalt If macemated brain tissue is present it is removed
by suction and irrigation The tear is then repaired with fine
silh sutures using a fasclal transplant if necessary The trans-
plant may be obtained from the fasen of the temporal muscle
which is readily available The wound should then be dosed
in layers with fine ik sutures In the postoperative care of
these patients in addition 1o the usual precautions following
emplotomy they must be warned against blowing the nase
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sneezng, strammng or coughing They should be kept m hed
in a semi-sitting position for at least fourteen davs.

Early operation m these cases has substantially ;educcd the
mcidence of mtracramal mfections The cxpcct;mt treatment
of fractures mvols ing the nasal accessory smuses with per-
sistant ceiebrospmal flud rhmorrhea or mtracranial prieu-
matocele has hittle to recommend 1t The 115k of menmgitis
and bramn abscess 1s great, not only within the penod 1m-
mediately followmg the accident, but also many wecehs o
months later when any new mfection of the nasal passages
may mvade structures made vulnerable by the previous
mjury

FRACTURE OI' THE SKULL WITH INVOLVEMENT OI' THE
MASTOID AND MIDDLL EAR

Fractures of the nuddle fossa of the skull frequently m-
volve the mddle ear, mastoid, and external auditory meatus,
While such mjuiies are usually accompanied by a bloody
discharge from the ear, a dischaige of blood o1 cerebrospinal
fluid from the ear practically alwayvs means a basal skull frac-
ture Often the amal symptoms are overlooked at first be-
cause the condition of the patient precludes careful hearmng
tests. When the patient 1ecovers from shock and coma, atten-
tion 1s drawn to the ear symptoms

The bloody dischaige from the ear may be prolonged and
very profuse, especially when a bianch of the middle men-
geal artery o1 the lateial sinus 1s torn In most cascs, how-
ever, the bleeding ceases spontaneously after a few hours

In an occaswonal case, shght aural bleeding may result
from a traumatic rupture of the tympanic membrane without
a skull fracture. Nevertheless, a good rule to follow 1s. When-
ever bleeding from the car occurs after a head mjury, suspect
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a basal skull fracture and treat it rs such until proved other
wise

In a small proportion of fractures of the mastoid no blood
is found n the external andstors meatus but bleeding oceurs
into the middle ear without rupture of the drum and on
examinatfon the drum has a charectedstic dull, bluish appear
ance Ecchymoses over the mastoid process {Battles sign)
appearing several hours after the injurv is another indica
tion of a basal fracture in this region

The escape of cerebrospinal fluid from the ear occurs much
less frequently than bleeding It indicates that the dura
mater and the amchnoid membrane have been tor and that
a communication exists between the subarchnold space and
the middle ear In the presence of pre-existing mfection of
the middle ear the hazard of spreading meningitis is grent
While cercbrospinal fluld otorrhea usually indicates o severe
injury we have seen an occasional case where the otorthea
was the only grave sign or symptom which persisted after
the patient recovercd from the humediate effects of the infury

Case 18 A 38 year old salesman fell off a soapbox during a
political rally Ie strick his head on the pavement and was ren
dered unconscious, When brought to the hospital he was con
fused and irational and the reflexes were Incressed on the left
stde There wat an escape of cerebrospinal fluid from the sight
car An x ray Bim of the skull (Fig 54) showed a linear fracture
in the posterior half of the right parietal bone extending inta
the petrous ridge After twenty four hours the patient was men
tally clear and had no subjective complaints flearing was di-
minished on the right and the cerebrospinal Buid otorchea per
sisted for eight dave. The patient remained in bed for three
weeks. Tho hearing loss persisted, and the only other sign when
br was cxamined mbsequent to discharge from the hospital was
o slight unsteadiness when attempting to balance on cither foot.

Impainuent of hearing accompanies many cases of injun
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m this region The deafness as a rule 1 a combination of
middle ear and nerve deafness. The conduction apparatus s
mterfered with by blood m the middle car, while the auds-

Fic 54 Case 16 X-ray film shows a hnear fracture of the nght panetal
bone cxtending to the petrous nidge

tory nerve may be damaged by hemorrhage or actual lacera-
tion Patients who 1ccover fiom bilateral middle fossa frac-
tures are often left with a ilateral permanent defect in
hearmg

Fractures of the middle cramal fossa may extend into the
Jabyiinthine capsule. Vertigo, timmtus and nystagmns, accom-
panied by a cerebrospmal fluid otorrhea are presumptise
evidence that such an extension has occurred

Conservatism 15 the keynote m the management of frac-



FRACTURE INVOLVING SINUSES AND MASTOIDS 149

tures of the base with bloody or cercbrospinal fluid otorrhea
Anything which might tend to fntroduce infection must be
avolded. No attempt should be made to examine the enr
drum or to remove the clot from the external auditory meatus
by manipulation or irrigation A loose antiseptic dressing may
be placed over the ear and the patient kept in bed in a semi
sitting position All those measures mdicated in amy severe
craniocerebral trauma are employed Spinal punctures are
contraindicated as a rule.

The mortality in basal fractures with unilateral otorthes is
about 35 per cent, whercas when the escape of blood or
cerebrospinal fluid is bilateral the mortality rate is doubled
In the patients who recover impairment of hearing may per
sist permancntly The other sequelas are similar to those fol
Jowlng any severe head injury

The complications of basal fractures with otorthen are

1 Periphernl faclal palsy
2. Otitis media

3. Mastolditis

4 Meninghtls

5 Broin abicess

Peniphern! facial palsy occurs in about 10 per cent of frac
tures of the base involving the petrous and mastoid portion
of the temporal bone The palsy rarely comes on before
the second or third day and is prohably due to bleeding or
edema around the faciad nerve in the fallopian canal In
patients who can be tested, it will be noted that taste is lost
on the anterior two-thirds of the tongue on the affected side
since the nenoe is involved centrl to the branching of the
chorda tympani. Jn most cases recovery tahes place within
six or cight weeks after the injurs During this time mechnn
fcal splinting of the involved factal musculature aids the re
turn of nonmal function During convalescence physiotherpsy
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consisting of massage and electrical stmulation 1 of value,

Purulent otitis media follows hemorihage mto the middie
ear whenever the clot becomes infeeted. This happens
rather frequently The otiis media, however. is usually be.-
mgn, and mdolent, but 1 most of the cases clears up' with
conservatine therapy Nevertheless, m rare cases it persists
and spreads, mvolving the mastoid, and may require apera-
tive mtervention

Primary tlaumatic mastoiditis which does not follow otitis
media 1s a more unusual complication of basal skull fracture.
Direct trauma over the mastoid process producing a locus
minotis resistentiae and the lodgment there of blood-bome
bactera 1s the piobable cause The mdications for surgical
mtervention are sunilar to those for mastoiditis m gencral
The cooperation of the otologist 1s indispensable m all aural
complications of head mjuries Operative procedures on pa-
tients who are 1ecovermg from acute head mjues should be
undertaken only when the mndications aie mescapable and
then thev are prefeirably done undex local o1 basal anesthesia.
o1 a combmation of the two Inhalation anesthetics are to
be avoided If a mastoidectomy 1s done, hammer and cluscl
must not be used, the mastoid should be opened with a drill
and rongeurs, since the jarrmg of the skull and brain may be
harmful to a patient who has had a head mjury.

Menmgitss followmg bloody and cerebrospmal flud otor-
1hea (basal fractures mvolving the petious and mastoid por-
tion of the temporal bone) is particularly prone to develop if
a pre-eaisting acute or clnonic otitis mecha was present al
the time the mjury was sustained. Meningitis has followed
cases of otorrhea when attempts were made to wash clots
out of the external auditory meatus by irngation. When cere-
brospmal fluid otorrhea occurs n a paticnt with chronic oli}m
media, the ikehhood of the development of an intracranial
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uxtension of the infection is so great that when the patient s
general condition permits an operative procedure to remove
the infective matcrial and to close the tear In the dur mater
is fustifiable The durnl tear is best approached through a
clean ficld by an opening in the skull in the posterior tem
poral regfon just above the external auditory meatus. This
will enable the surgeon to locate the tear and close it 1f the
tear {s fnaccessible for suturing it may be necessary to seal
it off with a muscle graft Following this procedure, the
otologist should remove the necrotic and purulent material
from the mastoid through a separate mastold incision

Brain abscess may follow traumatic otitis media and mas
toiditis The pathogenesis is simflar to that of nontraumatic
otitic brain abscess

Case 17 A 97 yeor old truckman was struck on tho left tem
poroparietal region by a heavy bot He was stunned but was able
to continue at work Two days later he noticed n purulent dis
charge from the left ear Three weeks after the accident a left
mastoidectomy was performed Two wecks later the patient be
came dull, nuchal rigidity set in, and the pulse dropped to 58.
The spinal Auid at this ime was cloudy and contained 700
WBC. per cinm The next day he became hemiplegic on the
right side and deephy comatose and at this time camo under our
ohservation. In addition to the above findings o bilateral papil
ledema was present. A dirgnosis of a left temporal lobe alcess
was made this was drained at operation Improvement followed
for seventy two hours The state of comciousmess cleared suffl
ciently to demonstrate a marked aphasia Motor pawer impeoved
on the right side of the body However signs of meningeal fnfec
tion became manifest, and progressed, terminating with the death
of the patient on the sixth postoperative day

This case was under treatment before the advent of
sulfentlamide. The outlook in simflar cases treated with
sulfanilamide and related drugs is decidedly better



150 HEAD INJURILS

consisting of massage and electrical stimulation is of salue,

Purulent otitis media follows hemorrhage mto the mddle
ear whenever the clot becomes mfected. This happens
rather frequently The otiis media, however, 1s usually he-
nign, and mdolent, but i most of the cases clears np. with
conservatine therapy Nevertheless, m rare cases it persists
and spreads, mvolving the mastoid, and may 1equire 0pera-
tive mtery enthion

Primary traumatic mastorditis which does not follow otitis
medha is a more unusual compheation of hasal skull fracture
Direct trauma over the mastoid process producmg a locus
nunoris resistentiae and the lodgment there of blood-horne
bactena 1s the probable cause The mdications for surgical
mtervention are simlar to those for mastoiditis i genceral,
The cooperation of the otologist 1s indispensable m al} aural
complications of head mjunies Operative procedures on pa-
tients who are recovering from acute head injuries should be
undertaken only when the mdications aie mescapable and
then they are preferably done under local or basal anesthesia,
or a combmation of the two Inhalation anestheties are to
be avoided If a mastoidectomy 15 done, hammer and chisel
must not be used, the mastoid should be opened with a drill
and rongeurs, smce the jarring of the shull and bram may he
harmful to a patient who has had a head mjury

Menmgitis followmg bloody and cerebrospmal flud otor-
rhea (basal fractures mvolving the petrous and mastoid por-
tion of the temporal bone) 15 particularly prone to develop if
a pre-existing acute or chronic otitis media was present al
the time the mnjury was sustamed  Meningitrs has followed
cases of otorrhea when attempts were made to wash clots
out of the external auditory meatus hy wrrgation When cere-
brospinal fluid otorrhea occurs m a patient wath chrone otitis
media. the hkehhood of the development of an intracramnal
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extension of the infection is so great that when the patients
general condition permits an opemtive proccdure to remote
the infective material and to close the tear in the dura mater
is justifiable The dural tear 15 best approached through a
clenn field by an opening in the skull in the postenor tem
poral reglon just above the esternal auditory meatus This
will enable the surgeon to locate the tear and close it If the
tear Is fnaccessible for suturing it mny be pecessar to seal
it off with a muscle grft. Following this procedure, the
otologist should remove the necrotic and purulent material
from the mastoid through a separate mastoid incision

Dratn abscess may follow traumatic ouitis mediz and mgs
tolditis The pathogenesls is similar to that of nontraumatic
otitie brain abscess

Care 17 A 27 yeur old truckman was struck on the left tem
L region by a beavy box He was stunned but was able
to continue at work. Two days later he noticed a purulent dis
charge from the left car Three weeks after the accident a left
mastoldectomy was performed. Two weeks later the patient be
came dull nuchal rigidity set in and the pulse dropped to 58
The spinal Auid at this time was cloudy and contained 700
WBC, per cmm The next day he became hemiplegic on the
right stde and deeply comatose, and at this time came vinder our
observation In addition to the above 8ndings s bilateral papll
ledema was present A disgnosis of a left temporal lobs abscess
was made this was drained at operation Improvement followed
for seventy two hours. The state of consciousness cleared suff
clently to demonstrte a marked aphasia Motor power improved
on the right side of tho body However sigas of meningeal tnfec
tion became manifest and progressed, terminating with the death
of the patient on the sixth postoperative day

This case was under treetment before the advent of
sulfanflamide  The outlook in similar cases treated with
sulfanilamide and related drugs is decidedly better
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consisting of massage and electrical stimulation s of valye

Purulent otitis media follows hcmmﬂmgc mnto the middle
car whenever the clot becomes wfected  Thi happens
rather frequentlv. The oiis media, howe er, is usually he-
nign. and indolent, but m most of the cases clems up with
conservative therapy. Nevertheless, m rare cases 1t persists
and spreads, involving the mastoid, and may require opera-
tive mten ention

Primary traumatic mastoidhtis which does not follow otitis
media 15 a more unusual complication of hasal shull fracture
Direct trauma over the mastoid process producmg a locus
mmoris resistentiae and the lodgment there of blood-borne
bactena 1s the probable cause The mdications for surgical
mtervention are smmlar to those for mastorditis m general
The cooperation of the otologist 15 indispensable m all aural
comphications of head mjuries Operative procedures on pa-
tients who are recovering from acute head mjuries shonld be
undertaken only when the mndications are inescapable and
then thev are preferably done under local or hasal anesthesia,
or a combmation of the two Inhalation anestheties are to
be avoided If a mastoidectomv 1s done, hammer and chiscl
must not be used, the mastoid should be opened with a drill
and rongews, since the jarring of the shull and bram may be
harmful to a patient who has had a head mjury

Menmgtrs following bloodv and cerchrospmal flud otor-
rhea (basal fractures involying the petious and mastaid por-
tion of the temporal bone) 1s particularly prone to develop if
a pre-enasting acute or chromc otitis media was present at
the time the myjury was sustamed. Menmgtis has Tollowed
cases of otorrhea when attempts were made to wash clots
out of the external auditory meatus by wngation When vere-
brospmal flwid otorrhea occurs m a patient with chrome utlfis
media. the hikelihood of the dexclopment of an wtracraniad
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Chapter XI

SUPPURATIVE CRANIAL AND
INTRACRANIAL DISEASE RESULTING
FROM TRAUMA

POST-TRAUMATIC MUNINGITIS

Meningitis 1s responsible for about 5 to 8 per cent of all
deaths followmg head trauma In a series of 444 cases studhed
by Gross and Kofller there were 54 deaths Of these, 3 were
due to meningitis. The hazaid of meningeal mfection enists
m any case where the dura mater has been tom, espeeially of
a portal of entry 15 opened for the passage of infective ma-
tenial mto the subarachnoid space

In compound shull fractures, either simple o1 depressed,
where the dura mater has been torn, the threat of memmngitis
ensts but can be almost completely chiminated if the wound
is thoroughly and promptly débnded accordmg to the prin-
ciples outhned m the chapter on the ticatment of compound
skull fracture (page 87) When, for some reason, such in-
juries are not promptly débnded a certam number of the
patients develop meningitis. The symptoms of this compl-
cation usuallv mamfest themselves withm three to cight days
after the mjury In rare cases the mfection remams latent
and signs of memngitis may appear weehs or months alter
the patient has been dischaiged i apparently good health.

Basal fractures myolving the petrous pyramid with bleed-
mg from the car furnish a portal of entry mto the subarach-
noid space, and menmgitis may develop. In the presence of

cerebrospmal flmd otorrhea, a tear m the dura mater must e
127
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postulated and the hazard of meningitis is greater Half of
the deaths from meningitis complicating head injury fall fnto
this group Meningitls iz especialls prone to develop follow

Fu. 55. Photom! of cersbeal corter and keplomenloges from a
[nﬁaﬂ‘hadkda‘fﬁbmmmwngﬂhfoﬂowmglhldmdlbnskuf'Mg
mto the frontal stnus.

ing o fracture of the petrous portion of the temporal bone if
o pre-evisting chronic otitis media or mastotditls Is present
at the time of the head tnjury For these reasons, the condi
tion of the patient permitting it is advisable to attempt to
repair the dural tear through a clean field, and then have
the atologust perform a mastoldectorm (page 151)

Fractures of the skull which involve the paranasal sinuses
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especially when cerebrospinal fluid thuworrhea i presei,
expose the patient to a definite threat of meningatis {Frg 531
The treatment of these fractures, which account for about
3 per cent of all deaths following head fnjury, has been d-
cussed in Chapter X

The symptoms of menmgitrs are well known. Howeser. i
a patient with a head mpuny, there 1 often a tendeney to
attribute the svmptoms to the mtracranml damage wmi!mg
from the trauma A patient who des clops high temperature,
vomiting severe headaches and stfl nech following a head
mjury that can be mcluded in the above categonies, must be
suspected of having a meningeal mfection, and a spmal tap
15 indicated without further delav. The diagnosis of menin-
gi1t15 15 confirmed by the presence of a turhnd or coudy cere-
brospmal fluid winch contams many pus cells, and m which
the glucose 15 absent o1 greatly 1educed  Organisms can
usually be found on smear and culture Meningococeal men-
mgitis complicating fracture of the shull has been reported
from tme to time The factors mvolved are similar to those
of the other menmgitides compheating shull fractures eveept
that the mvading orgamisim happens to be the meningococeus
In the ticatment of menmgitis followng head mjuiies the
follow mg principles are of value

1. If the portal of entry can be estabhished, this <hould be
attacked directh For example, m fractmes throngh the fron-
tal sinuses, radical operation with removal of the focus of
infection is mdicated.

2 The offending orgamsm mus* - dentified as rapidiy
as possible -

3 Sulfamlamide and relate
antisera and antitoxins shoula

- !ﬁ(

-

over mdicated
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espeeially when cerebrospmal flud rhmorrhea 1 present,
cxpose the patient to a definite threat of meningtis (Fig, 553
The treatment of these fractures. which account (nrbnlumt
3 per cent of all deaths followng liead injury, has been di-
cussed in Chapter X.

The symptoms of menmgitis are well known However, in
a patient with a head injury, there is often a tendency to
attribute the symploms to the mtracramal damage roqniling
from the trauma A patient who develops Ingh temperature,
vomiting, severe headachqg and shif neck following a head
mjury that can be included in the above categoties, must be
suspected of having a menmgeal mfection and a spmal tap
is indicated without further delay The diagnosis of menm-
gitis 1s confirmed by the presence of & turbid or cloudy cere-
brospinal flmd which contains many pus cells, and in wluch
the glucose is absent o1 greatly reduced Organisms can
usually be found on smear and culture Menmgacoceal men-
mgitis complicating fracture of the shull has been 1eported
from time to time. The factors i olved are sinnlar to those
of the other menngitides comphicating shull fractures, except
that the invading orgamesm happens to be the meningococeus,
In the treatment of menmngitis followmg head mjuries the
following piinciples are of value

1. If the portal of entry can be established, thns should be
attacked directly For example. in fractures throngh the fron-
tal sinuses. radical operation with 1emoval of the focus of
mfection 15 indicated
2 The offending organmsm must be identified as rapidv

"

as possible
3 Sulfanilamide and related drugs, transfusions, speetfic

antisera and antitonins should be used without delay when-

cver mdheated
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4 Frequent spinal punctures must be done to rehieve in
cseased Intracranial pressure administer thermpeutic agents
and provide drainage

Fre. 56 Troumatic brain abscess. This patient had » compound skull
fracture two years previewshy He recovered from this end seemed well
unulhemmddmr,.cu.l.iwu.omu:mdhfghfmw At autopsy the
absceny was found at the site of the old nfury It had communicated with
tho eularacinotd spece producing a falminating meningf

BIAIN ADSCESS FOLLOWING TRAUMA

Abscess of the hrain following trauma is an wncommon
complication (Figs 56 57) It may follow gunshot wounds
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where infectious agents are carried directly into the brain
by the nussile ( Chapter XI1), and m some instances, com-
pound skull fractures where the debridement has been in-
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Fic 57 Photomicrograph of brain tissue adjacent to a traumatic brun
abscess  Note marked mhltration of the white matter and porvasculr
spaces with wiite blood cells

complete. The symptoms of abscess of the bram following
trauma rarely appear until the end of ten davs, and more
often after an mterval of two or thiee weeks, occasionally
they may be delaved for many weeks or months After gun-
shot mjuries, multiple cerebral abseesses mav form along the
track of the mussle The abscess may not be found around the
bullet but at any point along the track where pathogenic or-
ganisms may have been Jodged In one case m which a ballet
was Jodged m the occipital pole, the arca around the bullet
was cvplored without disclosing an abscess Exammation of
the bram later revealed a large. well-encapsulated abseess in
the frontal lobe near the wound of entrance Foreign bodies
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may be surrounded by quescent abscesses for many years
Brain abscess complicating traumatic otitls media and mas
toiditis differs in no essental character from nontraumatic
otogenous brain abscess A head trauma often precipitates
cercbral symptoms in a patient with a chronic or acute otitls
the trauma favoring the spread of a locahzed infection
through fracture lines extending into diseased mastoid cells
and tears In the durm mater Contused and edematous brain
tissue provides a suitable medium for the growth of patho-
genic organisms The treatment of acute skull fractures in
volving the mastords and middle car has been discussed in
Chapter X. When an ohitic brain abscess develops in a patient
with a pre-existing acute or chronic ear infection, the trauma
probably plays an important rdle The treatraent differs in no
essentials from a nontraumatic otitic cerebral abscess

CEREBRAL HERNIA

A cerebral hernia 18 2 protrusion of cerebrul tissue through
a defect in the durn mater secondary to a compound fracture
of the skull or some operative procedure on the skull When
compound skull fractures are thoroughly and promptly dé-
brided and a careful suture of the galea carried out, cerebral
herntas rarely occur In the presence of infection however
the wound may break down and if the dural closure hes been
incomplete or faulty brain matter will be forced through the
defect in the dura mater and skull by the increasing intra
cranfal pressure The protruding mass may reach an alarming
size (Fig 58) It consists of edematous and infiltrated brain
covered by granulation hssue At the baso of the cerebrl
hernta adhesions between the pia arachnoid and durn mater
usually effectively seal off the subarachnoid space though
occasionally the adhesions are not complete and cerebro
spinal fluid cscapes When the adhesions are firm every cffort
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should be made to keep them intact since menmgitis is lew
likely to develop when the subarachnoid space is sealed off.
The treatment of a cerebral hernia requires care and patience.
First, the mass must be protected mechanically. This can be
accomphshed by the use of a very large head dressmg. build-

Jing up the area surrounding the heimia with cotton. The

scalp surrounding the herma for a distance of 5 an. or more
must be kept closelv shaved The herma 1s then covered
with gauze impregnated with vasehne, or vaseline and \ero
form (4 per cent) Then a large protectn e dressing 1s applied.
When sloughs and neciolic aveas are present the use of hvper-
tonic saline solution (5 or 10 per cent) on the dressmgs is
helpful Dressngs of gauze soaked in azochloramid or 1:2000
acriffavime are also helpful As a rule, dailv dresangs are re-
quired Caie must be taken to prevent mjury to the hernia by
bandages wlich ate too tight. As the mtracranial pressure 1
reduced, and as the infection subsides the herma slowly be-
comes smaller and smaller. and finally covered with epr-
thebum. At this stage, vaselme-scarlet-red gauze 15 helpful.
When the mtracramal piessure s high, daily hambar punc-
twes, fluid restriction, and the admmistration of hy pertome
solutions intravenously and rectally are indicated.

Durmg the cowse of trecatment of a cerebral herma the
patient may have bouts of headaches, vormtmg, and stiff neck,
duc to the spilling over of mfcetine matenal or toans mto
the subarachmoid space The use of sulfanilamide js vatuable,
if the offending orgamsms are susceptible to this dryg

The treatment of a ceiebral herma s long drawn out, bt
eveellent results can be obtained even after a pmtmctvd
course in a seemmgly hopeless case. When the herma per-
sists, o1 mereases in size in spite of all the measures outhned,
it 16 probable that a deeply sitnated bram abscess s pre sent
Such 2 diagnoss can be venlied by aspiration with o long
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158 HEAD INJURIES

should be made to keep them mtact smee meningitis is less
ikely to develop when the subarachnoid space 1s sealed off
The treatment of a cerebral hernia requires care and patience,
Fiist, the mass must be protected mechameally This ean by
accomphished by the use of a verv luge head diessing, build-
mg up the arca surroundmg the herma with cotton The
scalp surroundmg the hernia for a distance of 3 em or more
must be kept closely shaved The herma s then eovered
with gauze mipiegnated with vaschine, or vasehne and ero-
form (4 per cent) Then a laige protective dressing is applied
When sloughs and necrotic areas are present the use of by per-
tonic salne solution (5 o1 10 per cent) on the dressings i
helpful Dressings of gauze soaked in azochloramid or 1.2000
acriflavine are also helpful As a rule, daily dressings are re-
quired Care must be taken to prevent injury to the hernia by
bandages which are too tight. As the intracramal pressure 18
reduced, and as the infection subsides the herma slowh be-
comes smaller and smaller, and finallv covered with epi-
thchum At tis stage, vaselme-scarlet-red gauze is helpful
When the mtiacramal pressme 15 high, daily lumbar punc-
tures, flmd 1estriction, and the admmistration of Iy pettome
solutions mtravenouslv and rectally me mdicated

During the course of treatment of a cerchral hernia the
patient may have bouts of headaches, vormtng, and stifl nech,
duc to the spilling over of mfective matenal or tosms nto
the subarachnoid space The use of sulfanilannde i valuable,
if the offending organisms are susceptible to this drug

The treatment of a cerebral herma s Tong dawn out, but
eveellent resulls can be obtained even after a protracied
course m a seermngly hopeless case When the Tiormia per-
sists, or mereases m size in spite of all the measares onthned,
it 15 probuble that a deeply situated bram abscess s present
Such a diagnosis can be venfied by aspiration with a long
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E'dlc through the center of the hemnia 1f pres i< found, in-
ion throngh the center of the hermia with the electrosnreical
tpel, and the introduction of » drainage tube we indicated

¢ 61 Cise 18 Roontgonogrum of <l tiken cmveral monthy bty
patient had been divcharged from the hovptd There 1 o ealdone
tew bone formation

lase 18 A 6 vear old schoothoy saffered o componned shuall
Aure when he ran into the side of a moving antomelale, The
int was admitted to a2 hospital where he boeame aneon
ns and remamed so for seventy-two hours, Braw and cerc
spmal fluid exuded from the open wountd wheh was covered
h an antiseptie dressing The patient cane onder onr DI ART
Ferght wer ks after s acdidont At s time there s bage
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cerebral hernia in the Jeft occipital regfon (Figs 58 59) In
spite of dehydration and dressings of 5 per cont saline solution
applicd to the hernia it continued to increase in size Aspiration
through the center of the hernfa with a long needle vielded o
large amount of vellowish green pus Accordingly a few days
later the hernia was Incised with an electrosurgical scalpel re-
vealing a cigar-shaped abscess cavity This was dratned by means
of a rubber tube which rematned in situ for five weeks, at which
time the cavity had become almost obliterated. At the time of
discharge the hemia was covered with healthy epithelium (Fig
80) The patient had a residual right homonymous hemlanopsia
due to destruction of his left occipital lobe and inability to
recognize the shape of obfects placed in his right hand (astere-
ognosis) He returned to school where he leamed to write and
perform other skilled acts with his left hand. Yhen scen eighteen
months after the accident he was in excellent health though he
stlll had the hemlanopsia and astereognosis \ mjy examination of
the skull showed a defect in the occipital region (Fig 61) This
was well protected by scalp and halr If necessarv the defect
can be repalred at a later date.

TRAUMATIC OSTEOMYELITIS OF THE SKULL

Osteomy elitis of the skull following a blow to the head is
not a frequent complication nowadays (Fig 62) Prior to the
time of antisoptic surgeny it was a common occurrence fol
lowing open cranial wounds When large arcas of the skult
are denuded by extensive lacerations or burns of the sealp the
bone is morc likely to become involved Ostcomyelitis may
also result from compound skull fractures wlich become
mfected

The anatomical factors which influence the development of
osteom elils are the chamcter of the outer table the arterial
supph and the venous drainage When the outer table has
been bruised or fractured, in the presence of scalp laceration
organismis may be introduced by the traumatic agent or from
the hair follicles which are usualls infected The infection
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may be carried into the diploic spaces by thrombosis of e
sary and (hplmc veins. When extemive portions of welp are
lost, lc(n'mg ]arge arcas of dennded calvarivm  the blowd

Fre 62 fraumatie osteamyditis of the Lol

supply of the outer table is mpaired, since at is nintained
by small artenoles from the pericranium, Degeneration of the
onter table oceurs and sequestra are separated. Granulibon
tissue covers over the denuded bone, and eventually becomes
epithehalized The wner table may remain mtadt, since o
derves its blood sapply from the dura mater

The sy mptoms of osteomy chitrs of the skull may be diayed
for several davs or weehs after the inpury, Low grade soptic
temperature, localized soft doughy swelbng of the scalp, or
a persistent sinns followmg a compound skull fracture are
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indicative of the presence of a suppurative process mvolving
the bone  rmy examination of the skull 15 usually negative in
the carly process of this complication and therefore of little
value in the diagnosis at this stage However if repeated
x ray films are taken a diffuse moth-eaten appearance can be
detected after seven to ten days

Concomitant involvement of the underlying meninges and
cortex by a reactive edemn are indicated by various accom
panving neuralogical phenomena such as headaches con
vulsive seizures nech ngidity and localized alteration in
reflexes and motor power

The complications of osteomyelitis of the skull make this
discase a particularly serfous one. The most common com
plications sre cpidurnl ebscess cercbral abscess meningitls
and thrombophlebitis of the ntracranial venous sinuses

Eptdural abscess accompanies practically all cases of osteo-
myelitis of the skull in which both tables are involved. Cere
bral abscess occurs as a result of retrograde thromboplebitis of
the small veins which pass between the dura mater and
cortex and may occur without concomitant thrombophlebitis
of the dural sinuses The symptoms are similar to those tn any
case of cerchral abscess Headaches vomiting stupor brady
cardia, and papilledema are of frequent occurrence Menin
gitis is due to a spread of the infectron from the extrndural
space along the \enous channels into the subarachnoid space

The modern treatment of diffuse osteomvelitis of the skull
begnn when Mchenzie advocated radical removal of fult
thickness of the skull including tmner and outer table well
bevond the involved arcas The choice of an anesthetic de
pends on the condition of the patient. In genernl avertin
supplemented by some inhalation anesthetic is preferred
However when general anesthesta is contrnindicated local in
filtration may be emplosed if extreme caution is excrcised
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The solution should be mjected well bevond the edeniatonc
area of the sealp. For cosmetic reasone, the scalp inenion
outhning the flap should, if posable, be hept wathin the hnr
line. Bleeding from the scalp max be controlled by the uer of
artery clamps on the galea, or Michel chps, as deceribed in
Chapter AV, The scalp flap mcluding the perosten, i
carcfully stnpped from the cab arum: Subperiosteal absecases
are frequently encountered. Several burr holes are made to
one side of the involved area in healthy bone. The entire area
can then be removed en masse by connecting the bhurr heles
with channels made by rongeurs Gigh saw cuts are not ad-
visable because of the greater nisk of injurmg the dura muter
in passmg the gmdes. Should fected material be mtroduced
mto the subarachnoid space. the hazard of a spreadmng menm-
geal infection 15 mereased Al diseased hone must be re-
moved The arca of hone remos ed corresponds ronghls to the
arca of edematlous scalp A pack saturated m acriflavine
1-2000 15 placed between the dura mater and sealp flap, which
mav then be sutured mnto place with a few retention sutures
to prevent retraction In applying the head dressing acrith-
vined gauze 15 placed nert to the scalp flap. A Dakn tube i
then allowed to lead out from this area <o that the adjacent
dressing can he kept moist by frequent mjections of aerifla-
vine thiongh the Dakin tube. The wound s dressed after
forty-eight hours The gaure pack between the sealp and
dura mater is gently loosened and nrigated with acriflaivme
solution. Thereafter dressimgs are changed dails and the
gauze pack gradually removed When the wonnd appeans
clean, the scalp flap 1 sutured loosely in good approsimt-
tion, leavmg i place one or two rubher tissue droos which
are gradually removed in three Lo five dass as mdicated



Chapter M1

GUNSHOT AND OTHER PENETRATING
WOUNDS OF THE HEAD

GUNSHOT WOUNDS

Gunshot wounds of the head, in civil practice, result from
attempted sulclde ar homleide, or from accidents They
differ from gunshot wounds observed In military practice in
that they are nearh ahways inflicted at close range. In milt
tary practice the ratio of gunshot wounds of the head 1o the
total number of casunlties has always been relatively high
Statistics obtained from various treatises on military surgen
during recent wars indicate that approvimately 20 per cent of
all wounds inflicted in combat are head wounds

Gunshot wounds of the head may be divided into three
groups

1 Scalp wounds
2. Wounds of shull without injurv to the cmnial contents
3 Wounds of skull with injury to the crunial contents.

Gunshot wounds of the scalp alone are rarely serfous In
militers practice most of these wounds are due to superficial
shots, some are produced by shell fragments and shrapnel
which mar cause jagged laccrations with considerable loss of
tissue: Guashot wounds of the scalp are treated just as any
other scalp wounds If scen early that is during the first
twenty four hours or so thes may be closed by primany su
ture The hair is Arst carefulls shaved for a distance of at
least 5 em from the limits of the laceration The wourd is
then thoroughly cleaned with green scap water and aleohol

165
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and all foreign material carefully: remov edd, Dakins solutiog

or a saline solution iy used freels in ivigating the Wit

during this procedure The contused and macerted edoe
-

Frie 63 Mochamsm of fracture of the wmner ihle and oater table of th
shull (Redrawn from “Manual of Neurosurgen,” T H Wonenburg Lditar,
Umted States Army Medicd Dy partment, Washington, 1919 )

are then trnmmed with the scalpel. If the pesiosteun i< con-
tused, it, too, must be débnided. \When the Liceratim is m the
temporal or ocapital region the contused fasanr and musele
we treated e oa sumilar manner. The galeal edges are then
approvimated wath buried, interrupted. fine <ilk sutures, and
the shin wound closed wath sumilar suture materal withont
drainage

The prognosis m gunshot fracturcs of the «lull, ot m
volving the dura mater, is good Thesw injunics ure fairh
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common in military practice and are caused by tangentinl
shots which produce a “gutter” fracture of the outer table
with splintering of the inner table of the skull Occanonally
direct violence to the outer table by an oblique impact may
produce a fracture of the inner table without fracturing the
outer table (Figs 3, 63)

Fractures of the inner table without fractures of the outer
table when a direct force is applied to the skull may be ex
plained as follows The force of the impact bends both tables
and the intervening diploé. The particles of bone making up
the outer table are crowded together while those of the inner
table aro dragged apart, and the Iatter splinters before the
former The simplest fllustration of the mechanical factor in
volved is the often used one of the green stiek broken across
the knee—the side awny from the applied force fractures
while that ncarest, bends Fractures of the outer table alone
arc exceedingly mre They have been described In war
wounds in which the outer table has been grooved by the
sharp angle of a shell fragment travellng at a much slower
specd than a bullet.

In civil practice guushot wounds with Intact dora mater
are relatively rare Over a perfod of ten years only 4 cases in
a series of 105 were reported by Goode from the Cincinnati
General Hospital. The treatment of gunshot fractures of the
skull without dural penctration is that used for any com
pound comminuted depressed shull fmcture This includes
carcful preparation and débridement of the scalp wound,
the removal of all forefgn matertals by copious irfgation with
Dakins or salive solution and the removal of frec and tm
pacted bone fragments If the surrounding intact bone has
been contaminated with ground in foreign matter it too
must be dtbrided with rongeurs. Guashot fractures of the
skull cause extensive spllntering with many small fmgments
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which must be removed Howeser, <honld large fragmente sf
bone be present. eveny effort should he niade to P Sery e
and replace them, in order to heep the hone defeet ae sl
as possible. Closure should be carmed out as for sealp wotivls,
without drainage

Tangential gunshot wounds of the vertey, whiel cross the
midhne. are frequently encountered i trench warfare, Tl
may be accompanied by depresaon of the skl mpinging 4\;2
the superior Jongtudinal smus This results in 2 svinplon
complex. first deseribed by Halmes and Sarzent, which i
dependent on interference with venous veturn from the cere-
bral vems draining the pre- and posteential gyvric The dlin-
1cal features of this syndrome are weakness and spasticity,
especially marked m the distal scgments of the Tover e
tremitics, and least evident m the wpper extremities, The
svmptoms reach their masmum seventy within twenty four
to forty-eight hours

At this time there are marked tendon In perreflesia and
bilateral Babmmsht signs The early nigidity and hyperrefiean
arc in striking contrast to the findings m acute mjunies to the
spmal cord. m which flaccidity with areflexia persnted for
several weehs. The sensory disturbances in this syndrome e
of the cortical type, the disenminaton censibilitics beomge
most often mvolved There s hittle or no impairment of pain
and temperature sense Evidence of marked increase s mtra-
cranial pressure appears carlv. with severe headache amd
blurring of the margins of the optic dives

Variations m this syndrome depend on the location s
degree of acclnsion of the saperior Tongitudimal <jnne When
the antenior portion of the superior longitudinal sians s me
volved symptome are minimad When the Tesom npadves the
miuddle third of the smus, motor ssmptome e niim d, atel
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when onls the posterfor third is involved there may be few
motor signs but marked alterations in sensatfon

During the Wosld War the operativc mortality in patients
with symptoms indicative of occlusion of the superior longt
tudinal sinus was almost 40 per cent. This was in a great
measure due to the fact that only the most serlously Injured
were operated upon The mortality in the unoperated cases
was very small.

Gunshot wounds of the head with lacerations of the dum
mater and without lodgement of the mizsilo are relativels
infrequent in clvil practice, because most gunshot injurfes
arc Inflicted at close mnge In military practice they oceur
more frequently and accounted for about one-fifth of all
cases in a series reported by Cushing The duml injury is
produced either by depressed fragments or by detached
indriven pleces of bone The focal symptoms depend on the
area of the breln injured General symptoms as In other in
juries depend on the severity of the trauma the amount of
hemorrhage, and the degyec of cerebral contusion and lacera
tion After careful ncurological and xray examinations
prompt and thorough débridement of the scalp bone, and
damaged brain with removal of indrivon fragments of bone
and suture of the dura mater and sealp i layers without
drainage is indicated

The progrosis with enrls débridement is excellent espe
cinlly if treatment is rendered within the first twelve houss
When operation {s delayed for two or three davs as often
occurs under war conditions, the mortality is about 20 per
cent

The most serlous gunshot wounds of the head are those in
which the dura mater and cortex are penetrated and the mis
site lodged in the brain or in which the bullet has perfornted
the shull-the “through and-through” wounds Unfortunately
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they account for about S0 per cont of all vunshol waunds of
the head in civil practice, and about 55 {)vr cent of gl wyr
wounds in which the wounded are alive long enongh ta
reach the casualty clearing stations,

In enal practice many of the penetrating and perfariting
aunshot wounds are suicidal. and in most cases the temproral
region is s olved. These patients are usoally admitted 1o thy
hiospital within the first hour of the myury. When seen they
are nearly always in shock, deeply unconsciows, and in the
“through-and-through’ wounds. often bleeding  profusels
firom the sites of entrance and exit, In war practice nuany
patients with this type of injury never reach the cisualty
clearmg stations, simce most of them are Lilled outright o
death supervenes on the field, before there has heen time to
remore the wounded

Occasionally . a penetrating or perforating gunshot wonnd
occurs without loss of consciousness and without shack, Cases
have oceurred in which a bullet has heen found durnng a
routine \-ray examination of the skoll for suppoed idhapathie
epilepsy, or some other neurological disorder, only the most
searching mquiries revealed ~v accident, many vears hefore,

in which the bullet wgy_ . the tune merely to have
LIPS TRV P R -
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they account for about 80 per cent of all gunshot wounds of
the head m civil practice, and about 35 per cent of all w
wounds 1n which the wounded are alive lon
reach the casualty clearing stations

In el practice many of the penetrating and perforating
gunshot wounds are suicadal, and m most cases the temporal
region 1s myolved These patients are usually admitted to the
hospital within the first hour of the mjury When seen they
are nearly always m shock, deeply unconscious, and i the
“through-and-through” wounds, often bleedmg profusely
from the sites of entrance and exit In war practice many
patients with this type of mjury never reach the casualty
clearing stations, smce most of them are killed outnght or
death supervenes on the field, before there has been time to
remove the wounded.

Occasionally, a penetrating or perforating gunshot wound
occurs without loss of consciousness and without shock Cases
have occurred m which a bullet has been found durmg a
routme x-ray exammnation of the skull for supposed idiopathic
epilepsy, or some other neurological disorder, only the most
searching mquuries revealed an accident, many years before,
m which the bullet was thought at the time merely to have
grazed the scalp

The following patient recently came under our observa-
tion

Case 19 A carpenter, aged 59 years, was brought to the hos-
pital by ambulance The only history obtamed was that he sud-
denly became dizzy while working on a flat roof, and fell Exam-
mmation showed a small collodion dressmg on the scalp mn the
right panetal region The patient was semi-stuporous  When
urged he would answer questions He had a left-hemiparesis.
The blood pressure was 180/110, the pulse rate”84 TI;; p&o
visional diagnoss was “cerebral vascular accident,” probably the

result of arteriosclerosis and hypertension Tt was thought that

ar
g enough to
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in falling he had laccrated his sealp Since the wound had just
been attended to by a physician who saw the patient before send
ing him to the hospital tho dressing was not disturbed  The

Fro. 64 Case 19 Bullet lodged i the right supramarginal region

presence of 2 small amount of blood in the cerebrospinal fAutd
at lumbar puncture scemed to confirm the diagnosis of cercbral
hemorrhage After a few days the patfent improved He regained
some power in the paretic extremities and his mental condition
was said by his daughter to be normal, Three weeks later an
xrny flm of the skull was taken This showed a bullet in the right
parietal reglon (Figs. 64 and 65) Carcful cxamination of the
wound now thowed 2 round scar about 7 mm in diameter the
wound of entrance of a bullet, which must have been fired from
some distance sfuce there were 1o powder marks The patfent
had no encmies. The only explanation was that he had been hit
by 2 stray bullet The patient scemed to suffer no ill effects ex
cept an fnability to recognize objects placed in the left hand, and
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loss of position sense 1n the left upper and lower extremities He
refused to consent to an operation for the remoyal of the foreign

body

Fic 65 Anteropostenor view of Figure 64

Those few who survive “through-and-through” bullet
wounds often suffer surprisingly few disabalities, due to the
sparing of ymportant structures The steel jacketed bullets
with their hugh velocity, employed m modem warfare, have
mereased the number of perforating cranial wounds In
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civil practice nearlv all perforating gunshot crantal injuries
are fatal Allof the 34 patfents reported by Goode died within
a few hours The outstanding factor in nll cases is profound
shock which persists in spite of all therapy until death

In his war experience, Cushing found that when one or
Doth ventricles of the brain were penetrated by missiles, the
mortality was 100 per cent Howvver when the bullet pene-
trates only one hemisphere and avolds the ventricle, as hop-
pens when the wounds of entmnce and exit are on the same
side and In the upper portion of the skull the outlool. is some-
what better

In the management of penetrating and perforating gunshot
cranfe! wounds the primary consideration 1 the treatment of
shock. External heat, caffeine, 10 per cent glucose by vein
and above all blood transfusion are invaluable

In civil practice nearly all severe gunshot head wounds are
seen very early The question of immediate or delaved dé
bridemcent must be settled Patients opesnted upon while in
shock rarely recover, vet occastonally because of profuse
hemorthage, operation must be undertaken while shodl. is
present In these cases shock must be treated while the opera
tion is going on The cooperation of two operating teams s
essential 5o that o transfusion can be given while the cranial
damage is being repaired

In patients with penetrating and perforating wounds whe
recover from shocl, the optimum time for operation is within
the first twelve hours, since delny permts infection to set in
in the tmumatized tissues and to spread to adjacent arens.
Nevertheless, operations should not be done until nearo-
logical and x ray examinations have been completed In war
practice, carly operation is often impossible Those who
advocate delar to permit the formation of mentngocerchral
adhesjons have been proved wrong in practice, since the
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incidence of menmgitis and encephalitis 1s greater the longer
the operation 1s deferred

When operation within the first two or three days 1s not
possible, expectant treatment should be carried out. the entire
scalp shaved, superficial debris 1emoved, and antiseptic dress-
mngs applied, without suture of the wounds Secondary opera-
tions are then performed as indicated

The following principles, most of them advocated by Cush-
mg as a result of lns war exaperience, serve as an excellent
guide for the early treatment of gunshot wounds of the head.

1 Careful preparation of the field of operation. The entire
scalp should be clipped and shaved, an electric hair clipper
saves much time Then green soap, sterile water, alcohol,
and ether should be apphed for cleansmg.

2 The use of local anesthesia Inhalation anesthetics are
strongly contiaindicated If the patient 1s so uncooperative
that a local anesthetic 1s madvisable, a prelminary basal
anesthetic, such as avertm, may be employed Prelmumary
naicotics are contramdicated because of then depressing
effect on the respiratory center However, other sedatives,
such as nembutal or amytal, are of value

3 A flap or tripod mesion (Fig 66) provides the best
exposure The latter permits an easier closure, since by under-
munng the thiee flaps, approximation is possible even aftel
the traumatized edges of the wound have been thoroughly
débnded

4 The atea of cramal perforation or penetration should
be enlarged with 10ongeurs, or, if 1t 15 evident from the chimecal
or a-ray findings that a wide exploration of the bram is ncces-
sary, a bone flap, with the area of penetration n ats center,
should be made This 1s accomplished by making four or five
trephine openimgs i the skull and connecting them with the
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operations, where pus 1s present, or where there 15 brisk or
contmuous oozing, dramage 1s required.

Postoperative care demands careful and skillful nursmg
and observation As soon as the patient has recovered from
the immediate effects of the operation he should be kept m a
semi-sitting position since this tends to reduce venous pres-
sure and thereby mtracramal pressure Narcotics are to be
avoided. For restlessness, phenobarbital, paraldehyde, bro-
mudes, and chloral aie the drugs of choice Fluids should be
mamtamed at about 1500 c ¢ a day, and afte: the second day
the bowels should be kept open, using magnesium sulphate
by mouth

If headache, stiff neck, delirrum, or Ingh fever persist, a
careful lumbar puncture should be done, and the fluid re-
moved slowly The cerebrospmal fluid should be cultured
If organisms are found, they must be 1dentified as rapidly as
possible and the appropuiate therapy mstituted The wound
should be dressed after forty-eight hours and most of the
sutures removed A diessimg mmpregnated with an oily solu-
tion of azochloramid 1s preferred by the authors.

Hernia cerebri develops i many cases where 1t 1s 1mpos-
sible to close the dura mater, or where infective matenal
remains If the hernia 1s the result of cerebral edema and
mcreased mtracramal pressure, the outlook on the whole is
fairly favorable Extreme care must be taken m dressing the
herma The scalp must be kept shaved, and vaselmed or
seroformed gauze dressings applied Lumbar punctures will
benefit hermas which are due to cerebral edema, while those
wlich result from the pressure of a bram abscess will not
recede until the abscess has been dramed If the hermia has
an unhealthy appearance, dressings kept moist with 5 per
cent saline solution will help stimulate healthy granulations
and cause the sloughs to disappear (See Chapter XI.)
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Memngitis brain abscess, and epilepsy are the most com
mon complications of gunshiot wounds of the head and these
are discussed in their separate chapters

Fio. 67 Umbrella stay entering bruin throogh the optic fommen.

PENETRATING \WOUNDS OTHER THAN BULLET WOUNDS

Puncture wounds of the brain are the result of accidents or
assaults The forcign body may penetrate the skull, usually
in the thin temporal region or enter the brain through one
of the foramma Foss reporied the case of a child who fell
while running with an ivory crochet hoob in his mouth The
hook traversed the wall of the pharynx and entered the left
cerebellar hemisphere through the jugular fommen Figure 67
is the x ray film of a young girl who was brought to the hos
pital in coma, with part of an umbrella stay projecting from
her orbit While at play another child thrust the umbrella
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stay at her It entered the cramal cavity through the optic
foramen without damage to the eve After removal of the
foreign body the clild 1ecovered, but had loss of vision on
the side of the mjury, the result of damage to the optic nerve,
Knife blades have been found m the bram years after a braw].

In some puncture wounds of the bram there arc no cere-
bral symptoms during hfe As a rule, however, signs of the
mitial severe cerebral mjury are followed by an mnfection
wlich usually terminates fatallv If part of the penetrating
foreign body projects above the skull it should be removed,
after shaving and careful preparation of the scalp If the
foreign body 1s buried n the bram 1n an accessible location
and the patient comes under observation durmng the first
twenty-fow hours, 1t should be removed at once provided no
shock exists The techmque for the removal 1s sinular to that
employed m other cranal operations. If the patient comes
under observation after twenty-four hows, removal should
not be attempted for several weeks m order to pernut locali-
zation of any mfection to take place In some cases an asymp-
tomatic imbedded foreign body 15 best left alone.
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CRANIAL NERVE INJURIES

The cranial nerves are frequentls Involved In head injuries,
particularls fn cases of fracture of the base of the skull The
lesion may be a contusion of the nerve or a hemorrhage mto
the nerve sheath In these cases the impairment of function
is usually temporary  On the other hand, when the nerve is
incernted at or near its foramen of exit from the skull, perma
nent loss of function ensues

Tho olfactory nenve flaments passing through the numer
ous smalt apertures in the cribriform plate are easihy tom in
anterior cranial fossa fractures The olfactory bulbs and tracts
are also liable to Infury due to their exposed anatomical loca
tion The defect In the sense of smell is mrely recognized
during the acute phase of the head Injury Inability to detect
odors is usually not noticed until the patient 15 up and about,
performng his customan duties Unfortunately testing of
the sense of smell is often either neglected or impossible
hecause of lack of cooperation so that available statistics are
not accurate In reports of cases of head injuries in which
special attention has been paid to the status of the sense of
smell, almost complete anosmia was found in appraximately
10 pet cent of the cases. The loss of smell is usually perma
nent

Loss of vision elther unilateral or bilateral, fortunately a
rare occurrence is found in less than 1 per cent of head
injuries. The loss of vision is due to infury of the optic nene,
chiasm or trnet If the injury occuns fn the nerve blindness
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on the same side resuits If at the cliasm, bilateral blindness
usually develops, while if the mjury 15 to the optic tract, the
patient will suffer from a homonymous hemianopsia Optic
nene mjuries follow fractures of the frontal fossa, which
extend mto the optic foramen and canal In these cases loss
of vision occurs at once If the nerve 1s severed, primary optic
atrophy 1s apparent m from one to three weeks. When the
nerve 1s contused and hemorrhage occwis mto the sheath, the
resultant venous stasis produces choked dises At first the
visual Joss may be complete, but as the hemorrhage absorbs
there may be some 1eturn of function Decompression of the
optic canal has been advocated in these cases. Howerer,
the results have been fa1 from encouraging, since at the time
the procedure would be of henefit, the patient is in no con-
dition for such an extensive operation. Injunes to the optic
cliasm and tract aie relatively raie but when they do oceur
usually produce complete and permanent bhindness.

Palsy of the oculomotor nerve 15 a fiequent finding after
head mjury Its most usual manifestation 1s a umlaterally
dilated pupil The thnd nerve supphes the constrictor muscle
of the pupil The loss of function m this nerve may be due
either to direct mjury o1, more commonly, to pressure of an
extra- or subdural hematoma This results i dilatation of the
pupil due to the unopposed action of the dilator pupillac
supphed by the sympathetic nerves With greater mvolve-
ment of the thnd nerve, ptoss, or even outward and down-
ward rotation of the eyeball, may occur. The reason for this
15 the unopposed action of the superior oblique and external
rectus muscles, which are supphed by the fourth and snth
nerves, respechvely

Involvement of the trochlear nerve 1s uncommon Minor
degrees of palsy due to mjunes o this nerve are usually un-
recogmzed. Injuries to the abducens nerve are more common,
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having been found in 7 of 444 cases This nerve, because of
its long course along the base of the skull is often injured
with a resultant partial or complete paralvsis of the lateral
rectus muscle which is the only one it supplies In nearly oll
such cases, improvement fn muscular strength occurred over
a perfod of several months

The motor division of the trigeminal nerve is marely in
volved In head Injuries Neither are the Gasserian ganglion
nor the three main sensory divisions often damaged How
ever the supra-orbital and infru-orbital nerves may be con
tused or lncerated in injuries fnvolving the orbits and superor
maxille. Marked tendemess over the fommen of exit and
numbness in the distribution of the involved nerve are the
sequelae

Peripheral facial palsy was found in 5 of 444 cases The
facial nerve may be involved along with the auditory nerve
in fractures through the petrous portion of the temporal bone
Facial weakness is rarely noted immediately after the head
injury, but develops after a lapse of several hours In one
patient, facial paralysis developed on the fifth day It is safe
to assume therefore that the fnjury to the facial nerve is due
to hemorrhage into the nerve sheath or to edema of the nerve
itsell. The paralysis, which is rarely complete, involves all the
branches of the faclal nerve I the nenve Is involved above
the point where the chorde tympanl leaves the facial nerve
(about 7 mm aboe the stylomastoid foramen ) there will be
loss of taste in the anterfor two-thirds of the tongue on the
affected side In most of these cases function begins to return
after a fess weeks and may be almost completel restored at
the end of twa or three months. If there is prolonged delay in
recoven or if electrical tests show @ complete reaction of
degenceration, the outlook for eventual recoveny s not good.
A facial the may develop during the perfod of nerve regenera
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tion  Most traumatic facial palsies 1cconer spontancously
However, while waiting for recoverv 1t is good practice £0
support the drooping comner of the mouth with a Y-shaped

Fic 68 Symmetrcal ning fracture of the base of the shull

adhesive strip This can be anchored to the head by means
of a metal band, or, in women, to the hair by means of a
heavy rubber band. Electrical stmulation of the myolved
facial muscles may be started as soon as the patient’s condi-
tion permits, and continued until function has heen restored.

The eighth cramal nerve 1s frequently mjured m head trau-
mata, particularly when there 1s an associated fracture
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through the petrous portion of the temporal bone Frequenthy
the faclal nerve is infured together with the auditory but the
latter may e Injured without any involvement of the factal
nenve

When the eighth nerve is injured assoclated with the hear
ing toss onc finds evidences of vestibular nerve dysfunction
such as spontancous nystagmus incoordination, tinnitus and
vertigo Dizziness which is so frequently present following
head fnjun fs in most instances probably due to cerebml
vasomator disturbances Nevertheless, tests of yestibular
function reveal various degrees of alteration from the normal
in a high proportion of cases The degree of hearing loss
varles from complete deafness to merel lessened acuity for
high tones. In 444 records analvzed there were 17 cases of
marhed unilaternl deafness and one of bilateral deafness In
the latter there was a symmetrical “ring fracture” of the base
extending into the foramen magnum (Fig 68)

Injuries to the remaining cranial nenves the ninth tenth,
clovonth and twelfth, are usually discovercd at autopsy since
the associated damage to vital medullary centers is ordinarth
incompatible with life
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CONVULSIVE SEIZURES FOLLOWING
HEAD INJURY

Convulsive seizures fiequently follow an mjury to the
bram. They may occur immediately after the trauma, or many
years later. Approximately 3 per cent of patients with major
head injuries develop convulsions withm the first few hours
after the trauma Seizures are especally prone to develop m
the presence of a depressed fracture of the skull in or near
the motor aiea However, convulsions may occur with fiac-
tures mn any part of the skull, and often when no fiactuie has
been sustamed It 1s difficult to determine which patients
will develop convulsions after a head mjury Probably other
factors in addition to the actual ttauma to the bram itsclf,
are mnvolved The basic status of the patient plays an impor-
tant role* those who have what may be called a “convulaive
dhathesis” are more likely to develop seizmes, the mechameal
myury to the biam bemg the preapitating factor In many
mnstances convulsive seizwes follow a head mjmy after an
mterval of many months o1 even many years It s difficult to
estimate the percentage of patients in this group with the
same degree of accuracy that 1s possible mn a large series of
patients who have convulsive seizuies immediately following
a head mjury, because m the latter mstance the seizmes oceur
while the patient 15 under observation m the hospital, or
shoitly before he 1s hiought to the hospital When, however,
seizures develop a considerable length of time after the m-
jury, contact with the medical agency fivst treatmg the patient
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frequently has been lost, The estimates thercfore, are unse-
liable percentages reported have varied from 10 to 30 per
cont The former figgure is probably a fairer estimate and Is the
one generally accepted

\MODE OF PRODUCTION

Convulsons are caused by an injury to the brain (Fig 69)
In those cases In which convulsions come on immediately
after the injury, it is nssumed that the cause is laceration
of the brain or subpml or intracerebral petechial hemor
rhages Where the convulsions appear later they are pro-
duced by the reparative changes which oceur in the bmin
following damage to it by trauma. In the repamtive process
connective tissue blood vessels and glial elements all play
a rdle. Microglia and histlocytes phagocytese the destroyed
clements The astrocytes (Fig 70) then proliferntc Blood
vessels become numerous in the injured area, and prohfern
tion of connective tissue follows thus forming a scar com
posed of glial and vascular elements, which £lls the defect
cnused by the trouma Later the scar contructs and since in
so mamy of thes. cases the injured portion of the brain is near
the surface of the cortex the connective-tissue clements in the
scar form adhiesions between the cortex and the overlying
meninges (Fig 71) When the scar contracts the bain i
pulled toward the polnt in the meninges where the attach-
ment Das taken place This point mav thereafter be a focal
point from which discharges may be set off precipitating con
vulsions Frequenth the location of the scar may bo sus
pected from the character of the seizures which may show
some evidenco of a definfte aura, or may indicate the foeal
origin by the initial movements with which the convulsions
start Not infrequently such foenl points are located directly
beneath an old fracture
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In many cases the head mjurv mav cause such diffuse dam-
age to the bram. by widespread petechil hemorrhages sur-
rounded with areas of softening, that reparative processes do

Fic 69 Cercbral scar followmng a gunshot wound of the head  This
}mhcnt was symptom-free until five years after the injury, when he began
wvmg generahzed comvulsions He died of pneumonia Note in addition 1o
the scar, the agonal subarachnoid hemorrhage

not form adhesions to the overlying memnges Instead, with
the contiaction of the diffuse scaning, the entire bram may
become atrophic. In cases of this type there 15 usually no
locahzing character to the seizures

When there 1s chimeal evidence of the evistence of a focal
pomt, the character of the seizures depends upon the location
of the scarring The scars most frequently causing Jacksonian
motor seizures are those found in o near the motor corten,
and m these cases the seizures are mstituted by movements
of that part of the body most closely represented m the cortey
adjacent to the scar Frequently, the seizures are houted to
the movements of that part of the body, but m maost cases the
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suspicion on the oceipital region. Olfactory hallucinations
preceding such convulsions bring the temporal Jobe under
suspicion
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Fic 71 Cerebral scar followmg a compound shull fracture The udhievions
hetween the cortes and overlying thickened dura arc made up of connectis e-

tissue elements and blood sessels

Such clmical suspicions should alwayvs be corroborated by
means of air injection. This procedure may show a dilatation
or prolongation of the ventricle toward the pomnt of adhesion
of the cortex to the overlying memnges, or may show a shift
of the entire ventricular system toward the scar (wandering
ventricle) In some cases evidence of corticomeningeal ad-
hesions 1s mamfested by the absence of air m the subarach-
noid space overlymg the involsed corte, In cases of diffuse
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brain damage the shrinking of the scars results in actual 10!
contraction of the eatire brain with an Increase in the size
of the ventricle and the subarachuoid space While at the
present time electro-encephalagraphy is of no great nid in the
localization of focal points m post traumatic convulsions it
offers great promise With further development in the knowl
edge of the thythm of the electrical potentials emanating
from the cortex and its alterntion by pathological processes
1t s concelvable that focal points may be aceurately detected
by a very simple process which subjects the patfent to no
discomfort

TREATMENT

The most valuable and most important treatment is that
tnstituted immediately followmg the hegd injury Depressed
fractures should be elevated at the carliest possible moment
Shoch when present should be treated ficst but as soon as
the patient recovers the depressed fracture should be ele
vated  Frequently, depressions can be palpated. Howeier
it must be remembered that a subaponeurotic hematoma may
confuse the dingnosis In palpating such a hematoma the
periphen is frequently fnn and the center soft, so that one
gains the impression that a depressed fragment of bone lies
heneath the center of the hematoma \ my examination of the
shull should therefore, be a routine procedure whenever a
depressed fracture is a remote possibilin When done care-
fully in patients who are not in shock, there is no added rish
Even when a depressed fragment can definitely be palpated
timically or actualh seen through a laceration of the scalp
aperation should be preceded by roentgenographic studies
in order to give the surgeon hnowJedge of the extent and type
of fracture Rarch there may be multiple depressed fractures,
espectally with multiple injuries
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Compound comminuted skull fractures should be thor
oughly débrided This includes besides the scalp and bone,
the underlymng meninges and cerelbrum. It has been shown
that the carly removal of traumatized necrotic tissue, leay ing
clean normal bram surfaces, markedly decreases the amom;t
of scarring, and therefoie dmmishes the incidence of post-
traumatic convulsions

Immediate cofrsewatxve ticatment 1s nnparlant as 4 pro-
phylanis In all cases of major head mjumy, absolute rest w
bed for at least three weeks 1s indicated The mmportance of
rest lies m the removal of undue strain upon the cerchral
vessels whose functions have been disoidered by the trauma,
and charactenized by the marked vasodhlatation secondary to
arteriolar trauma The stasis due to this paralysis of the vas-
cular bed causes some tissue anoxemia, and as Jong as the
rasoparalysis exists the perivascular areas of softemmng pro-
gress Absolute rest m bed aids the restoration of the normal
vascular funchon, and m some cases the vasoparalvsis may
completely recede without great bram damage

Sedatives should be used routincly after the patient has
regamed full consciousness, and should be mamtamed regn-
larly for a long period, depending upon the severity of the
ongmal trauma Any patient who has been unconscions for
more than half an hour followmg a head mjury should recenve
phenobarbital for at least six months,

Treatment, if the convulsions have already set m, is di-
rected toward removing any evistng focal pomt When chin-
1cal signs pont to a smgle focal area, and corroboration 1s
obtamed by encephalogiaphic studies, suigical atlack upon
that arca 1s mdicated The usual osteoplastic flap s turned
down over the suspected arca (Fig 72) The turmng back of
the bone flap must be done with extreme caution beeanse of
frequent adhesions hetween the dma mater and the bone



TR expfoed, The dupery the g,
cel A buttoy f bong a
Fepair tlnod:nlld-lm over tle “erebeaf poyp The pa

t Maineg g, of
oM alyrng " o
adhesiong Carefyly, Separgg a brajy Presents on g,
surfy 3 exeisnd Widel 4pq complete] equently g,



192 HEAD INJURILS

core of the sear extends down Lo the ventricle, and in theswe
cases, after the 1emoval of the scar. hice commumeation
should exist between the ventricle and subarachnowd space
All scanred areas are 1emoved, leaving a clean fiesh area of
normal bram tissue If the dura mater 15 markedly moh e
by the adhesive processes it should be 1emoved. The value of
replacing the dura mater with fascal transplants o1 foreign
bodies (cellophane or cargyle membrane), 15 questionable.
Leaving the dural defect as 1t 1s, and merel 1eplacmy the
bone flap seems to he equally, of not more, cffective

Occasionally nothmg more than corticodmal adhesions
arc found These should be carefullv sepaated. In some
cases, on reflecting the bone and dural flaps no gross abnor-
malities of the corten are visible Careful electrical stimulation
of the cortex may be helpful in produemg attacks wlneh
stmulate i all 1espects the clhimeal convulsions If a local-
ized arca 1s found. mn wlich stimulation consistentlv and re-
peatedly produces such an attack, and in which the ur-
rounding areas do not 1cact smmlarly, 1t should be excised.
preferably by a subpal 1esection

On turnmg back the flap the swgeon mav occasionally
see a locahzed area of vellow degeneration involving a siall
portion of one gvrus Such an aiea should be exversed Iy sub-
pral resection, particularle when suspicion pomts toward ths
as a focal point

Case 20 A male clerk, 25 vears of age. was mpured when,
while repamng a tire m the road, he was struck by a passing anto-
mobile He was taken to a hospital where he was found to have
a left hemiparesis He was unconscrous for several davs, After
a prolonged hospital stay he was discharged, still hemiplogse.
At home he began having tome and clonice serzures hegimnmg m
the toes of the left foot and spreading to the left Jeg. thigh, and

throngh the Teft upper extrematy. Occasionally the sewvares e
came generalized They maeascd m fregueney and severnty and
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were not influenced by sedative drugs He came under our care
abaut cighteen months ofter the aceident At this time he was
having several seizures daily Between attacks he had a “cramp-
Ifke™ feeling in the toes of the left foot. The left lower extremity
was powerless, and the left upper extremity practically so The
reflcxes on the left side were Increased with a left ankle clonus
and a left Babinski sfgn \ rav examination of the skull was
normal Encephalogram showed a slight dilatation of the right
Interal ventricle

Because of the focal nature of the convulsions, an exploration
was done under local anesthesia through a right parietal osteo-
plastic bone flap which estended to the midline When the
dural fiap was made adhesions between the durn mater snd the
cortex were found, corresponding to the motor foot arca. When
the adheslons were scparated an area of degenerated cortex
about 1 x 1.5 em was disclased. This wax deep yellow in color
and casily removed The patient made an unesentful recovery
IIo had three seizures on the first postoperative day but none
since (two years) Power returned rapidly in the left upper ex
tremity thigh and leg proving that the weakness before opera
tion was post-convulsive There was no return of motion in the
Jeft tocs or ankle and this was to be expected from the operative
findings Even though sedative drugs had no influence on the
sefzures before operation they were administered postopera
tivelv for several months as they should following every cranfot
omy for post tmumatie s fzures.

There is no justification for the indiscriminate excision of
a wide block of normal appearing bmin in order to effect a
communication between the ventricle and subarnchnoid
space Valuable brain fuuction mayv be interfered with by
such a uscless procedure which should be limited to those
cases in which the scarring 15 50 extensive that it actually ex
tends from the cortex down to the ventricle Following oper
ation the patients should he kept on phenobarbital or other
unti-convulsive therapy for at least two vears
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PROGNOSIS

It is impossible to predict which cases of head mjun will
have post-traumatic convulsions While the severity of the
mjury plays an mfluental rédle, it doces not follow that the pa-
tient with the most severe head mjury is most pione to the
deyvelopment of seizures. Simulatly, study of large series of
cases seems to indicate that the presence of convulsive seir-
ures 1mmediately following a head mjury does not mcrease
the mncidence of delaved post-traumatic convulsions. In cases
wheie focal scars are found and extirpated, the prognosis
must alwavs be guarded Following smgical exeision, scars
may agan form



Chapter XV
SURGICAL TECHNIQUE

The surgical treatment of head injuries requires cquipment
which is not always available in the general hospital Ade-
quate suction apparatus and a swtable electrosurgical unit
are essential The usual opernting table is suitable However
if the surgeon has his choice a table with a head picce espe-
clally designed for crantal surgery is desirable It is prefer
able to have as complete motility of the table as possible

The mstruments must include a trephine or a set consist
ing of a Hudson drill with perforator and burrs Various bone
forceps (rongeurs) consisting of small medium, and large
duckbills DeVilbiss or Montenovesi double-acting rongeurs
and Cushing decompression rongeurs are valuable aids
Gigli guides and saws are necessary for turning flaps Penos
teal clevators and flap elevators facihtate various procedures
Dural elevators and guides are required for incismg the dura
mater It Is important also to have a silver clip set to control
hemorrhage from vessels which are too large to control with
clectrocoagulation Finally the set should include ventricle
needles and various brain retractors For subtemporal decom
pression the Cushing retractors are of great value Surgical
supplics include cottonotd dental rolls bone wax cellophane
celluloid plates and sill sutures also saline solution and
nringes for irrigation (Figs 73 74 75 76)

Needless to say adequate lumination is important. Usu
ally even the most modem ov crhead lght fs fnadequate This
may be supplemented either by accesson focusing lamps or
by 2 headlight
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PROGNOSIS

It 15 impossible to predict which cases of head mjury will
have post-traumatic convulsions While the seventy of the
mjury plays an mfluential r6le, 1t does not follow that the pa-
tient with the most seveie head mjury 1s most prone to the
development of seizmies Sumilaily, study of large series of
cases seems to mndicate that the presence of convulsive sez-
wes mmediately followmg a head mjmy does not mcrease
the mcidence of delayed post-tiaumatic convulsions. In cases
where focal scars are found and extirpated, the prognosis

must always be guarded Following swmgical excision, scars
may agam form



Chapter XV
SURGICAL TECHNIQUE

The surgieal treatment of head injuries requires equipment
which Is not always avedlable in the general hospital Ade-
quate suction appartus and a suitable electrosurgical unit
are essential The usual opernting table is suitable However
if the surgeon has his cholce a table with a head piece espe-
cially designed for cranial surgery 1s dessmble It is prefer
able to have as complete motility of the table as possible

The instruments must include a trephine or a set consist
ing of a udson drill with perforator and burrs Varlous bone
forceps (rongeurs) consisting of small medium and large
duckbills DeVilbiss or Montenovesi double-acting rongeurs
and Cushing decompression rongeurs are valuable aids
Gigli guides and saws are necessary for turning flaps Perlos-
teal elevators and flap elevators facilitate various procedures
Dural clevators and guides are required for incising the dura
mater It is important alto to have a silver clip set to control
hemorrhage from vessels which are too large to control with
electrocoagulation T'mally the set should include ventricle
needles and vanous brain retractors For subtemporal decom
pression the Cushing retractors are of great value Surgical
supplics include cottonoid, dental rolls bone wax, cellophane
celluloid plates and silk sutures also saline solution and
svringes for wrdgation (Fgs 73 74,75 78)

Needless to say, adequate fliumination is important Usu
ally even the most modern o erhead hght is fnadequate This
may be supplemented either by accessony focusing lamps or
by a headlight
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PROGNOSIS

It 1s mpossible to predict which cases of head mjury will
have post-traumatic convulsions While the seventy of the
myury plays an mfluential 16le, 1t does not follow that the pa-
tient with the most severe head mjury 1s most prone to the
development of seizures Similaily, study of large seres of
cases seems to indicate that the presence of convulsive seiz-
ures immediately followmg a head mjury does not merease
the mcidence of delayed post-traumatic convulsions In cases
where focal scars are found and extpated, the prognosis
must always be guarded Followmg surgical exciston, scars
may agam form



Chapter XV
SURGICAL TECHNIQUE

The surgienl treatment of head injurles requires equipment
which is not always avaflable 1n the general hospital. Ade-
quate suction appamatus and a swtable clectrosurgfcal unit
are cssentinl The usual operating table 1s suitnble However,
if the surgeon has his cholce a table with a head piece espe-
clally designed for cranial surgery is deswable It is prefer
able to have as complete motility of the table as possible

The instruments must include a trephine or a set consist
ing of 2 Hudson drill with perforator and burrs Vanous bone
forceps (rongeurs) consisting of small medium, and large
duckbills DeVilbiss or Montenoves: double-acting rongeurs
and Cushing decompression rongeurs are valuable aids
Gigli gwides and saws are necessary for turning flaps Perios
teal elovators and flap elevators facilitate various procedures
Dural clevators and guides are required for incising the dura
mater 1t is important also to have a milver chip set to control
liemorrhage from vessels which are too large to control with
clectrocoagulation Finally the set should include ventricle
needles and varlous brain retractors For subtemporal decom
pression the Cushing retractors are of great value Surgical
supplics include cottonoid dental rolls bone wax, cellophane
celluloid plates and silk sutures, also saline solution and
svringes for irrigation (Figs 73 74 75 78)

Necdless to sny adequate illumination is important. Usu
ally even the most modern overhead light is inadecquate This
may be supplemented either by accessors focusing lamps or
by a headlight.

185



194 HEAD INJURIES

PROGNOSIS

It 15 impossible to predict which cases of head mjury will
have post-traumatic convulsions While the severity of the
myjury plays an mfluential rdle, 1t does not follow that the pa-
tient with the most severe head mjury 1s most prone to the
development of seizmes Simularly, study of large senes of
cases seems to indicate that the presence of convulsive seiz-
wes mmmediately followmng a head injury does not merease
the mcidence of delayed post-ttaumatic convulsions In cases
where focal scars are found and extirpated, the prognosis
must always be guarded. Following surgical excision, scars
may agam form



Chapter XV
SURGICAL TECHNIQUE

The surgical treatment of head injurles requires equipment
which is not elways available in the genersl hospital Ade-
quate suction apparatus ond a suitable electrosurgical unit
are essentinl The usual operating table is suitable However,
if tho surgeon has his choice a table with a head piece espe
cially designed for cranial surgery is desirable. It is prefer
able to have as complete motility of the table as possible

The instruments must include a trephine or a set consist
ing of & Hudson drill with perforator and burrs Various bone
forceps {rongeurs) consistng of small medium, and large
duckbills DeVilbiss or Montenovesi double-acting rongeurs
and Cushing decompression rongeurs are valuable aids
Gigli gudes and saws are necessary for turning flaps Perios
teal elevators and flap elevators facilitate various procedures
Dural elevators and guides are required for Incising the dura
mater It is important also to hase a silver clip set to control
hemorrhage from vessels which are too large to control with
clectrocoagulation Finally the set should include ventricle
needles and varlous brain retractors For subtemporal decom
pression the Cushing retractors are of great value Surgical
supplies include cottonoid dental rolls bone wax, cellophane
celluloid plates and silk sutures, also salne solution and
svringes for irrigation (Figs 78 74 75 78)

Needless to sav, adequate fllumination is important Usu
ally even the most modem overhead light is inadequate This
may be supplemented either by accessory focusing lamps or
by a headlight.
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The surgical team should consist of the operator a shatled
first assistomt and o second assistant We stress the fmpor
tance of an experienced first assistant becnuse of the undue

Fre. 76. Arrangement of fostruments and supplies on nurse s table in prepara-
ton for & cranlal operation

trauma that may result from inexperienced brain retraction
or unwise and unskilled suction with the bratn exposed The
first gssistant usunlly performs the suction duties which re-
quire skill in the use of the suction apparatus. The surgical
team 1s complemented by o surgical numse trained in the
handling of the materials used in brain surgery

All cranial operntions must be preceded by careful prepa
ration of the scalp The entire head is shaved closely prefer
ably shortly before the operntion so that accidental cuts do
not have an opportunity to become Infected After shaving,
the head fs thoroughly scrublied with scap water alechol
and ether Before draping, the ficld is prepared wath fodine
and aleohol

The brain will tolerate less trauma than ooy other organ
Bram cells that are destroyed are frrevocably lost and, there-
fore a thorough knowledge of cerebrul topography and the
phvsiology of the cerebral vascular system ts cssential if the
surgeon is to avold cellular disturbances or interference of
function due to an mipaired blood supph

~
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In addition to the knowledge the surgeon already has at
lus finger tips as a result of experience m general surgeny the
following neurosurgical principles should be observed He-
mostasis 15 of utmost importance The bramn does not tolerate
the loss of blood as well as other structures. By trnal and enor
neurosurgeons have found that the most effective manner
of controlling the extiemely vasculai scalp, in the first step of
any head opeiation, 1s to have both assistants press down
on the scalp on erther side of the projected shin mcision with
their finger tips (Fig 77) When the masion 15 made the
assistants “push down and pull apart ” With good assistance
the scalp wound 1s thus made to gape A bloodless ficld is
obtamed, and the cut edges of the galea are exposed Clamps
are then placed on the galea m parallel Ines, one side bemg
clamped at a time, the assistant pressing on the scalp until the
clamps can be reflected perpendicularly over the cut edge
By tlhis time the vessels of the scalp, all of wlnch course
thiough the subcutaneous tissues, are controlled without the
necessity of clamping and tymng each individual vessel. Bleed-
mg from the bone 1s controlled with bone wax

Bleeding fiom dural vessels 1s best controlled cither by
coagulation with the electrocautery or by the usc of silver
clips, depending upon the type of procedure Coagulation of
bleeding dural vessels tends to shrink the dura mater Where
a good dural closure 15 desirable eatensive clectrocoagula-
tion 1s contraindicated

Small bleeding vessels on the cortex can best be controlled
with least damage to the brain by covenng the aica with a
warm saline cottonoid wall-off More persistently bleedmg
vessels may require gentle coagulation, which 1s performed
by grasping the vessel with fine pomted forceps, and then
touchng the forceps momentanily with the electrode Large
cortical vessels are best controlled with silver clips  Less dam-
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age to cortical tissue results if the leptomeninges are first
nicked with @ sharp scalpel just betide the vessel at the point
where the clip is to be placed This permuts the lower half
of the clip to be slipped under the vessel without tmetion on
the surrounding meninges and cortex.

Persistent oozing from n large lacerated aren in the brain
can be controlled with cotton balls scaked in hot saline solu
tion and the application of slight pressure Finally the use
of muscle stamps obtained from the temporal or occipital
muscle may be resorted to This 15 particularly useful in the
control of bleeding from a tear in & sinus wall or from pac-
chienian granulations

The following procedures are those most commonly used
in traumatic cranial surgery

1 Trephine exploration

2. Elevation of a depressed fracture
3 Subtempoml decompression

4 Osteoplastic flap

TNETHINE EXPLORATION

Trephine exploration is used in exploring for an epiduml
or subdural clot When bleeding from a middle meningeal
vessel Is suspected the trephine openmng should be made
n the low temporal region about 2 em above the zygoma
The most common site for subdural hematomas is the junc
tion of the frontotemporoparictal areas on the ude sus
pected A vertical skin incision approximately 3 em in length
is made in such a manner that if a subtemporal decompres
sion s necessary it can be effected by lengthening the orig
inal exploratory incision The Incision is carried down to the
periosteurn Mastoid retractors are used to hold the skin
edges apart and this {s usually sufficient to control bleeding
from the scalp The perlosteum 1s then inclsed in a cruciate
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In addition to the knowledge the smgeon already has at
lus finger tips as a 1esult of expenience m general surgerv, the
following neurosurgical principles should be observed: Ile-
mostasis 1s of utmost importance The bram does not tolerate
the loss of blood as well as other structures By trial and error
newmosurgeons have found that the most effective manner
of controllmg the extiemely vascula scalp, m the first step of
any head operation, is to have both assistants press down
on the scalp on either side of the projected skm incision with
their finger tips (Fig 77) When the incision 15 made the
assistants “push down and pull apart” With good assistance
the scalp wound 1s thus made to gape A bloodless ficld 1
obtaned, and the cut edges of the galea are exposed Clamps
are then placed on the galea m parallel Iies, one side beng
clamped at a time, the assistant pressmg on the scalp until the
clamps can be reflected perpendicularly over the cut edge
By tlis time the vessels of the scalp, all of wlich course
thiough the subcutaneous tissues, aie contiolled without the
necessity of clamping and tymg each idividual vessel. Bleed-
mg from the bone 1s controlled with bone wax.

Bleeding fiom dural vessels 1s best controlled cither by
coagulation with the electrocautery or by the use of silver
chips, depending upon the type of proceduie Coagulation of
bleeding dural vessels tends to shrnk the dura mater. Where
a good dural closure 1s desirable extensive electiocoagula-
tion 1s contiamndicated

Small bleeding vessels on the cortex can best be contiolled
with least damage to the bramn by covermg the arca with a
warm saline cottonoid wall-off More persistently bleeding
vessels may require gentle coagulation, winch 1s performed
by graspmg the vessel with fine pomted forceps, and then
touchmg the forceps momentanily with the electrode. Large
corlical vessels are best controlled wath silver ehips. Less dam-
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age to cortical tssue results if the leptomeninges are first
mched with a sharp scalpel just beside the vessel at the point
where the clip is to be placed This permits the lower half
of the clip to be slipped under the vessel without traction on
the surrounding meninges and cortex.

Pursistcnt oozing from a large lacerated area in the brain
can be controlied with cotton balls soahed in hot saline solu
tion, nnd the application of slight pressure Finally the use
of muscle stamps obtained from the temporal or occipitel
muscle may be resorted to This is particulardy useful in the
control of bleeding from 2 tear in a sinus wall or from pac
chionian granulehons.

The followmg procedures are those most commonly used
in traumatic eranfal surgery

1 Trephine exploration

2. Elevntion of a depressed fracture
3 Subtumporal decompression

4 Osteoplastic flap

TREPHINE LXPLORATION

Trephine exploration is used in exploring for an epidural
or subdural clot When bleeding from a middle meningeal
vesscl is suspected, the trephine opening should be made
in the low temporal regron about 2 em above the zygomn
The most common site for subdural hematomas Is the junc-
tion of the frontotemporoparietal areas on the side sus
pected A ertical skin incision approimately 3 em in length
i made in such a manner that if a subtemporal decompres
sion is necessary it can be effected by lengthening the orlg
inal explorators inclsion The incision is carried down to the
periottcum  \fastoid retractors arc used to hold the skin
cdges apart and this ix usually sufficient to control bleeding
from the scalp The periosteum Is then Incised in & cruciate
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manner and separated from the skull by means of periosteal
elevators The opening m the skull may then be made either
with a crown trephine, o1 hy means of a perforator and
burt When the former is used, the center pr s allowed to
project bevond the level of the treplime edge, and by means
of successne pronation and supmation movements of the
forearm and hand, a groove 1s made m the skull by the
trephine edge The center pm 1s then wathdrawn and the
maneuver contmued until the operator feels the tiephme go
through the mnner table Irngation should be used sparmgh
to keep the bone moist during tiephmation The button of
bone 1s then removed Caie must be exeraised to avaid lacer-
ating the dura mater The sensation on gomg through the
mner table 15 unmistakable after experience 15 acquued. I
the 1mtial opening 1s made by means of perforator and burr,
the formen 1s placed m a ITudson brace and a hole then made
down to the mmner table The perforator 1s then replaced m
the brace by the bun, which 1s used to enlage the opening
In this latter maneuver, defimte resistance 15 encountered as
the bun goes thiough the inner table, so that with care there
1s very little chance of the burr shppmg through the open-
mng and mjuning the mtracranial contents After the bun
hole 1s made, the thin layer of bone usually has to be re-
moved with a joker o1 with forceps

When the mitial opening 1s made m the skull, an eprdural
hemorihage can be i1ecognized by the tvpical dak clotted
blood which tends to hermate through the opemng. In such
cases the exploratory trephmation 1s enlarged with rongeurs
to about the size of a silver dollar.

When extradural blood 1s not found the duma mater is
exposed as soon as the opemng m the skull 1 completed In
the presence of a subdural hematoma the dura mater has a
plum-blue color and does not pulsate The dura mater 1s
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then opened care being exercised to avoid injuring the un
derh ing leptomeninges and cortex. This Is best sccoraplishied
by maoking a superficinl inciston in the outer laver with a
sharp pointed scalpel (such as a Bard Parker No 11 blade)
The outer fayer of the durn mater is then grasped with mos
qunto forceps and by tmetion the dura is rafsed away from
the underlving leptomeninges and cortex Both Issers of
the dura mater may then be incised The opening is then
enlarged to expose an area of cortex the size of the bomy
apening

The greenish-blue outer membrane of the subdural hema
toma is disclosed on opening the dura mater This membmne
is incfsed and the contents of the hematoma ara removed by
suction and irtigation Following this the brain usually ex
pands to abliterate the subduml space If the subdural hema
toma consists of firm clot the exploratory opening must be
enlarged to permit its removal with brain spoons curettes
suction and frrigation A rubber tube drafn is placed wnder
the dura mater and the wound closed in lnvers with inter
rupted silk sutures

ELEVATION OF DEPRIMSED SKULL FOACTUNE

The procedure employed in the elevation of simple de-
pressed skull fractures depends upon the tspe of depression
Evens cffort should be made to save the bone fragments
unless they are contaminated or badlv comminuted In the
usual type of depression a relatively small sealp inciston suf
fices This should be made over the border of the depression
A small bont opening is then made to oue side of the de
pression to permit the Introduction of an elevator under it
If there is an exposed ndge of bone at the border of the de-
pression the opening can be made by sepeated small bites
with ronguurs A flap ¢levator Is then engaged through the
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opening and the depressed fragment carefullv hfted bhack
into place Closure 1s completed with closelv placed mter-
rupted silk sutures for the galea and for the skin Drainage
must not be used

SUBTEMPORAL DECOMPRESSION

A 7 cm lmear incision 15 made extending upward and
backward fiom a pomt 1# cm. antenor to, and a simlar dis-
tance above the tragus of the ear (Fig 78) Hemostasis is
obtammed by tourmqueting the area with the assistants’ fingers
(Fig 77). Clamps are then placed on the galea and 1eflected.
thus freemng the assistants’” hands (Fig 79) A similar inci-
sion is then made m the temporal fascia It is wise to mahe
this % to 1 ecm posterior to the sk mecision to pernit im-
brication during closure The fascia 1s then freed from the
undeilymg muscle mn order to gam more mohhzation and
facilitate 1ts closmie A siular maision 1s then made through
the temporal muscle down to the squamous portion of the
temporal bone This meision 1s made dnectly opposite the
skim mecision, and 1f the obliquity of the ongmal incision 1
correct, the muscle mecision 1s m hne with the muscle
bundles, and usually attended by very little bleeding The
muscle 1s separated fiom the bone with penosteal dissectors
until a bony area 7 em n diameter 1s exposed. A hole
then made m the temporal bone with a tiephine or a per-
forator and burr This openmg s best made m the upper
posterior part of the wound to prevent injurmg the middle
menmgeal artery or one of 1ts branches, smee the control of
its bleeding 1s difficult at this stage.

The skin, subculancous tissue and muscle are retracted
with Cushmg decompression retractors or self-retaning re-
tractors, and the opeming m the bone 1s enlarged with yon-
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openng and the depressed fragment carefully hifted hack
into place Closure 15 completed with closely placed wter-
rupted silk sutures for the galea and for the skin. Dramage
must not be used. )

SUBTENIPORAL DECOMNPRESSION

A 7 cm lincar meision 15 made extendmg upward and
backward from a pomnt 1!} em. anterior to, and a sumilar dis-
tance above the tragus of the car (Fig 78). Hemostasts 1o
obtamed by tourmqueting the area with the assistants” fingers
(Fig 77) Clamps are then placed on the galea and 1eflected,
thus freemg the assistants’ hands (Fig 79). A similar mo-
sion is then made m the temporal fascia It 15 wise to mahe
this % to 1 em posterior to the skin mesion to pernat im-
brication durmng closure The fascia 1s then freed from the
underlying muscle in order to gain moie mobihization awd
facibtate is closure A similai incision 1s then made throngh
the temporal muscle down to the squamous portion of the
temporal bone This mesion is made duectly opposite the
skin meision, and 1f the obliquity of the ongmal meision 1
correct, the muscle meision is m Jme with the muscle
bundles, and usually attended by very ittle bleedmg The
muscle 1s separated from the hone with penosteal dissectors
until a bony area 7 em m diameler 1 exposed A hole 1
then made m the temporal hone with a trepline or 4 per-
forator and burr. This openmg 18 best made m the upper
posterior part of the wound to prevent mjurmyg the nuddle
menmgeal artery o1 one of its branches, since the control of
its bleedmg is difficult at this stage.

The skin, subcutancous tissue and muscle are retracted
with Cushing decompression retraclors or self-retainmg re
tractors, and the openmg w the bone 1 enlarged with ron-
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geurs (I1g SO} In buting downward toward the base of the
] 1 k] ) 3

mddle fossa, the mddle menmgeal artery and i< hranches
should be watched for Fiequently the vessel s enconntercd

Fie 80 Temporal muscle and fasan retracted wath selleretaming e
tractors The openmg in the shall made with the trephuns or Thideon dodl
15 enlarged wath rongenrs

Fic 81 The bomy opening s comploted expoung the dura This i
opuned by carefulls ncising the onter dural Twyer with a <harp ponted
scalped and then grasping and retracting the cat edy aw yy from the eortaa
with o small mosquto ¢himp - The dural opeming 1< then complete d by
cismg the muer Dyer after which a blunt dural guide can b prsed and
the masion enlrged m all dircctions

m a twmel m the hone, and bleedmg from at can be con-
trolled with bone wav After a bony openmg approsunately
7 em in diameter is made, the edges are evened as well as
possible with small bone forceps (Fig S}, The dura mater
1 then exammed The absence of pulsation denotes mereased
mtracranal pressure The dura mater s palpated hefore it
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bram damage 1s to be avoided. If the brain cannuly iv i
serted upward, backward. and mward the ventricle mav he
reached at the junction of the temporal and postenior hom
with the body of the ventricle The fluid is altowed to escape
slowly. Tts pressure may be measured by attiching a water
manomeler.

When the dura mater 1s not under tension it 1s opened
widely m a stellate manner (Fig. 82). using care to avoid
mjury to the bran and its vessels. Smce the dura mater is to
be left wide open, bleeding from the dural vessels can be con-
trolled by the electrocautery. Sponging of the dura mater
and bram 1s done with cotton pledgets moistened i warm
saline

When all bleeding 1s controlled, the wound is closed
lavers (Ing 83), using mterrupted black silk for muscle,
fascia, galea and sk The most important laver m prevent-
ing unsightly hermation 1s the fascial layer, and special care
is taken to nsure a firm closure of this layer.

OSTrOPLASTIC T'LAP

The projected flap 1s outlined on the prepared sealp by
seralchmg with the pomt of a scalpel. The flap as outhned
so that the base contams an adequate arterial supply. In mos!
cases the base 1s mn the temporal region, assuring an adequate
blood supply. The incision 19 made m stages, the assistants
controlling hemorthage by pressure of the finger iy on
enther side of the incision. Usualls three stages ave reguired
to complete the scalp incision Clamps are used on the distal
galea. Tt will be found of mechameal advantage to apph
Michel chps to the flap side of the mcison, This will make
it casier to handle the reflected flap, <ince when climps e
used on the flap side they must be supported and Fept ont
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of the way by an assistant With the scalp incision made the
periosteum is incised and freed from the bone with periosteal
clevators For the average flap five burr holes or trephine
apenings aro the idea) number These are so placed that a
guide can easily be passed to conncct them Two of the
holes in the bone are made at the extreme ends of each limb
of the flap The basc of the flap is then prepared for fracture
by Diting mesially for a distance of 1 to 2 em from each of
these holes with Montenovesi or DeVilbiss bone forceps If
bleeding occurs it may be controlled by packing with gauze
or bone wax or both The bone flap is then completed by
connecting the hurr holes with saw cuts This is accom

plished by passing a saw gurde between consecutive burr
holes, attaching the Gigli saw to the guide and drawing ft
through Handles are then attached to the ends of the saw
and the bone cut through Dummg the sawing the guide
should be left in place between the bone and the dura mater
to avold {njury of the latter structure The saw cut is made
at an acute angle to the plane of the skull so that a beveled
edge results This permits the flap to be replaced securely

When the saw cuts are completed the flap 15 ready for eleva

tion The coordination of the team is cssential at this point
to prevent undue loss of blood. The second asuistant places
his knuckles firmly across the base of the flap The operator
then places a flap elevator under the flap along the limb
nearest the first assistant who supports it while the operator
places a second elevator under the flap at its vertex and pries
the flap open It may be necessary to grasp the flap with the
fingers in order to fractuse the bone flap ot its base In doing
this the operator should be on the watch for adhesions be

tween the dura mater and the bone if they are present they

must be separated to prevent lnceration of the dura mater

s the flap is broken the middle meningeal arters or one of
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bramn damage 1s to be avoided If the bramn cannula 1s m-
serted upward, backward, and mward the ventrcle may be
reached at the junction of the temporal and posterior homs
with the body of the ventricle The fluid 1s allowed to escape
slowly Its pressure may be measured by attaching a water
manometer

When the dura mater 1s not under tension 1t 1s opened
widely m a stellate manner (Fig 82), usmng care to avoud
mjury to the bramn and 1ts vessels Smce the dura mater 1s to
be left wide open, bleeding from the dural vessels can e con-
trolled by the electrocautery Sponging of the dura mater
and biamn 1s done with cotton pledgets moistened m warm
saline

When all bleeding 1s controlled, the wound 1s closed m
layers (Fig 83), using mterrupted black sk for muscle,
fascia, galea and skin The most important layer m prevent-
ing unsightly herniation 1s the fascial layer, and special care
15 taken to msure a firm closure of this layes

OSTEOPLASTIC FLAP

The projected flap 1s outhned on the prepared scalp by
scratching with the pomt of a scalpel The flap 1s outlined
so that the base contans an adequate arteral supply In most
cases the base is i the temporal region, assurning an adequate
blood supply The mcision 1s made m stages, the assistants
controlling hemorrhage by pressure of the finger tips on
either side of the mcision Usually three stages are required
to complete the scalp masion Clamps are used on the distal
galea It will be found of mechanical advantage to apply
Michel clips to the flap side of the meision This will make
it easier to handle the reflected flap, smce when clamps are
used on the flap side they must be supported and kept out
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of the way by an assistant With the sealp Incision made the
periosteum is meised and freed from the hone with periosteal
clevators. For the average flap five burr holes or trephine
apenungs are the jdeal number These are so placed that a
guide can easfly be passed to connect them Two of the
holes In the bone aro made at the extreme ends of each limb
of the flap The base of the flap is then prepared for fracture
by biting mesially for a distance of 1 to 2 cm from each of
these holes with Montenovesi or DeVilbiss bone forceps If
bleeding occurs it may De controlled by packing with gauze,
or bone wax, or both The bone flap is then completed by
connecting the burr holes with saw cuts This is accom

plished by passng a saw guide between consecutive burr
holes attaching the Gigli saw to the guide and druwing it
through Handles are then attached to the ends of the saw
and the bone cut through During the sawing the guide
should be loft in place between the bone and the dura mater,
to svoid injury of the latter structure The saw cout is made
at an acute angle to the plane of the skull so that a beveled
edge results This permits the flap to be replaced securely

When the saw cuts are completed the flap s ready for eleva

tion The coordination of the team is essential at this point
to prevent undue loss of blood The second assistant places
his knuchles finmly across the base of the flap The opemtor
then places 1 Bap clevator under the fap along the limb
nearest the first assistant who supponts it while the operator
places a second elevator under the flap at its vertex and pries
the flap open It may be necessary to grasp the flap with the
fingers in order to fracture the bone flap at 1ts base In doing
this the operator should be on the watch for adhesions be

tween the dura mater aud the bane If they are present they

must be scparated to prevent laceration of the dura mater

As the flap ks broken the middle meningeel artery or one of



208 HEAD INJURIES

its branches may be torn, and 1t 1s urgent that any bleedmg
be controlled at once This 1s usually best accomphished with
silver chips Pacchionman bleedmg 1s temporanly contiolled
by pressure, after covering the oozing pomts with cottonoid
wall-ofts Bleeding from bone 1s controlled with bone wax
The fractmied rm of the flap 15 then evened with 1ongeurs
The entire bone and scalp flap 1s then wiapped m salme-
soaked gauze and 1eflected away fiom the exposure Acute
angulation of the scalp should be guaided agamst m orde:
to msure adequate blood supply to the flap durmg the
operation

Attention 1s next duected to the dwa mater The pacchio-
man oozmg is best controlled by electrocoagulation, or if the
bleeding 1s more profuse, placmg of muscle stamps 1s ad-
visable Bleeding from small vessels 1s usually easily stopped
with mild momentary electrocoagulation The dry dura mater
should be carefully mspected and palpated for abnormalities
Changes m color o1 tension aie sigmficant of underlyng
abnormalities If the duia mater 1s extiemely tense, mcising
it may 1esult m hermation and rupture of the undeilymg
cortex, and for this reason effort should be made to dimmish
the mtracramal tension bv mtavenous hypertonic fluids,
caffeme sodium benzoate, or ventricular punctuie It may
be necessary to 1esort to lumbar puncture When the dura
mater 1s not tense 1t should be opened widely, care bemng
exercised to avoid mjumg the cortex o1 cerebial vessels
This can be accomphished by the use of dural guides and pro-
tecting, saline-soaked, wall-offs In 1eflecting the dural flap
one must search caiefully for corticodural adhesions smce
sudden traction on them may cause coitical mjury and blecd-
mg difficult to control

The biam 15 then carefully mspected The color and s1ze
of the gvri are noted Wath mtracerehial clots the overlymg
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gyn are widened and daskly discolored The susplcious area
i+ gently palpated and differences in consistency and resist
ance noted, The character of localized pathological proc
esses can further be determined by needle explortion The
overlylng pia and cortex is nicked and a cannula inserted
Change In resistance 15 noted A eystic lesion is easily de-
tected by the escape of fluid from the cannula

Having ascertained the depth and something of the char
acter of the lesion, it is ready for further surgfeal attach by
transcortlea} inclsion This mcision should be made where
the lesion is nearest the surface of the cortex. By making it
through the center of o gyrus, hleeding is miniratzed First
the pin mater and cortex are gently coagulated along the
line of the profected incision The incislon is then made, if
possible at right angles to the central sulcus to avoid pres
sure on the motor area in brain retraction The electric scalpel
Is used to make the incision which is extended down to the
leston by blunt dissection with fine polnted forceps or brain
retractors

Intmcreninl clots can be evacuated by gentle traction with
blunt forceps or pituitary forceps The clot may be lamel
lated. It is usualls surrounded by a brownlish glial membrana
which mas appear at operation lke tumor tissue, and make
the operator feel that he is dealing with o hemorrhage fto
a tumor However the brain tissue beyond the wembrane
appears unlihe tumor tssue, and subsequent microscopic
«xamination shows it to bo a glial reaction to the hemorrhage,
containing considerable blood pigment.

When the clot has been completely removed and a biopsy
specimen of the capsule taken for microscopic examination
{to rule out tumor) all bleeding points are carefully con
trofled and the wound closed. The dura mater Is closed with
interrupted fine black sitk sutures When this closuse is com
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plete, the dura matex will usually be found to be relaved and
1t is wise to anchol 1t agamst the mne layer of the skull by
placmg several sutures between 1t and the galea at the bun
holes This will lessen the maidence of postoperative cx-
tradural hemonhage The bone flap 15 then replaced and
closure completed usmg mterrupted fine black sitk sutures
for galea and skin We prefer to leave a split rubber tube
dram between the dura mater and bone, emerging from the
wound through one of the posterior burr holes The dram
1s removed after twenty-fowm hours Careful closure of the
galea 1s essential The sutwes should be placed about 1 em
apart The skm sutures should be tied fairly loosely to per-
mt some shpping, m oider to prevent tissue strangulation
when the scalp becomes edematous The sk sutures aie
usually removed after forty-eight howms

In cramotomy for post-traumatic adhesions or porenceph-
aly, extreme caution must be exercised m 1eflecting the bone
and dural flaps and n separating dural and leptomenmngeal
adhesions, so that undue trauma and hemorrhage may be
avoided All adhesions are carefully separated Post-traumatic
seizures m these cases aie lessened or cured by carefully
freemg the adhesions between the cortex and the dura mater
Electrocoagulation should be used sparmgly If a porenceph-
aly 1s present, some neuwosurgeons feel a commumecation
should be estabhshed between the ventrcular system and
subarachnoid space through the porencephalic cyst. Often
a strip of cellophane 1s placed over the cortex which has heen
adherent to the dura mater, m an effort to prevent the adhe-
stons from recurrmg Fiequently the dura mater may have
a large defect, and mn these cases the defect should be re-
pared with fascia obtained from the temporal muscle or
from the thigh Occasionally, one may have to perform a
cramotomy for post-traumatic Jacksoman attacks The m-
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volved area is exposed and the existing cause removed The
latter may be ndhiesions or degenerated brain When adhe
stons are present they should be removed If the area is
yellowish a subpial resection should be carrled out If no
gross pathological change con be seen the excitatory aren
can be localized by clectrical stimulation (the area is found
which on electrical stimulation provoles the characteristic
nttach which the patient experienced clinically }, and excised.

In osteaplastic craniotomies performed to repair dural
tears in fractures involving the paranasal sinuses with rhi
northen and pncumencephalv, the scalp incision may be
altered somewhat as suggested by Frazier In this type of
astcoplastic craniotomy the scalp incislon is a trdangular one
The triangular scalp flap s dissected off the bone aud re-
flccted anterolaterally The bone flap can then be made in
the usual maoner and reflected laterally In transfrontal
flaps x ray examination must be made to measure the fron
tal sinuses and theso sinuses must be avorded in forming
the bone flap The dura mater is then exnmined for tears
H the tear or tears are of such a character and in such a pos
tion that suture is possible this should be done with fine
sith. If stmple suture is not adequate, the defect should be
repaired with foscla obtained from the temporal muscle

In closing the transfrontal flap an cffort should be made
to suture the periosteum as carefully as possible Hemor
rhage should be controlled on the under surface of the scalp
before it is sutured or healing mny be delayed Unless me-
ticulous hemostasts is obtained it is best to leave a drain
between the scalp and bone for twenty four hours

VENTIICULOGRAPHY

The replacement of ventricular fuld by air is done with
the brain cannula in 2 dependent portion of the ventrieular
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system The techmque for frontal and occipital ventricu-
lography will be given

In all cases 1t 1s best to prepare the entne head

Fic 84 Patient m position for frontal \entricular puncture The cere-
bellar head-rest 1s m the reverse position (Gross and Elrlich, Archives of
Surgery, 39 122, 1939 )

Firontal Ventriculography

The patient 1s placed m the prone position with the head
extended m the cerebellar head-rest which 1s reversed for
this procedure (Fig 84) A 3 cm skm macision is made just
withm the hair line (10 to 12 cm above the glabella), about
2 cm. fiom the mdline and parallel to it.

The skm and subcutaneous tissue 1s retracted with mastoid
self-retaming retractors A burr hole or trepline opening 1S
made m the bone The dura mater 1s then opened with a
cruciate meision, avoiding mjury to the cortesn o blood ves-
sels The pia mater 1s micked 1 the middle of a gyrus and
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Closure 1s done with fine black silk for galea and skin. The
dura mater 1s left open The patient 1s then taken directh
to the x-ray department where the films are taken

Posterior V. entrzculography

In posterior ventriculography, the patient 15 mmobilized
on the opelating table m a supine position with the head
sharply flexed by means of a dental type of head-prece placed
agamst both mastoid bones The burr holes are then placed
7 cm above the external occipital protuberance and 3 cm
to either side of the midlne (In 1ight-handed mdividuals
the first opening 1s made on the right side ) The skin meision
should be a verticle one m order to obtamn least hemonhage.
After the dura mater 1s opened and the pia mater nicked
with a sharp-pomted scalpel 1n an avascular area, the can-
nula is mserted with its pomnt directed toward the glabella
The ventricle 1s usually entered at a depth of 6 to 8§ cm, at
the junction of the posterior horn and the body of the ven-
tricle The mterchange of air and fluid 1s then carried out
To empty adequately the ventricular system, it may he
necessary to lower the head of the table m orde:r to depress
and make more dependent the side wheie the cannula en-
tered the ventricular system As in frontal ventriculography,
if there 1s any question as to communication between the
ventricles, bilateral ventriculography should be performed
With the completion of the mterchange of air for flmd, the
procedure 15 termmnated n a manner smmlar to that de-
scribed for fiontal ventriculography.

ENCEPITALOGRAPIIY

The procedure consists of the spinal msufflation of an mto
the cerchrospmal flmd pathways Pieparation of patient for

encephalography mcludes
1 T.ocal anesthesia i adults
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9 Avertin anesthesia n children or noncooperatihe
adults

3 Enema the previous night

4 Nomeal immediately preceding the procedure Noth

ing by mouth for four hours prior to encephalographt

5 Atropine 000075 Gm (gr 1/80) by hvpodermic in
fection 15 minutes before

The procedure Is carried out in the department of radiol

ogy The patlent is scated on a bench with the forehead

resting against a verticle Pottor Bucky diaphragm If a spe

cial chair is available (Figs 86 and 87) the procedure s

simplified and the patient is more comfortable A lumbar
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puncture 1s performed with the patient m this posiion Qnh
one needle 1s mserted and a 1eadmg of the ce:ebrospm:;l
fluad pressure 15 obtamed by attaclnng a water manomeloer

Fic 87 Encephalographic chair n use The patient’s head fits comfortably
m the cerchellar head-rest which was adapted to the char by memns of
the metal cross bar

It 15 unnecessary to repeat pressure readmgs because 1t has
been shown repeatedly that at no time durmg the procedure
15 the original pressure exceeded except i response to cough-
ing or strammg Air or ovygen may be used for mjection.
When encephalography 1s only occasionally performed, 1t 15
just as well to use ar smce the use of ovygen requires
shghtly more elaborate equipment, and the difference he-
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tween the two is not marked enough to warrant the addi
tional expense

Atmospherfc air is sucked into o sterile 20 cc syringe
through many thicknesses of sterfle gauze In order to avoid
possible contamination by air bome particles The first 10
cc of cerchrospinal fluid 1s slowly remmed. The fluid s
never suched out but is allowed to push the plunger out of
the syninge by fts own pressure The symnge is never at
tached directly to the needle but the two are connected by
a plece of rubber tubing 4 cm n length This makes the
comuection flexible, and prevents displacement of the point
of the needle during the procedure. By compressing the tube
with the thumb and forefinger the use of a stopcock is
avoided After the removal of the first 10 c.c. of fluid 5 c.c
of afr Is Infected at approximately the same rate of speed as
the fluid escaped The mterchange of the afr and fluid is
then carried out with 5 c.c of each at a time.

After 20 ce of wr have been injected postero-anterior
x mmy fitms of the skull are taken aund sufficient air is vsually
present in the ventricles to permit an estimation of their size
The procedure is continued as the film is being developed
and it is usually ready for viewing by the time 50 to 60 cc
of mir have been injected When the ventricles are of normal
size 65 e.c of air 1s generalh found to give suftable enceph
alograms Large \entricles require more air marked hvdro-
cephalus is usually well «isualized after the mjection of 120
to 140 cc. of air It is not necessary to empty the cerebro-
spmal fuid passagewavs since the replacement of the esti
mated 75 cc of fluld in the spinal canal does not aid in
securing better encephalograms.

The xrav exposure should be made in the upright post
tion immediateh after the infection of air Antero-posterior
postero-antenor and laternl stereoscopic views of cach side

-
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should be taken and then the entue procedure repeated
with the patient m the horizontal position \With this series
of films good visualization of the entire ventrcular svstem

Fic 88 Normal encephalogram Note lateral ventncle, third entricle,
aqueduet of Syhaus, and cisterna magna

(Fig. 88), the cerebial suler and subarachnoid cisterns can
be obtamed, and special posturing 1s not necessary

ANLSTHESIA

The type of anesthetic drug and sts method of admmshia-
tion are of pmamount importance m carrymg oul surgical
procedures upon patients with acute head mjuries In most
mstances circumstances prevent complete preparation or
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study of the patient the time clement frequently being an
important factor in the prognosis The enesthetic drug chosen
must therefore be safe for all patients regardless of age or
preedsting organic disease

The mcthod of administration too must be atiended with
munmal risk, not only during the operation but also in re-
gard to complications during the postoperative period Smee
inhalation anesthesia is accompanied by asphyxia and ex
citement during induction it is contraindicated

1t is evident, then that local anesthesia is the method of
cholca whenever possible. In comatese or deeply stuporous
patients it is a simple matter to bloch the operative field by
Injecting a 1 per cent procain solution or some other anes
thetic drug into the surrounding subcutaneous tissues This
should be done even if the patient is m profound coma at
the time of operntion since in favorable cases the state of
consciousness may so improve during the course of the oper
ation that painful stimuli may be perceived

In restless or uncooperatite persons preoperath e sedntion
or basal anesthesia may be required before the local an
esthetic solution 15 Infected. Sodium pentobarbital (nem
butal) iz doses of 0210 0.3 Gms (gr 3to gr 4%) given about
one and one-half to two hours hefore the time of operation
is on excellent drug for this purpase When more rapid
action is desired, tribromethanol (avertin) may be ghen by
rectum This drug is so rapidly absorbed that its offects are
cvident within a very short period It should be employed
ouhs as a basal anesthetic, the dose not exceeding 80 mg
per hlogram of bady weight and its preparation and ad
ministration entrusted to one wha has had experience with
its use

The sensony nerves supplving the sealp are derbed from
the trigeminal nerve and con feal plexus {Chapter I} These
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nerves emerge from the galea and become subeutancous
approximately along a Ime extending fiom the glabella to
the external occipital protuberance. The anesthetic solution
should therefore be mjected mto the subcutaneous tissue sur-
rounding the operative field, and not below the galea. In the
temporal and suboccipital regions wheie the skull 1s covered
by muscles, the anesthetic solution must be myjected into the
muscles to obtain complete anesthesia

One per cent procam solution 15 used routmely Ordmnanly
the solution 1s made up without the addition of adienalm,
smee the latter drug may cause a marked nse m blood
pressure.

For débrnidement of scalp lacerations o1 compound shull
fractwes, o1 the elevation of depiessed skull fractures, the
anesthetic solution 1s mjected m a narrow band surrounding
the operative field For subtemporal decompression the in-
jection 1s made m the hne of the proposed mcision and mto
the temporal muscle



Chaprer XVI

COMPLICATIONS AND SEQUELAE OF
HEAD INJURIES

Other complications of head injuries not previoushy dis-
cussed may be divided into the early and the late, the fre-
quent and the unusual The psvchiatric aspect of head in
Juries requircs o volume by itself and only o brief outline
can be presented in a work devoted to the acute phases of
head injuries.

Among the earh but more or less unusual complhentions
are traumatic arterios enous aneurysm of the internal caratid
artery spurfous tmumatic meningocele dinbetes instpidus
and subcutaneous emphyiema.

ARTERIDVENQUS ANEURYSM OF THE INTERAAL
CAROTID ARTERY

Fractures of the middle cranial fossa extending into the
sphenoidal fissure may produce a tear fn the intemal carotid
artery as jt trm erses the cavernous sinus A divect communi
cation betwecen the arterial and venous svstems fs thus estab-
lished and results in an arterlovenous aneurysm or fistula
The symptoms depend upon the lesion itself the proximity
of the optic oculomotor trochlear and abducens nerves and
the ophthalmic division of the trigeminal nerve and also to
the interfcrence with venous retum from the ophthalmic
vein which empties directh Into the cavemous sinus

The lesion ftself is productive of a swishing intracranial
bruit svnchronous with the pulse This distressing symptom

221



222 HEAD INJURIES

followmng a head myury 15 a clue to the diagnosis. The bruit
can be heard with a stethoscope placed over the temporal
region or over the eye on the affected side, and can he oblit-
erated by pressure on the common carotid artery m the
neck The eye signs are of great importance The globe pul-
sates and 1s proptosed ( pulsatng exophthalmos) There i
usually marked mjection of the conjunctival vems as well
as the vems of the eyehds Ocular movements are greatly
dimmished or absent dependmg upon the degree of mpatr-
ment of third, fourth, or snth nerve function Ophithalmo-
scopic examination reveals maiked congestion of the retinal
veins and swelling of the optic disc

The treatment of traumatic arteriovenous aneurvsm con-
sists of digital compression of the carotid aitery followed by
hgation At first the artery 1s compressed for a few minutes
every three or fom hous. The compression is gradually pro-
longed When the patient 1s able to tolerate compression for
an hour three or four times a day, the arterv may be hgated
This should always be done under local anesthesia so that
the state of consciousness and power of the opposite upper
and lowe:r extremities can be watched If any untoward signs
or symptoms develop, the higature 1s cut at once If prehnm-
nary compression has been carried out long enough, perma-
nent hgation of the common o1 mternal carotid artery 1s safe
A double-wased silk sutwe 15 used for the puipose Follow-
ing this the bruit ordimanly dsappears at once and the other
symptoms gradually clear up.

SPURIOUS TRAUMATIC MUNINGOCLIL

A subeutaneous collection of cerebrospinal flmd following
a fracture of the skull 1s known as a spurious traumatic men-
mgocele (Fig 89) It occurs without laceration of the scalp



COMPLICATIONS AND SEQUELAE 223

but with o tearing of the dura mater by 2 bone fragment
Evidence of a fracture of the vault and the presence of fluid
under the scalp are dingnostic. In many cases it is difficult
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Fic. 89 Spurh

aspiration oc other -ll:dt:;m cleured v without
to differentiate spurious memngocele from hematoma, though
in the latter there {s unally a surrounding ratsed edge Col
lections of fluld under the scalp should not be incised or
aspinted since they are absorbed sooner or later and inter-
vention invites infection

TRAUMATIC DIABETES INSIfIDUS

Rurely following head injury  the patient deselops an
Cveesstve thint and excretes large amounts of urine of a low
specific gravihy This unusual disturbrnee of water metabo-
lism is due to injury of the hvpothalamus which is more likeh
to e tmumatized in fractures of the middle craninl fossa
Injections of pituitrin control the polvdipsia and polyuna
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Repeated hypodernic mjections of 1 ¢ c. are needed as long
as the disturbance evists )

SUBCUTANEOUS EMPHYSEMA

Subcutaneous emphysema 1s unusual after head injurics.
This phenomenon may ocew when a fracture of the shull
extends mto the frontal or ethmoid sinuses and permts ar
to escape mto the subcutaneous tissues of the forchead and
face It can be differentiated fiom gas bacillus mfection by
its appearance immediately after the mjury and 1ts benign
coutse The air 1s absorbed from the subecutancous tssues
spontaneously

TRAUMA AND MENTAL DISEASE

Mental aberrations frequently accompany head wmjuries
In most cases they are of a temporary nature and clear up
promptly when the state of consciousness returns to normal
Complete amnesia for the accident and the eveuts preceding
it (retrograde ammesia) may occur In a severe njury, as
consciousness returns delrum often replaces coma  Con-
fusion, resistiveness, and marked restlessness which is fie-
quently refractory to all forms of sedation, accompany this
acute traumatic delnwm It usually cleais up m a few days,
but m some cases may persist for a month or longer The
patient may remam confused and disoriented for many
weeks During his wakeful periods he may be very nasy
and resishive At times 1t 1s difficult to keep clothes on such
a patient Incontinence is a frequent complication QOcca-
sionally the delinum and the restlessness are so severe that
the patient ches of exhaustion. The treatment of these sviup-
toms often taves the resources of even the most experienced
therapist Most important 15 adequate and shillful nursing
care. Eaternal sumul should be reduced to o mmmmum, The
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tendency of attendants and members of the patients family
to talk to him must by, curbed Eserything must be done to
insure the patient s comfort. The room should be darkened
and properly ventilated The patients bowels bladder and
shin must be properly attended to Restraints should be
avorded unless they arc absolutely necessary to prevent the
patient from harming himself Sometimes herolc measures
are justified and the administration of avertin mav be re-
quired to control a patient who would otherwise exhaust
himself When these patients recover thes have an amnesia
for the period during which they were delirfous and con
fused They are at first completely disoriented Frequent
mood fuctuations oceur so that euphoria and depression
alternate fn rapid succession Excitement in some cases is
so active as to border on mania.

This type of patient presents the greatest difficulties in
treatment, Beenwse of the marled restlessness mawtenance
of nutrition and fluld balance may become a serious problem
In these as in other cases of head Injury the guiding prin
ciples are (1) avoldance of external stimuli by heeping
the patient in a quiet and darkened room (2) the use of
appropriate sedatives, such as the barbiturates paraldchyde,
chloral and bromides In cxtreme cases it may be necessary
to use avertin to quict the patieat cuough to administer in
travenous fluids and stomach tube feedings. In the absence
of evidences of kidney or liver damage avertin mav be used
repeatedly without deleterious effects

FOST TRAUMATIC SYNDBOME

Many head infuries are followed by 2 tmin of subjective
somatic symptoms accompanied by personality changes and
mild mental disturhances The incidence of this troublesome
sequela is influenced by several factors The severity of the
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injury may play some part. since post-traumatic symptoms
develop more frequently after severe mjuries than after nild
ones The age of the patient at the tiume of the injury is of
gieat significance Persons over 50 years of age who suffer
head injuries nearly always develop post-traumatic sVIp-
toms, and these symptoms persist longer than in vounger
persons

Symptoms may not be appaient until the patient 1 up
and about In Ius contacts with his famulv and friends the
peisonality changes are soon noted. Incieased itabihity,
emotional mstability, mtolerance, moodiness, difficulty m
concenhiation, and absent-mmdedness are causes of saffer-
mg to the injured peison and to those with whom he comes
m contact Headache occurs moie often than any other of
the subjective somatic symptoms Some mdividuals deseribe
the headache as constant while others complam of 1t only
upon mental or physical effort

Dizziness 1s the next most frequent symptom Some pa-
tients have a constant sensation of dizzmess o1 giddimess,
others complam of dizziness only when changmg position,
or when looking upward Rapid fatigability which lessens
o1 abolishes the mymed person’s capacity for work, and in-
tolerance to alcoholic beverages are often present

Neurological examunations do not usually disclose marked
abnormalities Careful and pamstahing studies, however, may
show mmor, vet nevertheless, definite alterations Slight m-
equality of the pupils, disturbances m convergence, shght
facial weakness, abnormalities m the vestibular tests, and
shaht reflen: mequahties may be found  Laboratory studhes
other than roentgenograms of the shull taken after Tumbar
air mjection are of httle help m diagnosss.

Psvchological myestigations carped ont on many patients
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recovering and convalescing from acute liead injuries show
that even emong those with no apparent mental defect
clinically there 1s a demonstrable impairment in mental

F
hu(ﬁnm Encq‘lhalognmfrwnlhp:ﬁcnt who was operated upon for a

scveral yrars ago At the tme of the encephalogry study
he had a right uuim\cdblurburufnqrcch}\meplmhecnsym
metrical dilatatlon of tho ventrickes with the larger one on the side of the

processes particularly evident when the patient is required
to perform tasks necessitating abstract thinking
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Encepha]ogmp]nc studies after head trauma may provide
visible evidence of structural clmngex m the brain even m
th al s

¢ absence of abnormal neurological signs A small mopor-

Fic 91 Lateral view of Tigure 90

tion of patients are marhedly mmproved by encephalography
Symmetrical enlargement of the lateral and the third ven-
tricle is the most common encephalogiaphic finding Assm-
metrical dilatation (Figs 90 and 91) of the lateral ventricles
with a shift toward the side of the lesion mayv accompany
marked focal signs such as hemiplegia, aphasa, or hemian-
opsia Increased amounts of air m the cerebral sulei and
Jarge collections of an m the frontal submachnoid space
are other cvidences of cerebral atrophy following trauma,
While encephalographic abnoimalitics aie of utmost drag-
nosy ~~ ~when ~ir absence does not rule ont
0154 ’ ) aise of the post-tranmatic
A sears and diffuse cortival

= -y '
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degeneration mav not cause any distortion of the cerebml
ventricles and subarachnotd speces which can he demon
strated in the encephalogram

Fio. 82, Brain from a patient who had marked Anumatic
following o bead int:r) An encephalogram done l:o?m HT:UU mﬁ
:\‘mn.l(lcd sufcfde wat within vormal Umits. Note arems of
‘obt:nhg in the right achital convatutions and the tp of the right temporal

The incldence and seventy of post-traumatic symptoms
can probably be reduced by adequate care during thepncute
phase of a head injuny This includes rest in bed for nt least



228 HEAD INJURIES

Encephalogiaphic studies after head trauma may provide
visible evidence of structural changes m the bram even m
the absence of abnormal newological signs A small propo:-
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Fic 91 Lateral view of Figure 90

tion of patients are maikedly improved by encephalogiaphy
Symmetrical enlargement of the lateral and the thnd ven-
tricle 1s the most common encephalogiaphic finding Asym-
metrical dilatation (Figs 90 and 91) of the lateral ventricles
with a shift toward the side of the lesion may accompany
marked focal signs such as hemiplegia, aphasia, or hennan-
opsia Increased amounts of an mn the cerebral sulei and
large collections of ar m the fiontal subarachnoid space
are other evidences of ceiebral atrophy followmng trauma
While encephalographic abnormalities are of utmost diag-
nostic value when present, therr absence does not rule out
organic bramn disease as the cause of the post-traumatic
symptoms (Fig 92), since small scars and diffuse cortical
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three weeks followed by a prolonged convalescent period
before retwnng to work Durmg this period, small doses
of a mild sedative, such as phenobarbital, combmed with
sympathetic understandmg by the physician teating the
mjured peison, will hasten recovery In many patients the
post-traumatic syndrome 1s colored by symptoms wlich seem
to be of a functional natuie, particularly m the presence of
mpending litigation and m compensation cases In addition,
psychoneurotic symptoms may be precipitated when the
element of fear 1s associated with the mjury.

The combnation of orgamc and psychological factors m
the genesis of the post-traumatic syndrome adds to the diffi-
culties m tieatment. While 1t 1s true that symptoms are pro-
longed for financial gam m some mstances, there are just
as many cases where no improvement follows a satisfactory
settlement, or where monetary considerations play no part
Much harm can be done if the legal aspects of the mjury aie
over-emphasized or if the patient 1s coerced mto 1eturning
to lus regular employment before the physical and psycho-
logical disturbances have become stabilized at a level per-
mitting normal responses to the demands made on Inm

After a reasonable period of complete 1est, the mjured per-
son must be encomaged by his own physician m cooperation
with the employer to return to work At first part-time work
or a lighter job may enable giadual adjustment to take place
Most mdividuals are able to return to work withn six months
after a severe head mjury In some cases one to three years
are required for stabilization, and even then relapses may
occur In about one-third of the cases permanent partial dis-
ability results, and an additional 5 to 10 per cent are totally
and permanently mcapacitated

The hostile attitude of many examimners for mdustrial in-
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surance companies toward the ind fdual with post travmatic
symptoms does much harm and often prolongs secondarny
psy chologien! elaborations OQut-and-out malingering is un
common and easils recognized

“pUNCH DRUNK™

In 1828 Marstland deserfbed a chronic progressive discase
of the brain {n pugilists, which he termed “punch drunk.”
The syndrome is chamcterized by awkwardness of gait
slight mental confusion slowing up of all coordinated mus
cular movements, and tremor of the hands and head. Later
with further progress of the process, mash like facies mus
cular rigidities and mental deterioration develop Martland
belioved the disease due to multiple repeated petechinl
hemorrhages in the corpus striatum the result of repeated
head injuries incurred by pugilists Similar injuries with
similar symptoms may result from a single severe blow to
the head. In the following case a clinjcal syndrome similar
to that described by Martland in pugilists developed after
a single severe trauma

Casc 21 A police sergeant, 50 vears old, was In /n automobile
collision. He wns unconscious for about twenty four hours. He
was in o hospital for twenty two days. When he returned home
hirs wife noticed a marked alteration in the patfents behavior
Previously alert and casy going he became slow nbsent minded
and hypesirritable In walling he had a feeling ss if he were
folling over Becouse of these symptoms ho came under our
observation seven months after the eccident The patient had a
mask lke factes Simple arfthmetical problems were performed
slowly and with mamy errors. All questions wern answered after
a prolonged latent period There was a right central focial palsy
amd the deep reflexes were all fnereased, Coordination tests re-
vealed moderate atwia in the left lower extremity The mental
and neurological changes were indicative of diffuse brain damage
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MENTAL CHANGES IN CHILDREN FOLLOWING
HEAD INJURIES

Chuldren aie much less likely than adults to develop post-
traumatic symptoms after mild o1 moderate head myuries.
However, severe head mjures, m which the mitial penod
of unconsciousness persists for several davs or more, are
frequently followed by marked behavior and personahty
disorders Permanent mental enfeeblement may result fiom
severe mjuries sustamed durmg mfancy or early childhood
In later childhood, the personality changes may be such that
a previously docile and well-mannered child becomes a diffi-
cult behavior problem often necessitating care m an msh-
tution or special school

Mental and behavior disturbances often go unnoticed
until the child who has suffered a severe head mjury returns
to school A child, previously able to compete satisfactorly
with his schoolmates, falls behind Defects 1n memory, at-
tention, and deportment are promment At home the child
may complamn of headaches and have explosive outbursts
of temper In some cases juvenile delinquency develops after
a severe head mjury The following case 1s rather typical
of the mental changes followmng a severe head mjury m a

child

Case 22 A boy 8 years old, was run over by a truck. He was
admitted to the hospital i shock, bleeding from a laceration m
the left occipital region All the reflexes were absent He was
treated for shock External heat, caffeine, and 10 per cent glucose,
mjected mtravenously, were admimstered After a few hours
he began to react to the treatment The scalp wound was thor-
oughly débrided under local anesthesia the next day The patient
remamed semi-stuporous for many days He became very rest-
less when disturbed for dressings or other therapeutic pro-
cedures His sensorium cleared gradually After four weeks he was



COMPLICATIONS AND SEQUELAE 233

fully conscious but very apprehensive and yestless The patient
was sent home after six weeks in the hospital. An x ray film of the
skull taken just before divcharge disclosed an entensive lineor
fracture of the left parietal and occipital bones At home he
became a behavior problem. He began to stutter had temper
tantrums, his memory became poor and his teachers described
him as an “entirely different boy” than the one they knew before
his head injury The patient was followed for two snd one-half
years, During this time there was no perceptible improvement in
his behavior

Treatment of children with behavior disturbances requires
tact, patfunce and sympathetic understanding If the child is
unable to compete with his classmates on a satisfactory level
he should be placed in a special school or an ungraded class
where work beyond his capabilities will nat be assigned
The parents must be instructed so that o satisfactory pro-
gram for this childs training can be carrled out. Regular
hours, avoidance of excitement, and carefully supervised
recreation are part of the plan Small doses of a mild sedative
such as phenobarbital should be gt en for sovernl months



Chapter XVII

HEAD INJURY AND DISEASE OF THE
NERVOUS SYSTEM

The réle of head trauma 1 the causation of disease of the
nervous system 1s often difficult to evaluate Occasionally
a direct relationship between the two 1s easily established,
but m most diseases the part played by trauma 15 mdefinite;
experts frequently disagree when confronted with an indi-
vidual case When the trauma 1s associated with an mdustrial
occupation o1 1s mvolved with impendmg htigation, the
problem becomes even more difficult

Wechsler divides cases of tauma to the nervous system
mto several classes Furst, those m which the mjuiy to the
nervous system 1s a direct and immedate result of the acci-
dent In this group are fractures of the skull, mtiaciamal
bleeding, and contusion and laceration of the bram

In the second class are the cases m which the nervous
system shows the effect of trauma a few hours, or perhaps
several days, after the accident For mstance, the slow middle
meningeal bleeding which may give symptoms twenty-four
hows o1 mo1e after the iauma, the syndiome known as “Tate
apoplexy,” m which slow thrombosis of a cerebial vessel takes
place and symptoms may occur a week or two after the acci-
dent Occasionally, menmgitis or even bram abscess compl-
cating a fractwie may fall mto this gioup On the whole there
1s usually Dttle difficulty m establishing a 1elationship be-
tween the trauma and the disease of the cential nervous

system m such cases
234
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In the third group are those cases in which there are no
immediate effects of the accident but only late sequelae,
for example, convulsions developing months or years after
an fnjury to the brain Differences of opinion may be voiced
as to the relationship hetween trauma and late symptoms
but on the whole mast obscrvers agree that one exists

In the fourth group are those cases in which symptoms
indicative of pathological changes in the central nervous sys-
tem follow immediately or reasonably soon after an infury,
but in which the trauma alone is not responsible This group
includes the incipient undetected general paretic who re
cefves 2 blow to the head and then mpidly develops all the
symptoms of the discasc Years ago before the spirochete
was known to be the cause of paresis the pathogenesis of
this diseaso was attributed to the trauma Now st is known
that general paresis is never caused by trauma alone but
that fts symptoms may develop rapidly after an injury Other
examples are the aleoholle lndividual who may show rapld
deterforution following a blow to the head, a patient with
marked cerebral arteriosclerosis who may develop dementia
following trauma and the epileptic patient whase svmptoms
may be aggravated by a blow to the head, perhaps dunng
one of his sefzures It is in this group that one finds justi
finble differences of opinfon particularls 1 medicolegal
cases

The fifth group includes those cases in which at indefinite
intervals following an accident the vichm develops psychic
or mental sequelne of head injudes These cases comprise
2 large part of the so-calicd traumatic neuroses In this group
the relationship of the trauma to the symptoms 13 & much
debated question and the opinfons of well-qualificd experts
may be at varisnce On the whole, it Is generally accepted
that there js a direct rc]ntionslup. However that the infly
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ence of expected compensation 1s a major factor, 1s lustrated
by the many mstances m which symptoms clea: up aftex
financial settlement 1s made On the other hand, theie are
cases m which symptoms persist, and i which the financial
advantage to be gamed by the mamtenance of symptoms 1s
practically nil Investigation mto the pathological processes
following head mjury reveals that m a large number of
cases, even 1elatively shght hauma to the head may be fol-
lowed by definite o1ganic changes, some of which aie casily
demonstiable on postmortem exammation These consist of
numerous petechial hemorrhages and areas of softenmng with
secondary scleiosis and dilatation of the ventricles which
mght account for the numeious symptoms seen 1n so many
of the cases classified as traumatic neuroses Furthermoie,
m all probabihty, theie 1s a laige gioup m which pathological
changes aie physiological 1ather than anatomical, the result
of altexations m the cerebrospmal fluud mechanics o1 m the
cerebral cuculatory mechanism In these cases no anatormcal
changes may be found, eithexr at postmoitem exammation
or by encephalography Because of the complicated and
dufficult aspects of this problem, 1t 1s probably much wiser
to 1efer to the late symptoms followmg head injury as the
“post-haumatic syndrome ”

From a medicolegal standpomt the mteival between the
head mjury and the onset of symptoms 1s particularly im-
portant Geneially speaking, the longer the mteival between
the two, the moie difficult 1t 1s to establish a 1elationship
between them It should be remembered that when there 18
pre-existing disease, such as general paiesis, aleohohsm, epi-
lepsy, and so on, the disease itself may be the cause of the
accident producing the mjury

From the pont of view of compensability, 1t 15 obviously
extremelv important to determme whether the iauma caused,
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precipitated, or aggravated the disease It is also necessary
to determine, as well as possible the prognosis This in
cludes the probable dumtion of symptoms and the expected
degree of restoration of function

PANALAYSIS AGITANS

Paralysis agitans {Parkinsontsm) is a chronic progressive
discase of the corpus striatum and globus pallidus 1t occurs
muost frequently after the 8€th decade and is more common
in males than females The lesions found w the brain at
autopsy are usually attributed to arterfosclerosis or encephal
itis Although tmumatic mjuries may produce similar lesions
true paralysis agitans is rarely the result of head injury le-
sfons dup to tmuma are usually widespread and it is only
when petechial hemorrhages are concentrated in the bassl
ganglia that a clinical condition closely resembling true Park
insonism ensues When the symptoms of pamlysis agitans
dervelop after a head injuny and there are evidences how
ever slight of lesions in other parts of the hrain the head
injury must be considered as the preapitnting if not the
primary etiological factar

VASCULAN DISEASE

Varfous tvpes of cerebral softeming and vascular lesions
following trauma have been deseribed Oppenheim for ex
ample believed that premature disense of the vessels of the
brain resulted from head infury Friedman described patho-
logical changes of the ccrebrl vessels and thrombosis of
cupillaries was demonstrated by Trousseau Such changes
w the vessels ean wenken the vuscular walls so that the
paticent s predisposed to cerebral hemorrhage This is the
explanation given for “late apoplex™ following trauma

Immediate fatmeerchral hemorthage may of course fol
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low trauma Pre-existing areas of softenmg will dimums]
the support of the cerebral vessels, and the possibilities o
trauma causing a hemorrhage are greatly increased. Globu
and Strauss stressed the mportance of this factor m favor
Ing massive cerebral hemorihage

No evidence exists that trauma 1s the cause of cerebya
arteniosclerosis.

NEUROSYPHILIS

Paresis The relationship between head mnjury and parest
has been given a greal deal of consideration Before the tru
etiology of paresis was known, head trauma was consideret
to be the cluef agent Sir F M Mott, one of the proneers n
the study of the pathology of the central nervous svstem
believed that general paresis was more hkely to develog
after a head mjury than without it. Cowt decisions gave
evidence that both the laity and judiciary had been con:
vinced of the ielationship between trauma and paresis

In 1913 Noguchi demonstrated spirochetes in the brams
of paretic patients, thus relegating trauma to a secondary
rle as an etiological factor Invasion of the bramn by the
spirocheta palhda produces atrophy of the bramn cells with
an overgrowth of ghal elements Such underlymg patholog-
ical changes make it impossible to assign a direct causal
relationship when the symptoms of paress develop mmme-
diately after a head injury Nevertheless, nearly all observers
agree that head trauma 1s frequently an mmportant precipi-
tating factor There 1s investigative evidence to prove that
when spirochetes are present in the blood stream, a site of
trauma tends to be mvaded by the orgamsms For example,
when a wound was made m a rabbit’s skin, the mtravenous
imection of spnochetes was followed invanably by the ap-
pearance of a chancie at the site of the wound
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. _ened the walls of a cerebral vessel head trauma may cause

", "a ruptwie of the blood vessel with development of the usual
symptoms of mtracerebral hemorrhage That such an out-
come may have occurred m due course without the trauma
may be plausible from a medicolegal standpoint The courts
have rendered decisions indicating that trauma 1s not dis-
regarded as the cause of the hemorrhage

Gumma of the skull may follow head trauma m a luctic
patient, and despite the fact that the patient was known to
have syphilis before the mjury, such a complication has been
held to be compensable when the mjury was sustained by
a patient while at work.

Simlarly, luetic meningitis developmg withmm a reasonable
time after a head injury has been considered to have been
precipitated by the trauma

“Granting that the benefit of the doubt should accrue to
the victhm, when theie 1s reasonable doubt as to the effec-
tiveness of any given trauma mn the production of the dis-
ease, 1t seems that the medical expert has the distinct duty
of keepimng within the hmits of what is reasonable, and must
not allow Iis 1magmation to run riot and give the digmty
of probability to conclusions that may only be considered
as remotely possible” (Solomon)

BRAIN TUMORS

The r6le of trauma mn the causation of tumors of the bram
has occasioned considerable controversy This problem 1
of great medicolegal mmportance, and warrants mclusion
in this chapter of some of the opmions voiced by others.

Gowers, mn 1888, was emphatic in his behef that traum‘a
could cause a neoplasm. “There 1s httle doubt that traumatic
mfluences, falls and blows on the head, are occasionally the
immediate excitants of a growth, since the symptoms have
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been observed to follow a blow and the tumor is found to
correspond in postion to the seat of the injury Such are
lationship has been ohserved in almost all forms of tumor,
in syphilitic and in tubercular growths as well as thase which
are supposed to be of purely Jocal origin Traces of traumatic
mischief may or may not be visihle after death and imme-
dintly the nutritive changes consequent on a mero con
cussion may be the starting point of a tumor But the cases
in which a traumatic cause can be traced form a very small
proportion of the total number, and the extent of this in
fluence may be reachly over rated ”

James Ewing in his textbook says “The frequency of the
traumatic origin of bram tumors has been vanously estimated
Dby different obsen ers, but as a rule the estimates nre notebh
high ™ Gerhart accepted the traumatic ongin of 10 among
60 reported cases of ghioma and in 4 of 11 cases of his own
Bruns belicves that a direct traumatic relationship is rare

Oppenhieim states that trmuma may indirectly exelte tumor
growth by establishing a condition of epilepsy which even
tually induces the neoplastic proliferation of glia tissue. Such
cases are also reported by P Knapp, and Ewing adds, "trauma
may be the direct exciting cause of the tumor In order to
prove such a relation it Is necessary to show that sufficent
injury has caused a lesion of the dura or pia with affection
of the brain tissue Evidences of old hemorrhage with ad
hesion of bmin to membranes beneath the polnt of injury
are the only mtisfacton data that can be offered as proof
Such cases have been fully reported by Hitzig, Eppinger
Thomas and Bartlett, heen, Annadale Adler, Cassassa and
others. Both sarcoma and glioma are observed under such
conditions Somewhat Jess satisfactory and more numerous
are the cnses in which the tumor does not uppear at the
point of injun hut owing to the influence of contrecoup
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the bhamn lesion may be far 1emoved fiom the pomt of the
blow Additional evidence may appear m the climical 1ustory
when 1t 15 shown that the tumo svmptoms are contmuous
with, or appeaied shortly after the mymy With mereasmy
mtervals between ttauma and tumor, the 1elation must he
regarded as less dnect Starr’s assumption that a ceiebral
hemorihage o1 contusion may pass duectly mto a tumo
process 1s 1ejected by Oppenheim and Brunms, but such an
mterpretation 1s fully m accord with histological findings as
well as chnical history In the orgamzation of a cerebral blood
clot, the growth of capillaties and gha tissue may be active ”

Cushmg’s opmion was as follows “The relation between
trauma and the first appearance of symptoms 1s a comei-
dence that occwis too often to be ignored And not mfre-
quently, on shavmg a patient’s scalp, the scar of an old and
forgotten mjury may even indicate the precise situation of
the lesion, tlus bemg particulaily true of meningeal tumors
It must, howevel, be admitted that a latent tumor itself,
through an epileptic attack or famt, may have been the
cause of the fall producing the cramal injury Hence, trauma
may not actually occasion, but may only serve to hring a
pre-existing lesion mto symptomatic piominence, owing pos}-‘
sibly to the rupture of a blood vessel m a vasculmr growth
S A K Wilson denies any relationship hetween trauma and
tumor of the central nervous system, basmg his opimon on
lus experience with head mjunes sustained m the World
War ;

Percival Bailey m his 1ecent book, “Intracramial Tumors,
expiesses the opmmon that “it 1s much more probable that
the trauma serves merely to call attention to a pre-eisting
tumor by aggavating its symptoms ”

In a 1ecent contitbution on the subject by Wemberg n
which the hiterature is thoroughly reviewed and a series of
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102 brin tumor cases analvzed, the opinion 15 offered that
o relationship does exist between truma and brain tumor
cither causation or activation of o latent brain neoplasm
In hss series of cases, Weinber found that 7.8 per cent ful
filled the strict requirements necessary to establish a relation
ship between trauma and tumor He discusses the contro-
versy on this problem which reached an active stage m
Germany in 1832. At that time Benele maintained that a
direct relatlonship existed between head injury and gliorn
of the brain His theory was based on the tendency of reac
tive glial cells which fncrense In necrotic areas of the brin
to become mallgnant The necrotic arens are due to ischemie
chonges in the brain as a result of injury, the mechanism of
the tschemia being a vascular one, efther anntomical in na
ture (actval voscular injury) or physiological (arterinl
spasm) These reactivo glial clements he feels go on to
irritate adjacent cells and result in tumor forms.

Borst agrees with Beneke and adds that due to tmuma
embryonal cell lasers may be affected and the neoplasm
precipitated Borst in reporting the pathological observations
wt the brain of a tumor case tells of finding tumor tissue sur
rounding an area of softening. Becnuse in certain arcas he
found brain tissue and not tumor tissue bordering on the
aren of softening he felt justificd in assuming that he was
dealing with a condition in which the tumor was secondary
to the softening

Reports in the literature of similar studies to establish
pathological evidence either for or against the etiological
relationship of trawma to brain tumor are exceedingly rare.
In a careful search of our own records we have been able
to find several cases in which there seemed to be a rather
direct relationship between the infurs and the deselopment
of a neoplasm One patient developed & large meningeal
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tumor directly under the sca1 of a scalp laceration which
marked the site of a previous head trauma (Figs 93 and 94)
Another patient began havig Jacksoman motor comvulsions

Fic 93 Large memngioma with Fic 94 Wound ten days follow-
cramal hyperostosis which developed g removal of tumor Note scar of
at the site of a previous head trauma  preceding trauma m center of sealp

flap

eight weeks after a head trauma. These persisted until a
craniotomy was done several months later At operation a
large glhoma was found durectly under the scar m the scalp
which indicated the site of the previous mnjury



BIBLIOGRAPHY

Aszistemx L. ], and Cousvaue, C. B Traumatie osteomyelitis
of the cranial vault Arch Surg 26 539 1633

Avson A W Surgical treatment of osteomyelitis of the skull
West J Surg., 41 85 1833

Atex Ao M Day B B, and Moore, M Subdural hemorrhage
in psvchiatric patients J Nero. € Mfent Dis., 82 183 1635

Arrrzmaci, C W Studies in traumatic fractures of the cranial
bones 1 Edema of the brain IL Bruises of the braln Arcl.
Surg 4 434 1022

Asmmaciany G D Cistern puncture Am 7 Syph, 16 321 July
1932

Bacry C. Jr Blood in the cerebrospinal fluid resultant func-
tionrl and organic alterations n the central nervous system.
(A. Eaperimental data.) Arch Surg, 17 18, 1928,

Bacey C., Jr. Blood in the cercbrospinal fluld resultant fune
tional and organic alterations in the central nervous system.
(B Clinical data.) Arclt Surg,, 17 39 1928

Baney P Intracranial Tumors Springfield, Thomas 1833

Bangy T Wounds of the superfor longitudinal sinus. § Clin
N A,9 0383 1929

Barsance, C. A. Some Points In the Surgeny of the Brain and Its
Membranes London, Macmillan 1908

Barox P An unusual cause of pulsmting exophthalmos Brit J
Surg., 25 459 1937

Bavmytans N Pubating  ewophthalmos-traumatte, Arch §
Ophth., 134 192, 1935

Brarr F C Studies on the cerebrosplnal fluld. Am J Physiol
511 1920

Bexxerr A. E. Neurologic problems in traumatie cerebral lesions
Nebraskn M 1, 18 293 1833

Braven, O Concussion of the brain Am 7 Surg., 19 274, 1635

Bever, I Vestibular and ocular muscle disturbances following
injurics Ztachs { Hals, Nasen u Ohrenh., 41 981 1937

245



246 HEAD INJURIES

Biceart, | H Pathology of the Nervous System Baltumore, \
Wood, 1936

Brreey, | L, and TrotTER, W Traumatic aneurysm of the ir

cramal portion of the mternal carotid artery Bram, 51
1928

Brau, A Mental changes following trauma m clildren .\
Neurol & Psychiat , 85 723, 1936

Bonner, C A, and Tavror, L E Traumatic psychoses—stud
50 committed cases Am J Psychuat , 92 763, 1936

Boyp, D Post-traumatic headache treated by spmal msuffla
of air Arch Surg, 18 1626, 1929

Bramepy, L, and Kaun, S Trauma and Disease. Philadelp
Lea and Febiger, 1937

Brarwery, C Can head mjury cause auricular fibrillatx
Lancet, 1 8, 1934

BrancH, ] R B, LEaPERT, A A, and Lyaran, R S Treatmen
mfected wounds of the bramn with bacterial filtrates A
Surg , 28 189, 1934

BreMmeR, F, Coppez, H, Hicouer, G, and Martixy, P. The
syndrome of concussion 1 closed traumatisms of the s}
Rev d’oto-neuro-opht, 10-161, 1932

Brock, S Basis of Chimical Neurology Wm Wood, Baltim
1937

Bropmis, H S Temporary post-traumatic total bhndness 1
M J, 1710, 1937

Broster, L. R Concussion and 1its treatment Practihioner, 1
93, 1934

BrowpEr, J, and Mcyers, R A revaluation of the treatment
head mjuries Ann Surg, 110 857, 1939

BrowpER, |, and Mevrrs, R Observations on behavior of
systemic blood pressure, pulse and spmal fluid pressure
lowing cramocerebral mjury Am J Surg, 31 403, 1936

Camys, H Injuries of the frontal and ethmodal smuses
special reference to cerebrospmal rhmorrhea and acroce
J Laryng & Otol, 52 589, 1937

Casnon, W B, Cerebral pressure following trauma Am
Physiol , 6 91, 1901



BIBLIOGRAPHY 247

Cann } L. and Moops A M Bosers Hemorrhage Californta &
West Med 81 227 1839

Carron, B N Diagnasis and treatment of fractures of the skull
as developed n the Cincinnati General Hospital Ann Strg
83 182, 1926.

Cassassa C. B Multiple traumatic cercbral hemorrhages. Proc
New York Path Sec 24 101 1824

Cartora, G Traumatsmes et certaines maladies organiques du
systime nerveusx central Encépliale 27 282, 1632,

Ciateran C, and pe MarteL, T Wounds of the Skull and Brain
Univ of London Press 1918

Cragg, E, Revost | and Jorusre, N Meningocoecic meningitis
complicating fractures of skull. Arch Surg., 35 486 1837

Cowrx | and Etssec C. A, Clyonic subdural accumulations
of cerebrospinal fluid after cranial trauma. Areh Newrol &
Psychiat., 18 709 1927

Coumian C C Chronfe subdural hematoma, diagnosis and treat
ment. Am J Surg., 28 341 1835

Cormax C C. The management of acute head injurfes South
M J., 30196 1937

Couaian C. C. The management of acute brain iojuries with
especial reference to the Indications for operation. J AL Al 4
97 1606 1631

Cowtrm, F A The fluld requirements of surgica) pattents J Aed
18 480 1038

Covzey R C. Psychological changes associated with head in
furles Arch Paychol, 1838 No. 233,

Coxvops, ] F and Wnienr L. F Fractures of the skull A review
:&mmﬂmry of 80 years expericnco Ann Surg., 100 996

Courvies, C. B Pathology of the Central Nervous System
Mountain View Pacific Press 1837

Counvitee, C. B Fatal craniocercbral injuries Bull Los Angeles
Neur Soc, 2 %59 1937

Coumvuirr, C. B, and hvears, T S Histologic observations in

a case of old gunshat wound of the bmin. Arch Path, 17 10,
1934,



248 HEAD INJURIES

CourviLir, C B, and Owsex, G W Post-traumatic cerebral <of.
tenng, West J Surg, 43 219, April, 1935

CourviLrz, C B, and Pratncr, C D Etiology of traumatic
menimgitis Bull Los Angeles Neur Soc, 8 150, 1938

Craic, W M The importance of adequate treatment of BJures
of the head Rocky Mountain M J, 35 122, 1938

Craic, W M, and Apsox, A W Spontancous intracranmal hem-
orrhage etiology and surgical treatment with report of nine
cases Arch Neurol & Psychat, 35 701, 1936

Craie, W. M | and Kornouaw, | W Cerelnal cysts J A, M A
102 5, 1934

Crorrrrs, B Disorders of the Nervous System m Childhood
New York, Appleton, 1926

Crutcaricep, W G Management of acute head mjuries. South
Med & Surg, 97 74, 1935

Cusming, H Intracramal Tumours Springfield, Thomas, 1932

Cusning, H The blood pressure reaction of acute cerebral com-
pression Am J M Sc, 125 1017, 1903

Cusming, I Some expermmental and chimcal observations concern-
mg states of mcreased intracramal tension Am J M Sc,
124 375, 1902

Cusuing, H. Concerning a definite regulatory mechamsm of the
vasomotor centre which controls blood pressure during cen-
tral compression Bull Johns Hophms Hosp, 12 290, 1901.

Cussxg, H Notes on penetrating wounds of the brain Brit M. J,
1 221, 1918

Cusuing, H Wounds mvolving the bramn and 1ts enveloping struc-
tures Brit J. Surg , 5 558, 1918 '

Danpy, W E Arteriovenous ancurysm of bram. Arch Surg,
17 190, 1928

Danpy, W E Diagnosis and treatment of mjunes (o the head
JAM A,101 772, 1933 3

Daxpy, W E Injunes to the head J A Soc New Jersey, 27 91
1930.

Daxpy, W. E Pneumocephalus (intracramal or aerocele) Arch
Surg, 12 949, 1926.

Daviorr, L, and Dykz C Normal Encephalogramn Phnladdl-
phia, Lea & Febiger, 1937



BIBLIOGRAPHY 249

Davioson M The indirect traumatic optic atrophies Am J
Ophth 217 1838,

Davis, E. D D Injurdes of the ear arising from fractures of the
skull Brit A J, 2 741 1928

Dicxensoy D G Diagnoses of cerebrl vascular accidents and
other intracranial complications arfsing from trauma. J Iotwa
M Soc 24132, 1834,

Dmox O ] The etiology and treatment of osteoravelitis of the
skull, Rocky Mountain A J., 35 285 1838

Dovcras | C Blindness following bead injury 3 1 Australia
1 534 1638,

Durirs, C. W The mechanism of indirect fractures of the skull
Tr Coll Phys. Philadelphia 8 278, 1886

Durra, P C Management of head infury cases in raral practice
Indian M Cox., 73 27, 1834

Dyxe, C G Indireet signs of brain tumor as poted in routine
roentgen examinations displacement of the pmeal shadow
Am. ] Roentgenol 23 588, 1830

Eacieros W P Traumatic lesions of the head and their relation
to the ophthalmologist. J 3f Soc New Jerscy 251 1928

Eanrx D E A study of 100 cases of skull fractures J A. Af A
104 2332, 1834

Ecxer, ] L. Aftermath of head fnfuries New York Stofe J Med.,
28 771 1628,

Emmeorst 11 Birth Injuries of the Child. New York Appleton
1922,

Esssenc C. A The Edwin Smith Surgical Papyrus and the ding
nosis and treatment of Injurfes to the skull and spine 5000
years ago. Ann M Hist, 3 271 193L

Ewrxc, | Neoplastic Diseases. Philadelphia, Saunders 1925,

Far T The treatment of acute and chronic cases of cerebral
trauma, by methods of dehydration Ann Surg., 101 76
1935

Far T Genemlized pressure atrophy of the brafn J A M A.
04 245 1630

Fay T The treatment of cerebral trauma based upon the laws of
cerebrat hydrodvnamics S Glin North America p 1661 1837
(Dec)



250 HEAD INJURILS

FETTERMAN, | L, and Syiey, R E. Electrical damage to the
bram J A M A, 108 1390 1937

Frexser, L B Chemstry and nature of the cerebrospmal flwd
Physiol Rev, 14 161, 1934

Forees, H S, and Coss, S S Vasomotor control of cerebral yes-
sels Bram, 61 221, 1938

Forp, F R, CrotHERs, B, and Purxaar, M C Birth Injuries of
the Central Nervous System Baltimoie, Wilhams & Wilkws,
1927

Foss, H L Penetrating wounds of the cercbellum. Am J Surg,
28 323, 1935

Fraser, ] Head mjunes m general practice Brit M J, 1 740,
1937

Fraser, | S War mjunes of the e Edmburgh M T, 18 112,
1917

Frascr, J. S Injuries of the middic and mmer ear m fracture of
the cramal base Proc Roy Soc Med (Sec Otol.), 10 20,
1916

Frazmr, C H Surgical treatment of subdural hematoma Ann.
Surg, 101 671, 1935

Frecepyan, E Fracture of the optic canal causing optic atrophy
J ADMA,S3.241, 1938

FrepataN, E D Head mjuries effects and ther apprasal. Arch
Neurol & Psycluat , 27 791, 1932

Furtox, | F. Physiology of the Nervous System New York, Ox-
ford Press, 1938

Furcow, L T Chrome subdural hematoma, Arch Surg, 32 GSS,
1936

FunLow, L. T, and Sacus, E. Classification and treatment of
acute head mnjuries J Missour1 M A, 32 177. 1935

Funstensene, A C Osteomyelitis of skull The osteogenetic proc-
esses m the repair of cranmal defects Ann Otol Rhin, &
Laryng , 40 996, 1931

Garoxer, W I subdural hematoma, with partinlar
reference -7 " Neurol. & Psychat,
27 847, 1¢ -

Ganoxrr, W, § traumatic rctrobul-



BIBLIOGRAPHY 251

bar nrteriovenous aneurysm Cleveland Clin Quart 187
1634

Gem, F W Reduce head injury mortalin New York State ]
Med. 39 1832, 1839

Grasen, M A, The cause of dixziness in head injuries 2 vestibular
test study in sixty six patients Ann Oto! Rhin & Laryng,
46 887 1837

Grasem, M A, and Fove, I A Penctrating knife wound of the
skull with subcortical hemorthage. Am J Surg 43 797 1838

Groaus, | 1 Intracranial hemorrhage its anatomical forms and
some of their clinical features New York State ] Med,,
36 631 1836

Grukcxs, B Traumatic psychoses and post-traumatic psychopathic
states. J A. Al A, 56 843 1911

Goraxp P P Olactometry in acute head mjuries Arch Surg.,
35 1173 1937

Goop, | V Gunshot wounds of the head. Arch Surg 29 18
1834

Gorren, M ] Effect of head injury on hearing and orfentation
Am ] bSurg, 32 455 1938

Grant F C. Cranial trauma. Prog Med., 1 17 1929

Graxt F C, and Noacnoss, N C. Repair of crantal defects by
cranloplasty Ann Surg, 110 488, 1839

Graxt H W Visual fleld contractions after head infuries. Afin
nesota Med., 18 449 1836

Grvken, R R Neurology Springfield, Thomas 1834

Geross, S W Further notes concerning traumatic subdural hema
toma. Rodlology 33 213 1639

Gross, S V., and Emmuicy, W Frontal puncture for 1entriculog
raphy Arch Surg 89 122, 1939

Gross, 8 W and O'have, T ] Traumatic subdural hematoma.
New York State ] Med., 38 117 1838,

Grove, W E. Otalogic obser ations in trauma of head & clinjcal
study based on 42 cases. Areh Otolaryng., § 249 1928,
Guropan E. § Operative management of traumatie intrecranisl

hemorthage Am I Surg., 40 596, 1038

Guropan E. S Management of depressed fractures of the shull
and old skull defects Ann Surg 102 80 1833



250 HEAD INJURIES

FerreERMAN, J L, and Smuey, R E Electrical damage to the
bram ] A M A, 108 1390, 1937

Frexner, L B Chemistry and nature of the cerebrospimal flud
Physiwol Rev, 14 161, 1934

Forees, H S, and Coss, S S Vasomotor control of cerebral ves-
sels Brain, 61 221, 1938

Forp, F R, Croruers, B, and Purnam, M C Burth Injuries of
the Central Nervous System Baltimore, Williams & Wilkins,
1927

Foss, H L. Penetrating wounds of the cerebellum Am J Surg,
28 323, 1935

Fraser, | Head mjuries m general prachce Brit M J, 1 740,
1937

Fraser, ] S War mjuries of the ear Edmburgh M T, 18 112,
1917.

FrASER, | S Injuries of the middle and inner ear i fracture of
the cramal base Proc Roy Soc Med (Sec Otol), 10 20,
1916

Frazmer, C H Surgical treatment of subdural hematoma Ann
Surg , 101 671, 1935

FreepMAN, E Fracture of the optic canal causing optic atrophy
JAMA,S3 241, 1938

FriepmaN, E D Head mjuries effects and thewr appiaisal Arch
Neurol & Psychiat , 27 791, 1932

Furton, | F Physiology of the Nervous System New York, Ox-
ford Press, 1938

Furtow, L. T Chronic subdural hematoma Arch Surg, 32 688,
1936

Furcow, L. T, and Sacms, E Classification and treatment of
acute head mjunies J Missourt M A, 32 177, 1935

FurstENBERG, A C Osteomyelitis of skull The osteogenetic proc-
esses m the repair of cramal defects Ann Otol Rhin &
Laryng , 40 996, 1931

GarpNER, W ] Traumatic subdural hematoma, with particular
reference to latent mterval Arch Neurol & Psyclat,

27 847, 1932
Garover, W ], and Hamsy, W B A case of traumatic retrobul-



BIBLIOGRAPHY 251

bar arteriovencus anevrysm Cleveland Clin: Quart 1 87
1534

Gem, F W Teduce head injury mortality New York Sfafe J
Med., 39 1832, 1939

Grastn, M. A The cause of dizziness in hend injuries @ vestibular
text study in sixty six patients Ann. Otel. Rhin & Laryng.,
46 987 1837

Grasen, M A, and Fixe, L A Penetrating knife wound of the
skull with subcortical hemorrhage Am J Surg, 43 T97 1638

Groaus, ] 11 Intracranial hemowrhage its nuatomical forms and
some of thelr clinica) features. New York State J Med,
36 681 1936.

Guuecx, B Traumatic pavehoses and post-traumatic psychopathie
states. § A. Al A, 56 943, 1911

Goraxp, P P Olfactometry in acute head injuries Arch Surg
33 1173, 1857

Goooe, ] V Gunshot wounds of the hend. Areh Surg, 29 16
1834

Gorturs, M | Effect of head injury on hearing and orientation.
Am J Surg 32 455 1936

Graxt F C. Cranial trauma. Prog Med, 1 17 1629

Grart F C, and Noncross, N C Repair of cranial defects by

lasty Ann Snrg., 110 483 1030

Graxt H. WV Visua] fleld contructions after head Injuries Min
nesota Med., 19 440 1836

Grxxn, R. R Newrology Springfleld Thomas 1934

Gross § WV Further notes concerning traumatie subdural hema
toma. Rodiology 33 213 1039

Gross, § W, and Eurrat W Frontal puncture for ventriculog
raphy Arch Surg., 39 122, 1639

Gros, 8. W, and Ohane, T J Traumatic subdural hematoma
New York State ] Med., 38 117 1638

Grove, W E Otologie abservations in trauma of head n clinteal
study based on 42 cases. Arch Otolaryng., 8 249 1928

Guropas E. § Operative management of traumatic intracranial
hermorthage. Am ] Surg., 40 596, 1688,

Guronax E. S Alanagement of depressed fractures of the skull
and old skull defects. Ann Swrg., 102 §9 1935



252 HEAD INJURIES

Guroian, E S Studies on acute cramal and mtracranial mjuries
Ann Surg, 97 327, 1933

Guroian, E S Ear complications m acute craniocerebral mjuries
Radiology, 18 74, 1932

Gurpjian, E S, and Smawan, H K Management of skull frac-
tures mvolving the frontal s;mus Ann Surg , 95 27, 1932

Harr, G S The diagnosis of chronic subdural hematoma of trau-
matic onigin, J Neurol & Psychopath , 17 262, 1937

Hamwm, L, and Pucuer, C Cerebral blood flow the effect of
mtravenous mjection of hypertonic solutions on the cardiac
output and blood pressure Arch Neurol & Psychuat , 24 907,
1930

Harsrrz, F Traumatic or spontaneous mtracerebral hemorrhage
Nord med tidskr , 7 289, 1934

HartsmorN, W M Trauma m the newborn New York State J
Med , 37 869, 1937

Harvey, S C The after effects of mjuries of the cranmum Int
Assn Am Boards & Comm, Proc 1926, U S Dept Labor,
Bur Labor Statistics, Bull 432, 1927

Hormes, B Surgery of the Head New York, Appleton, 1903

Hormes, G, and SARGENT, P Injuries of the superior longitudinal
smus Brit M T, 2 493, 1915

Howe, H S Reduction of normal cerebrospmal fluid pressure by
mtravenous admimstration of hypertonic solutions exper:-
mental studies on cats Arch Neurol & Psycluat, 14 315,
1925

\/ﬁ\IGRAHAM, F D, and Hevr, H L Subdural hematoma in mfancy

and childhood,7 A M A, 112 198, 1939

Jacosson, W H A Middle menmgeal hemorrhage Guy’s Hosp
Reports, 43 147, 1885

Jerrerson, G The treatment of acute head mjuries Brit M J,
2 807,1933

JerFERsoN, G Discussion on diagnosis and treatment of acute head
mjuries Proc Roy Soc Med , 25 735, 1932

JerFErson, G Bilateral nigidity in mddle menmngeal hemorrhage
Brit M T, 2 683, 1921

JerrErsoN, G Gunshot wounds of the scalp, with special refer-
ence to the neurological signs presented Bramn, 42 93, 1919



BIBLIOGRAPHY 253

Jusa F Chronic subdural hematoma. Arch Surg 21 128
1930

Jorvrron W I Cerebrospinal rhinorrhea. Ann Otol Hhin &
Laryng 33 1205 1928

Kamy, M E. Primany osteomyelitis of the mastold bore (trau
matic) Ann Otol Rhin ¢ Laryng., 35 1246 1928

harLax A. Chrone subduml hematoma a study of eight cases
with special reference to the state of the pupil Brain 54 430
1831

harLan A, Chronic subdural hematoma in a child. Am J Dis
Child 55 1034, 1838,

havvp D I, and Love, ] G Subdural hematoma. Surg Gynee
& Qbst., 67 87 1938

hexcan | | Chronie subdural hematomn. Arch Surg., 27 628
1033

hexcav ] ] Carotid ligation for intracrantal arteriovenous aneu
rysm Surg Gynee ¢& Obat, 57 368 1933

Kcroan | ] Errors of omission In the treatment of head infuries
Nebrasko 3f 7., 18 8 1933,

henveoy F, and Worris S. B Acute subdumsl hematoms and
ocute epidural hemorrhage. Surg Gynee. & Obst,, 63 732,
1930

hexxeps F., and Worris, § B How to treat head fnjuries and
appratse them. J A A1 A, 88 1852, 1632,

ke, J E ] Head injuries. New York State ] Med 39 1369
1838

Lrany T Subdural hemorthages. ] A M A, 103 897 1834

Leame T Traumatic intracrantal hemorrhage Am J Surg.,
268 133, 1934

Le Couvt E. R, and AprEwbacay, C. W Pathologic anatomy of
traumatle fractures of cranial bones and concomitant brain
infurles J A A A, 74501 1820

Le Couvr E. R, and Hocxzeara, ] Symmetrical traumatic frac
tures of the cranlum svmmetrical fragmentation. Arcl Surg,
20 171 1834

Lonownz, L. L. Estradural hemorthage as a result of birth
trauma Arch Pediat 53 404 1938,



254 HEAD INJURIES

LeamaN, E P, and Parker, W H The unsolved problems of
bramn injury Internat Chn,3 181, 1935.

LOMi&gIéBJ Human craniovertebral dynanics Am J Surg , 39 479,

Love, ] G Biateral chronic subdural hydroma J Nerv & Ment
D1s, 85 161, 1937

Lowman, K E Injuries of the head and spme U S Nav M Bull,
32 830, 1934

Lyercy, | G The management of acute craniocerebral mjuries
South Med & Surg, 96 326, 1934

Marong, J 'Y Value of blood pressure m acute cerebral compes-
sion  an experunental and climcal study Ann Surg, 75 732,
1922

MarTtLaND, H S Punch drunk. 7 A M A, 91 1103, 1928

MartLanp, H S, and Bering, C C Traumatic cerebral hemor-
rhage Arch Neurol & Psyclhiat, 22 1001, 1929

Masserman, | H Cerebrospmal hydrodynamics chinical expen-
mental studies Arch Neurol & Psychuat, 32 523, 1934

MassermMaN, | H Intracramal hydrodynamics central nervous
system shock and edema followmg rapid flurd decompression
of the ventriculo-subarachnoid spaces J Nerv & Ment Dis,
80 138, 1934

MassermaN, ] H Effect of mtravenous administrations of hyper-
tome solutions of dexhose with special reference to the
cerebrospnal fluid pressure J A M A, 102 2084, 1934

MassermAN, | H, and Scuaiier, W F Intracramal hydrody-
pamics expermments on human cadavers Arch Neurol &
Psychiat , 29 1222, 1933

MassErRMAN, | H , and Scrarier, W F Intracramal hydrodynam-
1cs 1nfluence of rapid decompression of the ventriculo-sub-
arachnoid spaces on the occurrence of edema of the brain
Arch Neurol & Psychiat , 30 107, 1933

Merrrrr, H H, and Fremont-SmrTe, F' The cerebrospmal fluid
Philadelphia, Saunders, 1937

MEever, A The anatomical facts and chinical varieties i traumatic
msanity Am J Insan, 60 374, 1904

Mmier, G G Cerebral concussion Arch Surg, 14 891, 1927



BIBLIOGRAPHY 153

Moex, H E. Manags t of skull fractures and intracranial in
jurtes. ] A M A, 97 1430 1831

Mocx, I E., Mommow A. R. and Suasxos C.E Skull fractures
Internat S Digest 17 323 1834

Mooy W B Traumatic fracture of cranial bones with
reference to extmdural hemorthage. J A M A, T4 511
1920

Moone, C. I Traumatic Intrucranial hemorrhage Am J Surg.
80 522, 1635

Monrrz, A. R and Warnsan W B Post traumatic internal
hydrocephalus Am J M Sc, 185 65 1838

Motr F W Microscoplc examination of the brain in death from
“shell shock " Brit M J 2 812, 1017

\uvro, D The diagrosts and therapy of so-called post traumatic
neurosis following craniocerebral injuries. Surg Gynec &
Obst 68 587 1939

Munno D The diagnosis treatment and tmmediate prognosis of
cerebra) trauma, New England J Med., 210 287 1834

Munpo, D The therapestic valuo of lumbar puncture in the treat
ment of cranial and intracranial Injury Boston M & S T,
193 1187 1925

Narrzcen, H C The restoration of defects in the skull. Tr West
S A 126 1835

Narrcen, 11 C, and Brows H A, Chionic subdural hematoma
in infants S Clin North America 14 1485 1934

Narrzicen, H C., and Grasen, M A, An experimental study of
the cffects of deprexsed fractures of the skull. Surg Gynec &
Obst,, 51 17 1630

Narrzcer, 1T C and Jonts, O W Late traumatic apoplexy
California West Med., 29 381 1928

Newarg, I W The effect of head injury on the behavior and
personality of children 2 studh of 20 cuses. M Clin North
Asmerics 21 1335 1837

Newsorat, L. 1., end Lasivter F 1 The importance of dealing
quantitatively with water in the study of disease Am J Al
Sc 186 461 1833,

Ney k. W The repalr of cranfal defects with eellulold, Am J
Surg., 44 304, 1830




256 HEAD INJURIES

OsnaTto, M, and Gueertr, V Postconcussion neurosistraumahce
encephahtis Arch Neurol & Psychat, 18 181, 1927

Payng, A E, and Jeans, W D A case of mtracramal pneumato-
cele Brit J Surg, 23 679, 1936

Parker, W H, and Leaman, E P Studies m bram injury: n-
creased cerebrospmal fluud pressure from blood in the cere-
brospmal flud Ann Surg, 104 492, 1936

Peer, M M, and Kann, E A Subdural hematoma i mfants
JAMA, 98 1851, 1932

PenrmErn, W The principles of physiology mvolved n the man-
agement of creased intracramal pressure Ann  Surg,
102 548, 1935

PenFieLp, W Chronic menmgeal (post-traumatic) headache and
its specific treatment by lumbar air msufflation: encephalog-
raphy Swg Gynec & Obst, 45 747, 1927.

Penrerp, W G The operative treatment of spontaneous intra-
cerebral hemorrhage Canad M A T, 28 369, 1933

PenreLp, W G Meningocerebral adhesions a histological study
of the results of cerebral incision and ciamoplasty Surg
Gynec U Obst, 39 803, 1924

Pamrps, G., and MacIntosa, N W. G Two cases of spatapo-
plexie one recovery, one death. M J Austraha, 1 713, 1936

Pncrer, C Cerebral blood flow the effect of mtravenous admim-
1stration of hypertonic and hypotonic solutions on the volume
flow of blood through the bram Arch Neurol. & Psycluat,
24 899. 1930

Prcugr, C Expermental cerebral trauma the fluid content of
the bram after trauma to the head Arch Surg, 35 512, 1937

Pricuer, C, and Tauss, C Cerebral blood flow III and IV Arch
Surg , 29 1024, 1934

Praceo, F Traumatic serous menmgitis. Rev Neurol , 63.976,
1935

Porrack, B Climcal significance of dynamic forces 1 cramal
fractures Med Times, N Y, 65 235, 1937

Ramsperr, E G Skull fractures—100 consecutive cases Am ]
Surg , 32.448, 1936

Ranp, C. W Alterations 1n visual fields followng cramocerebral
mjuries Arch Surg, 32 945, 1936



BIBLIOGRAPHY 287

Nanp, C W Chronto subdural hematoma. Arch Surg., 14 1136
1837

Raxp C \V Craniocerebral injuries~thelr management Califor
nia & West Med, 41 257 1934

Ranp C. W, and Courvitr, C B Histologic studies of the brain
In cases of fata} injury to the head clianges in the choraid
plexus and ependyma. Arch Surg., 23 357 1831

Rane C W and Coowviine, C B Histologle changes in the
brain {n cases of fatal injuny to the head changes In the
nerve bers. Arch Newrol & Psychiat, 81 527 1934

Raxp, C. W nnd Coumvmrz, C B istologic studies of the brain
jn cates of fatal Injury to the head reaction of the classic
neuroglia. Arch Neurol & Peychiat,, 27 1542, 1832,

Ranp, C WV, and Covmviure, C B Histologio chnnges in the
brrin in cases of fatal infury to the head reaction of micro-
gliz and oligodendrogtia. Arch Neurol & Psychiat., 27 605
1932,

Ranp, C W, and Recves, D L. Traumatic enophthalmos. Surg.,
Gynee. & Olst B 460 1830

Rawune L. B Head Injuries London, Odford Press, 1834

Rocers, L. Management of cases of head injury J Roy Nav M
Scr, 81 2, 1835

Rossiem, | Contribution to the study of cranfocerebral trauma
tisms pathology of the subdural space. J de chir., 53 533
1630

Russra, VW R Cerebral involvement In head infury = study based
on the cxamination of 200 cuses Brain 55 549 1832

Ruxsez, W . The after effects of head injun  Edinburgh M T,
41 129 1934

Rypneng, E. Cerebral Injury in newborn chiildren consequent on
birth trauma. Acta path et microbiol Scandinay supp. 10
1932,

Saau, E. Diagnosts and treatment of head injurles. JAMA,
81 2159 1923

Sacys E., and Mazosz, ] Y The use of hypertonic salt in experf
mental increased intractanial pressure Am J Phyiol,,
35 277 1991

Saau, E, Wasaxs I and Sass, C. F Studies on cerebruspinal



258 HEAD INJURIES

circulation by a new method. Cosral d-
23 130, 1930 Arch. Newral. & Poycluat.

SARGENT, P, and HorMmss, G The treatment of the cranial injures
of warfare Bt M J, 1 537, 1915.

Savrrsky, N Further comments on head injury—the post-concus-
sion syndrome, New York State ] 3Med, 34:1. 1934

SCHAII.;;;, W F After-effects of head mjury. J A M.4., 115-1779,

Scemt, E R Rapid control of intracramal pressure. Ann Surg,
108 520, 1938

SuArPE, W Repeated lumbar punctures of spinal dramage diag-
nostic and therapeutic value m traumatic and alhed lesions
of the central nervous system JAM A, 104.959, 1935

SHATARA, F' I Lumbar puncture m head mjuries Am J Surg,
33 204, 1936

Suaerwoop, D Chrome subdural hematoma Am J Dis Child,
39 980, 1930

Srorxick, H M Trauma as a factor n dementia praecox J Mich-
igan M Soc , 36.563, 1937

SoroxzioN, M Traumatic subdural hemorrhage without fracture
JAMA, 54 956, 1911

Soxmareva, G, and Emuorn, D Mental and nervous phenomena
followmng trauma m children Ztsclhi f Kenderpsychuat,
1.163, 1935

SeroxG, \W. The disappearance of blood from the cerebrospmal
fhuad m traumatic subarachnoid hemorrhage the meffective-
ness of repeated lumbar punctures Surg Gynec & Obst,
58 705, 1934

Stevevsox, W E Epilepsy and gunshot wounds of the head
Brain, 54212 1931

Stravss. I, and Savitsky, N Head mjury—neurologic and psychi-
atric aspects Arch Neurol & Psychiat, 31 893, 1934.

Snauss. L. and Ssvitsky, N The sequelae of head mjury New
York State J Med , 37 1181, 1937 -

Seravss. L. and Savirsky, N The sequelae ‘ mjpury Am ],
Psychat . 91 189, 1934 . )

St powonn, W, E The pathology of fatal es New Yor
Stete ] 32 247, 1936



and Contugfon
R Intmcraninl “oMplicationg of fractyre of shy}y
vn}ving fronts] stnug !.A.AI.A, 1827
Ty, p orm g

Functign, of the Centry)
Hocber 1596
2 of heaq in
rol 19 42, 1935
Tmn:nx,] T

U Agty Laychiay



260 , HEAD INJURIES

WHEELER, W Traumatic mtracramal aerocele Lancet, 204 529,
1923
Wmvkerman, N W, and Ecker, | L Bram trauma histopathol-

ogy during early stages Arch Neurol & Psychuat, 31 956,
1934

Worrr, H S, and Forses, H S Cerebral circulation the action
of hypertonic solutions Arch Neurol & Psychiat., 20 78,
1928.

Worrr, H S, and Forses, H S The cerebral circulation observa-
tions of the pial circulation during changes n mtracramal
pressure Arch Neurol & Psychiat , 20 1035, 1928

Worrson, I N Psychiatric aspect of head mnjunies Psychiatric
Quart , 12 137, 1938

Worris, S B, and Kennepy, F Acute head mjury a study of one
thousand cases Surg Gynec & Obst, 55 865, 1932

WrienT, L T, Greeng, | J, and Smite, D H Diagnosis and
treatment of fractured skulls Arch Surg, 27 878, 1933

Yearranp, L. R Some observations on masked epilepsy J
Neurol & Psychiat , 16 353, 1936

ZieroLp, A. A Intracranial pressure m head mjuries Arch Surg,
31 823, 1935



INDE)









264

Babmsk: sign—(Continued)
m depressed fracture of frontal
sinus, 137
m extradural hemorrhage, 62, 101
m gunshot wound, 168
m traumatic subdural hematoma,
125, 183
Bagley effect of blood m spmal
flmd, 82
Bailey, Percival bran tumor, 242
Barbituric acid denvatives, 112, 225
amytal, 174
nembutal, 174, 219
phenobarbital, 76, 178, 190, 193,
230
Baseball accidents, cause of extra-
dural hemorrhage, 101
Basilar artery, 15
Battle’s sign, 53, 147
Behavior disorders, in children, 232
treatment of, 233
m frontal lobe lesions, 20
Beneke bramn tumor, 243
Blood flow chemical control of, 17
effect of drugs on, 17
vasomotor control of, 17
Blood pressure, 38
m cerebral compression, 106
m extradural hemorrhage, 106
m ncreased ntracramal pressure,
66
Bone forceps, 195
Bone graft, m repairing skull defect,
94

Bone regeneration, 58
Bone wax, 195
Bones of skull, 4
Borst bram tumor, 243
Bradycardia, m extradural hemor-
rhage, 104
Brain abscess, 146, 149, 151
after gunshot wounds, 177
comphiecating cerebral herma,
158
post-traumatic, 155
anatomy of, 7
blood supply of, 15
contusion of, 63
fissures of, 8
hemorrhage, 63

INDEX

Bramn—~( Continued)
mjury, mechames of, 24
pathology of, 28
laceration of, 63
retractors, 195
trauma, physiology of, 14
tumors, 240
vems of, 17, 18
Brodman cortical structure, 18
Bromudes, 76, 112, 178, 225
Brunt, mtracramal, 40, 221
Bruns bram tumor, 241
Bullet wounds, 31, 155, 169, 172,
173
Burrs, 195

Calfemne, 14, 72, 173, 205
Caloric test, 43
Calvanum, 3
Campbell cortical structure, 18
Cannon anoxerma and edema, 28
Cargyle membrane, 192
Carotid artery, 15
hemorrhage from, 39
Case histories bramn abscess, 151
bullet wound, 170
cerebral herma, 160
cerebral thrombosis vs extradural
hemorrhage, 109
“concussion,” 62
cranioplasty, 95
depressed shull fracture, 88
extradural hemorrhage, 62, 101
coma vs sleep i, 106
permanent neurological damage
m, 113
fracture of frontal sinus, 137
hematoma, traumatic subdural,
125, 127, 128
middle meningeal artery, tear of,

62
otorrhea mn shull fracture, 147
pneumocephalus,  cerebrospinal

rhimmorrhea, 141
post-traumatic  behavior changes

m child, 232
post-traumatic convulsions, 192
“punch drunk” syndrome, 231
sodium chlonde lack, 79
subdural hemorrhage, acute, 131



Anatomy,

o extrag
ol ural

dren,

7
of

7819

of 18
hemonh,

hend o
Chilora} hvdrate 7,

fon, 67

265

In, after
2
e, 179

225



266

Cortical degeneration, evcision of,
192
Cottonord, 195
Cramal nerve mjury, 179
abducens, 180
auditory, 42, 148, 182
facial, 149 .
nmth to twelfth, 183
oculomotor, 180
olfactory, 179
optic, 179
trigeminal, 181
trochlear, 180 3
Craniocerebral trauma, use of term
59
Cranioplasty, 94
Cranium, 3, 4
Cribriform plate, fracture of, 54
Crochet hook, penetrating wound by,
177

3

Crothers cerebral birth mjury, 93
Cushing bram tumor, 242
decompression rongeurs, 195
electromagnet, 175
gunshot wounds, 169, 173
prmciples of treatment, 174
mtracramal pressure, effects, 66
retractors, 195
“third carculation,” 11

Dakin tube, 164

Dakin’s solution, 86, 92, 166, 167,
175

Dandy subtemporal decompression,

Decerebrate ngidity, 103
m ertradural hemorrhage, 113
Decompression, subtemporal, 82
technique of, 202
Defects mn skull pulsating, 91
reparr of, 91, 94
ptoms of, 94
Dehydration, 72
excessive, effects of, 78, 78
m cerebrospmal rhinorrhea, 142
Delirnum, 65, 224
Denmis-Ayer test, 119
Dental rolls, 195
DeVilbiss rongeurs, 195
Deztrose (glucose), 72, 73, 77, 173
Diabetes, 38

INDEX

Diabetes msipidus, traumatic, 29},
223
Diagnosis, laboratory aids n, 45
Dlaphorem; and flud requrement,
7
Diarthea and fluid requirement, 78
Diencephalon, 7
Diet i head injurnes, 77
Diodrast artenography, 16
Diploic spaces, 162
Diploic vems, 6
Diplopia, exammnation for, 41
Disability 1n  post-traumatic  syn-
drome, 230
Disorientation, 224
Dizziness, 43
m skull defects, 94
post-traumatic, 226
Drowsmess 1 evtradural hemor-
rhage, 103
m pneumocephalus, 140
mn subdural hematoma, 118
use of term, 39
Drug addiction, 38
Drugs, effect of, on intracramal pres-
sure, 14
“Duckballs,” 195
Dura mater, 4
Dural elevators, 195
Dural gwides, 195

external meatus of, in shull

fracture, 146

hemorrhage from, 146

middle, deafness, 148

middle, mvolvement of, in shull

fracture, 146

otorrhea, 147
Edema, cerebral, 12, 14, 28, 176

focal, 109
Ehrenfest cerebral birth mnjury, 93
Electrical stimulation of cortex, 192
Electrocautery, 198
Electro-encephalography, 189
Electrosurgical unit, 195
Elevation of depressed skull frac-

ture, techmque of, 201

Emesis 1 cerebral abscess, 163

n cerebral thrombosis, 109

m estradural hemorrhage, 103,
107
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Hemarrthage—{ Continved }
{rom car 146
nto optic nerve sheath, 180
intracranial, 60
madotd, 53
medollary 34 57
abﬂl]h?:@ head 35 231
echisl, in intufy
Pﬂin drunk” syndrome

] e g
He Sargent
wounds, 1"58
syndrome, 168
Horner 8 syndrome, 40
Hodson drill, 185 bead
Hydrocephalus: and fn 80
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Irritability: in pneumocophalus 140
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truumatic, 228
land of Rell, 8

Jackgontan convulsions, 20 89 88
104 118 188 187
Jacobson  extradural bemorrhage 68
Jelsna &mpﬂlcdmn o subdaral

tome, 119
w enile nericy  post-trauma
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durel hematoma, 118
hernig'n sign, 45
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Lumbar puncture—(Continued)
m subdural hematoma, 129
m  subtemporal decompression,
205
Lymph nodes, 3
Lymphatics of scalp, 3

MecKenzie osteomyelitis of shull, 163
Magnesium sulfate, use i dehydra-
tion, 73, 75, 176

Malingermg, 231
Malnutrition, in subdural hematoma
of mmfancy, 128
Malone tracramal pressure, 66
Mama, 225
Martland “punch drunk” syndrome,
231
Mask-like facies m “punch drunk”
syndrome, 231
Mastoid, fracture of, 135, 146
Mastordectomy, 153
Mastoiditis, 149
traumatic, primary, 150
Masturbation, n frontal lobe lesions,
20
Mechanism of bram njury, 24
of skull fracture, 24
Medicolegal problems, 230, 234, 235,
236
Medulla oblongata, 7
hemorrhage m, 37
hermation of, after lumbar punc-
ture, 81
Memory defects 1 cluldren, post-
traumatic, 232
m frontal lobe lesions, 20
m subdural hematoma, 118
Memmngeal signs i pneumocephalus,
14}
Meninges, 4, 6
dura mater, 4
pra mater, 6
Meningitis  after gunshot wounds,
177
differential diagnosis of, 45, 46
in basal fracture, 150
m Dbasal fracture with otorrhea,
149
m fracture of frontal smus, 146
in ostecomyehtis of skull, 163
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Menmgitis—{ Continued)
luctic, 240
post-traumatic, 152

diagnosis of, 154
treatment of, 154
tuberculous, 46
Meningocele, traumatic,
921, 292
Mental changes, m chldren, post-
traumatic, 232

Mental confusion, 65, 224
in frontal lobe lesions, 20
m pneumocephalus, 140
m ‘punch drunk” syndrome, 231
m subdural hematoma, 118

Mental depression, 225

Mental deterioration, in “punch

drunk’ syndrome, 231

Mental disease and trauma, 224

Mental enfeeblement, mn cluldren,

232
Mental mmpairment, post-traumatic,
227

Mental status, alterations of, 64

Mesencephalon, 7

Metabohe disorders, 63

Meyer’s loop, 21

Meynert cortical structure, 18

Midbrain, mjury to, 113

Middle ear, mvoh ement of, m skull

fracture, 135
Middle menmgeal artery, hemor-
rhage from, 62, 66, 101
Mock, Morrow and Shannon  sub-
temporal decompression, 83

Montenovest rongeurs, 195

Moodiness, post-traumatic, 2925, 226

Moritz and Wortman leptomeninges

after head mjury, 82
hydrocephalus and head mjury, 80

Morphme, contramdications to, 70
e?ect of, on pupils, 68

Mortahty 1n basal fractures, 149
m occlusion of superior longitu-

dmal smus, 169
mn subdural hematoma, 125

Motor power, alterations of, 44, 69

Mott, F M  paresss, 238

Muscles sternoclerdomastoid, 44
temporal, 1, 2
trapezius, 44

spurious,
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3

'l{enostea[ elev ators, 193
Personality changes, post-traumatic,
226
m children, 232
Petechial hemorrhage, 35, 23}
Petrous bone, fracture of, 54
Phenobarbital, 76, 176
m post-traumatic syndrome, 230
profonged admimistration of, after
head mjury, 190, 193
Physiology, mtracranial, 11
Physiotherapy, m facial palsy, 149
Pia-arachnoid membrane, 6
Pia mater, 8
Pineal gland, displacement of, 55
Pitwitnn, 223
Plague jaune, 33
Pneumatocele, mtracramal, 140
Pneumocephalus, 135, 136
symptoms of, 140
Pneumo-encephalography, 55
Pons, 7
hemorrhage m, 37
Position of patient, 75
Position sense, defects m, 1 parleta]
lobe lesion, 21
Posterior auricular artery, 2
Post-traumatic syndrome, 225, 236
Pressure, intracranial, 13
Procame (novocamn) for local anes-
thesia, 85, 219
Psychiatric aspect of head ijunes,
9221, 224
Psychological imparrment, post-trau-
matic, 226-7
Psychoneurosis, post-traumatic, 230
Pulse rate, 38, 65, 68
m extradural hemorrhage, 104,
106
in mcreased mtracramal pressure,
66
in pneumocephalus, 140
in subdural hematoma, 118, 122
Pupils exammation of, 40
i extradural hemorrhage, 105,
106
pmpoint, 68
mydriasis  bilateral, 68, 108
m oculomotor nerve mjury, 180
traumatic, 67, 88
unilateral, 68, 105
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“Punch drunk’ syndrome, 231
Putnam  subdural hematoma, 114

Queckenstedt test, 13

Rand percussion of skull in sub-
dural hensatoma, 118
Rand and Courville cerebral edemn,
29
alteraions m, m head m-
jurtes, 69
examination of, 44
n etradural hemorrhage, 104
in subdural hematoma, 119
Rei), 1sland of, 8
Resistiveness, 224
Respiration Cheyne-Stokes, 67, 103
following head mjury, 67
stertorous, n eatradural hemor-
rhage, 103
Restlessness  after head mjury, 65,
224
in frontal lobe lesions, 20, 70
Retina m arteriovenous aneurysm,
999

exammation of, 41, 68
m Holmes-Sargent syndrome, 168
m subdural hematoma, 119
Rhunorthea, ccerebrospinal, 135, 136
treatment of, 141
Ring fracture, 183
Roentgen-ray examimation, 46
Roentgenograms, legal necessity for,
47
Rongeurs, 193
Rydberg cerchral birth mjury, 93

Refleves

Scalp, 1
avulsion of, 1
contusion of, 1
evamnation of, 39
hematoma of, 1, 60
infections of, 87
mjury to, 60, 85
laceration of, G0
lymphatics of, 3
nerves of, 3
preparation of, 197
reparr of, 86
rems of, 2
wounds of, treatment of, 165
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yndromes—( Continued )

Parlunson’s, 237

post-traumatic, 225, 238

"?lmCh drunk,” 231

yphibs, and traumatic disease of
nenous system, 235, 236,
238

vlvian fissure, 8

yringes, 195

‘abes dorsalis, eye changes m, 40

‘aste, disturbances of, 42

m mjury to facial nerve, 181

m sodum chlonde lack, 78

‘eachenor paranasal smus fracture,
137

‘echnique, surgical, 195

émperature, after head mjury, 38,
;@? 67, 154

‘@Mmper tantrums m children, post-
traumatic, 232
‘emporal lobe, 8
function of, 20
‘emporal muscle, 1, 2
‘entortum cerebells, 5
Jests caloric, 48
Denms-Ayer, 119
Levinson, 46
Queckenstedt, 13
tryptophane, 46
Tetanus antitoxin, 72
Thrombophleb1tis, 163
Tmmtus m mjury
nerve, 1838
m mjury to labynnth, 148
Tongue, examnation of, 44
Touch, disturbances of, m panetal
lobe lesion, 21
Transfusion, 154, 173
Trapezius muscle, 44
Traumatie delirum, use of term, 59
Traumabie neuroses, 235
Traumatic stupor, use of term, 59
Traumatic subdural hematoma, 114
Treatment of head injuries, prm-
ciples, 71
Tremors, 1 “punch  drunk” syn-
drome, 23]
Trephme, 195
evploration, lechmqgue of, 199

to auditory

Tribromethanol (avertn), 92, 163
174, 215, 219, 225 '

Trnigemmal nene, 42, 181

Trotter concussion, definition of, 23
subdural hematoma, 114

Trousseau \ascular disease, 237

Tryptophane test, 46

Tumors of bram, 240

Umbrella stay, penetrating wound
by, 177

Urenua, 38, 45

Unnary retention, 44

Vascular disease, 237
Vasomotor center, depression of, 63
Vasomotor nerves, 17
Vastine and Kmney
of pmeal, 55
Vems cerebral, 17
conjunctinal, mjection of, 222
dxp{mc, 6
thrombosis of, 162
enussary, thrombosis of, 162
of Galen, 18
great cerebral, 18
mastoid emissary, 6
of the scalp, 2
Venous smnuses, 4-6G
supernior longitudinal, occlusion of,
44, 168
thrombosis of, 163
Ventricle needles, 195
Ventricles, cerebral, 9
Ventricular tap, 203
Ventnculogrurhy, 55, 188
frontal, techmque of, 212
mn subdural hematoma, 124
posterior, technique of, 214
techmique of, 211
Vertebral artery, 15
Vertigo mn wyjurv to auditory nene,
43, 183
mn injury to labyrmth, 148
st-traumatic, 226
Virchow-Robm spaccs, 35
Vision, defects m exammation for,
41
m oceipital lobe lesions, 21
m subdural hematoma, 118
i temporal lobe lesions, 21

displacement
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